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Executive Summary

Introduction
This report presents the results of the Horsepen Creek water quality assessment, conducted by
the North Carolina Division of Water Quality (DWQ) with financing from the Clean Water
Management Trust Fund (CWMTF).  Horsepen Creek is considered impaired by the DWQ
because it is unable to sustain an acceptable community of aquatic organisms, indicating that the
stream does not fully support its designated uses.  The goal of the assessment is to provide the
foundation for future water quality restoration activities in the Horsepen Creek watershed by:  1)
identifying the most likely causes of biological impairment; 2) identifying the major watershed
activities and pollution sources contributing to those causes; and 3) outlining a general watershed
strategy that recommends restoration activities and best management practices (BMPs) to
address the identified problems.

Study Area and Stream Description
Horsepen Creek is located in Guilford County, in Subbasin 03-06-02 of the Cape Fear River
Basin (Figure 1.1).  From its headwaters north of I-40 in Greensboro it flows northeastward to
Lake Brandt, a water supply reservoir for the City of Greensboro (2000 population 223,891).
Over 75% of the 15.9 square mile Horsepen Creek drainage area is within the Greensboro limits.
Land use consists of a mix of residential, industrial and commercial areas.  Overall
imperviousness is 20%, with some subwatersheds having almost twice that value.
Imperviousness in the watershed is likely to increase to 30 to 40% once it is fully developed.
Greensboro operates under a Phase I stormwater permit, and NC Water Supply Watershed
protection rules have been in effect here for a number of years.  The study area is described in
more detail in Section 2.

Benthic macroinvertebrate communities are impaired throughout the mainstem of Horsepen
Creek.  Habitat is generally poor except in the headwaters tributaries.  Downstream of the
headwaters, the stream bed is comprised largely of sand and bank erosion is widespread.

Approach
A wide range of data was collected to evaluate potential causes and sources of impairment.  Data
collection activities included:  benthic macroinvertebrate sampling; assessment of stream habitat,
morphology and riparian zone condition; water quality sampling to evaluate stream chemistry
and toxicity; sediment sampling to evaluate chemistry and toxicity; characterization of watershed
land use, conditions and pollution sources.  Data collected during the study are presented in
Sections 2, 4, 5 and 6 of the report.

Conclusions
Aquatic organisms in the Horsepen Creek watershed are exposed to a variety of stressors which
appear to be important factors causing impairment.  The relative contribution of most of these
stressors cannot be clearly differentiated.  The most probable causes and sources of impairment,
based upon an evaluation of all available data, are the following (see Section 7 for additional
discussion):
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1. Toxicity from nonpoint sources appears to be the most important single factor and can be
considered a primary cause of impairment.  The direct impacts of toxicity are pervasive in the
upper half of Horsepen Creek.  The specific pollutants responsible for this toxicity cannot be
clearly identified, although high levels of various pesticides and metals were found.  The
cumulative and long-term impacts of a variety of contaminants are probably important.  The
primary source area appears to be the densely developed headwaters portion of the
watershed.

2. Other factors that cumulatively cause impairment include:  scour (excessive removal of
organisms and microhabitat during storms), habitat degradation due to lack of in-stream
microhabitat, and organic enrichment (possibly exacerbated by the effects of drought).

3. Extensive sedimentation is present in Horsepen Creek.  However, sediment per se is not
considered a cause of impairment, although it does contribute to habitat degradation.

4. Habitat degradation and scour are due to changes in watershed hydrology following
increased development and the effects of channel modification (culverting and channel
dredging and straightening).

Recommendations
Many of the most important factors leading to impairment in the study area are systemic in
nature.  Mitigating these problems will require actions that are similarly broad in scope.
Minimizing the potential impacts of future watershed development on watershed hydrology is
also critical, or improvements resulting from efforts to control current sources of impairment are
likely to be compromised.  Addressing these issues will necessitate diverse management actions
implemented over an extended period of time.  The recommendations summarized below are
organized around specific causes of impairment.  These factors have a joint impact on stream
organisms, however, and many management activities have multiple impacts as well.  Remedial
actions are likely to be most cost-effective if implemented in a coordinated fashion based upon a
restoration plan developed by local governments and other stakeholders.

The following actions are necessary to address current sources of impairment in Horsepen Creek
and prevent future degradation.  The intent of these recommendations is to describe the types of
actions necessary to improve conditions in the Horsepen Creek watershed, not to specify
particular administrative or institutional mechanisms for implementing remedial practices.
Action one is the single most important recommendation, although one through four are all
essential to the restoration of aquatic communities in Horsepen Creek.  Actions five through
seven are critical to protect currently intact tributaries from the impacts of new development, and
to prevent further development impacts on the Horsepen Creek mainstem.  The additional actions
recommended will result in limited improvement unless these are accomplished.

1. A strategy to address toxic inputs should be developed and implemented, including a
variety of source reduction and stormwater treatment methods.  Industrial and
commercial areas in the upper watershed, including the Piedmont Triad International Airport,
should be a major focus of this effort.  As an initial framework for planning toxicity
reduction efforts, the following general approach is proposed:
a) Implementation of available BMP opportunities for control of stormwater volume and

velocities.  Recommended below to improve aquatic habitat potential, these BMPs will
also remove toxicants from the stormwater system.
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b) Development of a stormwater and dry weather sampling strategy for the upper watershed
in order to facilitate the targeting of pollutant removal and source reduction practices.

c) Implementation of stormwater treatment BMPs, aimed primarily at pollutant removal, at
appropriate locations.  Greensboro has identified a number of sites that may be
appropriate for such systems.

d) Development and implementation of a broad set of source reduction activities focused on:
reducing nonstorm inputs of toxicants; reducing pollutants available for washoff during
storms; and managing water to reduce storm runoff.  Suggestions for potential source
reduction practices are provided.

2. Feasible and cost-effective stormwater retrofit projects should be implemented
throughout the watershed, but especially in the headwaters area, to mitigate the
hydrologic effects of development (increased stormwater volumes and increased frequency
and duration of erosive and scouring flows).  This should be viewed as a long-term process.
Although there are many uncertainties, costs in the range of $1 million per square mile of
watershed can probably be anticipated.
a) Over the short-term, potential retrofit projects identified thus far by the City of

Greensboro should be further evaluated and implemented where appropriate.  Additional
feasible retrofit opportunities should be developed by Greensboro and the Piedmont Triad
Airport Authority, including both upgrades of existing BMPs and the identification of
viable projects in areas developed without stormwater controls.

b) In the longer term, additional retrofit opportunities should be sought out in conjunction
with infrastructure improvements and redevelopment of existing developed areas.

3. Over the long run, extensive stream channel restoration activities and stormwater
retrofit BMPs should be implemented in order to improve aquatic habitat.  This will
involve a substantial effort that would likely take several decades to fully implement.  Costs
of approximately $1 million per mile of channel should be anticipated:
a) Approximately 5 miles of the Horsepen Creek mainstem below Stage Coach Trail, as

well as several tributary channels, should be restored to a stable morphology.  It would be
most effective to restore the upper portion of this area first, so that sediment from
upstream channel erosion does not complicate efforts to stabilize downstream portions of
the channel.

b) Channel restoration projects and BMPs to control stormwater runoff should be
implemented in an integrated fashion so that both channel morphology and watershed
hydrology problems are addressed using a coordinated approach.

c) Work should be carried out first in tributary and headwaters subwatersheds.  Restoration
of the mainstem of the lower Horsepen Creek should be approached once upstream
sediment sources have been reduced and upstream hydrologic conditions have been
mitigated to the extent practical.

4. Actions recommended above (e.g., stormwater quantity and quality retrofit BMPs) are
likely to reduce organic loading and its impacts to some extent.  Additional activities
recommended to address organic loading include the identification and elimination of illicit
discharges; education of homeowners, commercial applicators and others regarding proper
fertilizer use; street sweeping; catch basin clean-out practices; and the installation of
additional BMPs targeting BOD and nutrient removal at appropriate sites.

5. Current post-construction stormwater management requirements for new development in the
study area are unlikely to prevent further channel erosion and continued habitat degradation,
since stormwater control requirements are limited to the first inch of runoff and apply only to
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development exceeding 24% built upon area.  The new Phase II stormwater program, which
requires control of the 1-year 24-hour storm, should provide better channel protection for
high density areas, but does not address impacts from new development with less than 24%
built upon area.  The sensitive channels in this watershed are most likely to be protected from
the hydrologic impacts of new development if post construction stormwater management
efforts include:
a) Rapid implementation of the Phase II requirement for control of the 1-year 24-hour

storm.
b) A threshold for the use of stormwater controls that is no higher than 10% built upon area.

To prevent existing unstable conditions in Horsepen Creek from deteriorating further,
post-construction stormwater control requirements should be applied to all but the lowest
density development.

c) Active promotion of infiltration practices and other approaches to limit stormwater
volume in both low density and high density development.

d) Identification of wetland restoration projects or other watershed-based efforts to mitigate
for post-construction stormwater impacts that will not otherwise be controlled.

6. Existing local requirements, which allow the disturbance of forested riparian areas during
construction and apply only to perennial streams, will not protect stream bank and channel
integrity.  Whether accomplished through incentives or regulatory measures, it is important
that existing forested riparian zones be protected.

7. The planned Outer Loop Road that will run through the watershed has the potential to cause
substantial stream damage.  It is critical that the NCDOT and other involved agencies take
steps to minimize impacts from this project by:  assuring that the final route and roadway
design selected avoids and minimizes stream and riparian disturbance as much as possible;
minimizing hydrologic change due to the road by implementing infiltration practices or other
methods of controlling roadway runoff; and implementing erosion and sediment controls
effectively.

8. Effective enforcement of sediment and erosion control regulations on the part of the City of
Greensboro, Guilford County and (for publicly funded projects) the NC Division of Land
Resources will be essential to the prevention of additional sediment inputs from construction
activities.  Development of improved erosion and sediment control practices may be
beneficial.

9. The watershed education programs currently implemented by local governments should be
continued and enhanced, with the goal of reducing current stream damage and prevent future
degradation.  At a minimum the program should include elements to address the following
issues:
a) Redirecting downspouts to pervious areas rather than routing these flows to driveways or

gutters.
b) Protecting existing wooded riparian areas on intermittent and ephemeral streams.
c) Replanting native riparian vegetation on perennial, intermittent and ephemeral channels

where such vegetation is absent.
d) Reducing and properly managing pesticide and fertilizer use.
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Executive Summary

Introduction
This report presents the results of the Horsepen Creek water quality assessment, conducted by
the North Carolina Division of Water Quality (DWQ) with financing from the Clean Water
Management Trust Fund (CWMTF).  Horsepen Creek is considered impaired by the DWQ
because it is unable to sustain an acceptable community of aquatic organisms, indicating that the
stream does not fully support its designated uses.  The goal of the assessment is to provide the
foundation for future water quality restoration activities in the Horsepen Creek watershed by:  1)
identifying the most likely causes of biological impairment; 2) identifying the major watershed
activities and pollution sources contributing to those causes; and 3) outlining a general watershed
strategy that recommends restoration activities and best management practices (BMPs) to
address the identified problems.

Study Area and Stream Description
Horsepen Creek is located in Guilford County, in Subbasin 03-06-02 of the Cape Fear River
Basin (Figure 1.1).  From its headwaters north of I-40 in Greensboro it flows northeastward to
Lake Brandt, a water supply reservoir for the City of Greensboro (2000 population 223,891).
Over 75% of the 15.9 square mile Horsepen Creek drainage area is within the Greensboro limits.
Land use consists of a mix of residential, industrial and commercial areas.  Overall
imperviousness is 20%, with some subwatersheds having almost twice that value.
Imperviousness in the watershed is likely to increase to 30 to 40% once it is fully developed.
Greensboro operates under a Phase I stormwater permit, and NC Water Supply Watershed
protection rules have been in effect here for a number of years.  The study area is described in
more detail in Section 2.

Benthic macroinvertebrate communities are impaired throughout the mainstem of Horsepen
Creek.  Habitat is generally poor except in the headwaters tributaries.  Downstream of the
headwaters, the stream bed is comprised largely of sand and bank erosion is widespread.

Approach
A wide range of data was collected to evaluate potential causes and sources of impairment.  Data
collection activities included:  benthic macroinvertebrate sampling; assessment of stream habitat,
morphology and riparian zone condition; water quality sampling to evaluate stream chemistry
and toxicity; sediment sampling to evaluate chemistry and toxicity; characterization of watershed
land use, conditions and pollution sources.  Data collected during the study are presented in
Sections 2, 4, 5 and 6 of the report.

Conclusions
Aquatic organisms in the Horsepen Creek watershed are exposed to a variety of stressors which
appear to be important factors causing impairment.  The relative contribution of most of these
stressors cannot be clearly differentiated.  The most probable causes and sources of impairment,
based upon an evaluation of all available data, are the following (see Section 7 for additional
discussion):
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1. Toxicity from nonpoint sources appears to be the most important single factor and can be
considered a primary cause of impairment.  The direct impacts of toxicity are pervasive in the
upper half of Horsepen Creek.  The specific pollutants responsible for this toxicity cannot be
clearly identified, although high levels of various pesticides and metals were found.  The
cumulative and long-term impacts of a variety of contaminants are probably important.  The
primary source area appears to be the densely developed headwaters portion of the
watershed.

2. Other factors that cumulatively cause impairment include:  scour (excessive removal of
organisms and microhabitat during storms), habitat degradation due to lack of in-stream
microhabitat, and organic enrichment (possibly exacerbated by the effects of drought).

3. Extensive sedimentation is present in Horsepen Creek.  However, sediment per se is not
considered a cause of impairment, although it does contribute to habitat degradation.

4. Habitat degradation and scour are due to changes in watershed hydrology following
increased development and the effects of channel modification (culverting and channel
dredging and straightening).

Recommendations
Many of the most important factors leading to impairment in the study area are systemic in
nature.  Mitigating these problems will require actions that are similarly broad in scope.
Minimizing the potential impacts of future watershed development on watershed hydrology is
also critical, or improvements resulting from efforts to control current sources of impairment are
likely to be compromised.  Addressing these issues will necessitate diverse management actions
implemented over an extended period of time.  The recommendations summarized below are
organized around specific causes of impairment.  These factors have a joint impact on stream
organisms, however, and many management activities have multiple impacts as well.  Remedial
actions are likely to be most cost-effective if implemented in a coordinated fashion based upon a
restoration plan developed by local governments and other stakeholders.

The following actions are necessary to address current sources of impairment in Horsepen Creek
and prevent future degradation.  The intent of these recommendations is to describe the types of
actions necessary to improve conditions in the Horsepen Creek watershed, not to specify
particular administrative or institutional mechanisms for implementing remedial practices.
Action one is the single most important recommendation, although one through four are all
essential to the restoration of aquatic communities in Horsepen Creek.  Actions five through
seven are critical to protect currently intact tributaries from the impacts of new development, and
to prevent further development impacts on the Horsepen Creek mainstem.  The additional actions
recommended will result in limited improvement unless these are accomplished.

1. A strategy to address toxic inputs should be developed and implemented, including a
variety of source reduction and stormwater treatment methods.  Industrial and
commercial areas in the upper watershed, including the Piedmont Triad International Airport,
should be a major focus of this effort.  As an initial framework for planning toxicity
reduction efforts, the following general approach is proposed:
a) Implementation of available BMP opportunities for control of stormwater volume and

velocities.  Recommended below to improve aquatic habitat potential, these BMPs will
also remove toxicants from the stormwater system.
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b) Development of a stormwater and dry weather sampling strategy for the upper watershed
in order to facilitate the targeting of pollutant removal and source reduction practices.

c) Implementation of stormwater treatment BMPs, aimed primarily at pollutant removal, at
appropriate locations.  Greensboro has identified a number of sites that may be
appropriate for such systems.

d) Development and implementation of a broad set of source reduction activities focused on:
reducing nonstorm inputs of toxicants; reducing pollutants available for washoff during
storms; and managing water to reduce storm runoff.  Suggestions for potential source
reduction practices are provided.

2. Feasible and cost-effective stormwater retrofit projects should be implemented
throughout the watershed, but especially in the headwaters area, to mitigate the
hydrologic effects of development (increased stormwater volumes and increased frequency
and duration of erosive and scouring flows).  This should be viewed as a long-term process.
Although there are many uncertainties, costs in the range of $1 million per square mile of
watershed can probably be anticipated.
a) Over the short-term, potential retrofit projects identified thus far by the City of

Greensboro should be further evaluated and implemented where appropriate.  Additional
feasible retrofit opportunities should be developed by Greensboro and the Piedmont Triad
Airport Authority, including both upgrades of existing BMPs and the identification of
viable projects in areas developed without stormwater controls.

b) In the longer term, additional retrofit opportunities should be sought out in conjunction
with infrastructure improvements and redevelopment of existing developed areas.

3. Over the long run, extensive stream channel restoration activities and stormwater
retrofit BMPs should be implemented in order to improve aquatic habitat.  This will
involve a substantial effort that would likely take several decades to fully implement.  Costs
of approximately $1 million per mile of channel should be anticipated:
a) Approximately 5 miles of the Horsepen Creek mainstem below Stage Coach Trail, as

well as several tributary channels, should be restored to a stable morphology.  It would be
most effective to restore the upper portion of this area first, so that sediment from
upstream channel erosion does not complicate efforts to stabilize downstream portions of
the channel.

b) Channel restoration projects and BMPs to control stormwater runoff should be
implemented in an integrated fashion so that both channel morphology and watershed
hydrology problems are addressed using a coordinated approach.

c) Work should be carried out first in tributary and headwaters subwatersheds.  Restoration
of the mainstem of the lower Horsepen Creek should be approached once upstream
sediment sources have been reduced and upstream hydrologic conditions have been
mitigated to the extent practical.

4. Actions recommended above (e.g., stormwater quantity and quality retrofit BMPs) are
likely to reduce organic loading and its impacts to some extent.  Additional activities
recommended to address organic loading include the identification and elimination of illicit
discharges; education of homeowners, commercial applicators and others regarding proper
fertilizer use; street sweeping; catch basin clean-out practices; and the installation of
additional BMPs targeting BOD and nutrient removal at appropriate sites.

5. Current post-construction stormwater management requirements for new development in the
study area are unlikely to prevent further channel erosion and continued habitat degradation,
since stormwater control requirements are limited to the first inch of runoff and apply only to
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development exceeding 24% built upon area.  The new Phase II stormwater program, which
requires control of the 1-year 24-hour storm, should provide better channel protection for
high density areas, but does not address impacts from new development with less than 24%
built upon area.  The sensitive channels in this watershed are most likely to be protected from
the hydrologic impacts of new development if post construction stormwater management
efforts include:
a) Rapid implementation of the Phase II requirement for control of the 1-year 24-hour

storm.
b) A threshold for the use of stormwater controls that is no higher than 10% built upon area.

To prevent existing unstable conditions in Horsepen Creek from deteriorating further,
post-construction stormwater control requirements should be applied to all but the lowest
density development.

c) Active promotion of infiltration practices and other approaches to limit stormwater
volume in both low density and high density development.

d) Identification of wetland restoration projects or other watershed-based efforts to mitigate
for post-construction stormwater impacts that will not otherwise be controlled.

6. Existing local requirements, which allow the disturbance of forested riparian areas during
construction and apply only to perennial streams, will not protect stream bank and channel
integrity.  Whether accomplished through incentives or regulatory measures, it is important
that existing forested riparian zones be protected.

7. The planned Outer Loop Road that will run through the watershed has the potential to cause
substantial stream damage.  It is critical that the NCDOT and other involved agencies take
steps to minimize impacts from this project by:  assuring that the final route and roadway
design selected avoids and minimizes stream and riparian disturbance as much as possible;
minimizing hydrologic change due to the road by implementing infiltration practices or other
methods of controlling roadway runoff; and implementing erosion and sediment controls
effectively.

8. Effective enforcement of sediment and erosion control regulations on the part of the City of
Greensboro, Guilford County and (for publicly funded projects) the NC Division of Land
Resources will be essential to the prevention of additional sediment inputs from construction
activities.  Development of improved erosion and sediment control practices may be
beneficial.

9. The watershed education programs currently implemented by local governments should be
continued and enhanced, with the goal of reducing current stream damage and prevent future
degradation.  At a minimum the program should include elements to address the following
issues:
a) Redirecting downspouts to pervious areas rather than routing these flows to driveways or

gutters.
b) Protecting existing wooded riparian areas on intermittent and ephemeral streams.
c) Replanting native riparian vegetation on perennial, intermittent and ephemeral channels

where such vegetation is absent.
d) Reducing and properly managing pesticide and fertilizer use.
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Section 1
Introduction

This report presents the results of the Horsepen Creek water quality assessment, conducted by
the North Carolina Division of Water Quality (DWQ) with financing from the Clean Water
Management Trust Fund (CWMTF).  Horsepen Creek is considered impaired by the DWQ
because it is unable to support an acceptable community of aquatic organisms.  The reasons for
this condition have been previously unknown, inhibiting efforts to improve stream integrity in
this watershed.

Part of a larger effort to assess impaired streams across North Carolina, this study was intended
to evaluate the causes of biological impairment and to suggest appropriate actions to improve
stream conditions.  The CWMTF, which allocates grants to support voluntary efforts to address
water quality problems, is seeking DWQ’s recommendations regarding the types of activities it
could fund in these watersheds to improve water quality.  Both the DWQ and the CWMTF are
committed to encouraging local initiatives to protect streams and to restore degraded waters.

1.1 Study Area Description

Horsepen Creek is located in Guilford County, in the Cape Fear River Basin (Figure 1.1).  It
flows northeastward from the Piedmont Triad International Airport at Market Street and empties
into Lake Brandt, just north of US 220 (Battleground Avenue) in Greensboro.  The area under
current study consisted of Horsepen Creek and its tributaries from its source to US 220.  In the
study area, Horsepen Creek has a length of approximately seven miles and a drainage area of
15.9 square miles.  About 75% of the drainage area is within the city limits of Greensboro, while
the remainder is a developing suburban area.  Horsepen Creek is biologically impaired for its
entire length.  The study area is upstream of any point sources of domestic wastewater.
Horsepen Creek lies within DWQ subbasin 03-06-02 and is part of Hydrologic Unit
03030002020010.

1.2 Study Purpose

The Horsepen Creek assessment is part of the Watershed Assessment and Restoration Project
(WARP), a study of eleven watersheds across the state being conducted during the period from
2000 to 2002 with funding from the CWMTF (Table 1.1).  The goal of the project is to provide
the foundation for future water quality restoration activities in the eleven watersheds by:

1. Identifying the most likely causes of biological impairment (such as degraded habitat or
specific pollutants).

2. Identifying the major watershed activities and sources of pollution contributing to those
causes (such as stream bank erosion or stormwater runoff from particular urban or rural
areas).
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3. Outlining a watershed strategy that recommends restoration activities and best management
practices (BMPs) to address the identified problems and improve the biological condition of
the impaired streams.

This investigation focused primarily on aquatic life use support issues.  It was intended to assess
the major issues related to biological impairment as comprehensively as possible within the time
frame of the study.  While not designed to address other important issues in the Horsepen Creek
watershed, such as bacterial contamination or flooding, the report discusses those concerns
where existing information allows.

Table 1.1 Study Areas Included in the Watershed Assessment and Restoration Project

Watershed River Basin County

Toms Creek Neuse Wake

Upper Swift Creek Neuse Wake

Little Creek Cape Fear Orange, Durham

Horsepen Creek Cape Fear Guilford

Little Troublesome Creek Cape Fear Rockingham

Upper Clark Creek Catawba Catawba

Upper Cullasaja River/ Mill Creek Little Tennessee Macon

Morgan Mill/Peter Weaver Creeks French Broad Transylvania

Mud Creek French Broad Henderson

Upper Conetoe Creek Tar-Pamlico Edgecombe, Pitt, Martin

Stoney Creek Neuse Wayne

1.3 Study Approach and Scope

Of the study’s three objectives, identification of the likely causes of impairment is a critical
building block, since addressing subsequent objectives depends on this step (Figure 1.2).
Determining the primary factors causing biological impairment is a significant undertaking that
must address a variety of issues (see the Background Note "Identifying Causes of Impairment").
While identifying causes of impairment can be attempted using rapid screening level
assessments, we have taken a more detailed approach in order to maximize the opportunity to
reliably and defensibly identify causes and sources of impairment within the time and resource
framework of the project.  This provides a firmer scientific foundation for the collection and
evaluation of evidence, facilitates the prioritization of problems for management, and offers a
more robust basis for the commitment of resources.  EPA’s recently published guidance for
stressor identification envisions that causes of impairment be evaluated in as rigorous a fashion
as is practicable (USEPA, 2000).
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Figure 1.2 Overview of Study Activities
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☛ Background Note: Identifying Causes of Impairment

Degradation and impairment are not synonymous.  Many streams and other waterbodies exhibit some degree of
degradation, that is, a decline from unimpacted conditions.  Streams that are no longer pristine may still support
good water quality conditions and function well ecologically.  When monitoring indicates that degradation has
become severe enough to significantly interfere with one of a waterbody’s designated uses (such as aquatic life
propagation or water supply), the Division of Water Quality formally designates that stream segment as impaired.  It
is then included on the state’s 303(d) list, the list of impaired waters in North Carolina.

Many impaired streams, including those that are the subject of this study, are so rated because they do not support a
healthy population of fish or benthic macroinvertebrates (aquatic bugs visible to the naked eye).  While standard
biological sampling can determine whether a stream is supporting aquatic life or is impaired, the cause of
impairment can only be determined with additional investigation.  In some cases, a potential cause of impairment is
noted when a stream is placed on the 303(d) list, using the best information available at that time.  These noted
potential causes are generally uncertain, especially when nonpoint source pollution issues are involved.

A cause of impairment can be viewed most simply as a stressor or agent that actually impairs aquatic life.  These
causes may fall into one of two broad classes:  1) chemical or physical pollutants (e.g., toxic chemicals, nutrient
inputs, oxygen-consuming wastes); and 2) habitat degradation (e.g., loss of in-stream structure such as riffles and
pools due to sedimentation; loss of bank and root mass habitat due to channel erosion or incision).  Sources of
impairment are the origins of such stressors.  Examples include urban and agricultural runoff.

The US Environmental Protection Agency defines causes of impairment more specifically as "those pollutants and
other stressors that contribute to the impairment of designated uses in a waterbody" (USEPA, 1997, p 1-10).  When
a stream or other waterbody is unable to support an adequate population of fish or macroinvertebrates, identification
of the causes of impairment thus involves a determination of the factors most likely leading to the unacceptable
biological conditions.

All conditions which impose stress on aquatic communities may not be causes of impairment.  Some stressors may
occur at an intensity, frequency and duration that are not severe enough to result in significant degradation of
biological or water quality conditions to result in impairment.  In some cases, a single factor may have such a
substantial impact that it is the only cause of impairment, or clearly predominates over other causes.  In other
situations, several major causes of impairment may be present, each with a clearly significant effect.  In many cases,
individual factors with predominant impacts on aquatic life may not be identifiable, and the impairment may be due
to the cumulative impact of multiple stressors, none of which is severe enough to cause impairment on its own.

The difficulty of developing linkages between cause and effect in water quality assessments is widely recognized
(Fox, 1991; USEPA, 2000).  Identifying the magnitude of a particular stressor is often complex.  Storm-driven
pollutant inputs, for instance, are both episodic and highly variable, depending upon precipitation timing and
intensity, seasonal factors and specific watershed activities.  It is even more challenging to distinguish between those
stressors which are present, but not of primary importance, and those which appear to be the underlying causes of
impairment.  Following are examples of issues which must often be addressed.

•  Layered impacts (Yoder and Rankin, 1995) may occur, with the severity of one agent masking other problems
that cannot be identified until the first one is addressed.

•  Cumulative impacts, which are increasingly likely as the variety and intensity of human activity increase in a
watershed, are widely acknowledged to be very difficult to evaluate given the current state of scientific
knowledge (Burton and Pitt, 2001; Foran and Ferenc, 1999).

•  In addition to imposing specific stresses upon aquatic communities, watershed activities can also inhibit the
recovery mechanisms normally used by organisms to ‘bounce back’ from disturbances.

For further information on use support and stream impairment issues, see the website of DWQ’s Basinwide Planning
Program at http://h2o.enr.state.nc.us/basinwide/index.html; A Citizen’s Guide to Water Quality Management in
North Carolina (NCDWQ, 2000); EPA’s Stressor Identification Guidance Document (USEPA, 2000).
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1.3.1 Study Approach

The general conceptual approach used to determine causes of impairment in Horsepen Creek was
as follows (see Foran and Ferenc, 1999; USEPA, 2000).

•  Identify the most plausible potential (candidate) causes of impairment in the watershed based
upon existing data and initial watershed reconnaissance activities.

•  Collect data bearing on the nature and impacts of those potential causes.
•  Characterize the causes of impairment by evaluating all available information using a

strength of evidence approach.  The strength of evidence approach, discussed in more detail
in Section 7, involves a logical evaluation of multiple lines (types) of evidence to assess what
information supports or does not support the likelihood that each candidate stressor is
actually a contributor to impairment.

Project goals extended beyond identifying causes of impairment, however, and included the
evaluation of source activities and the development of recommendations to mitigate the problems
identified.  In order to address all three objectives, activities conducted in the Horsepen Creek
watershed during this study were divided into three broad stages (Figure 1.2):

1. An initial reconnaissance stage, in which existing information was compiled and watershed
reconnaissance conducted.  At the conclusion of this stage, the most plausible candidate
causes of impairment were identified for further evaluation.

2. A stressor-source evaluation stage that included collection of information regarding
candidate causes of impairment; evaluation of all available information using a strength of
evidence approach; investigation of likely sources (origins) of the critical stressors.

3. The development of strategies to address the identified causes of impairment.

1.3.2 Approach to Management Recommendations

One of the goals of this assessment was to outline a course of action to address the key problems
identified during the investigation, providing local stakeholders, the CWMTF and others with the
information needed to move forward with targeted water quality improvement efforts in this
watershed.  It is DWQ’s intent that the recommendations included in this document provide
guidance that is as specific as possible given available information and the nature of the issues to
be addressed.  Where problems are multifaceted and have occurred over a long period of time,
the state of scientific understanding may not permit all actions necessary to mitigate those
impacts to be identified in advance.  In such situations an iterative process of ‘adaptive
management’ (Reckhow, 1997; USEPA, 2001) is required, in which those committed to stream
improvement efforts begin with implementation of an initial round of management actions,
followed by monitoring to determine what additional measures are needed.

Protection of streams from additional damage due to future watershed development or other
planned activities is a critical consideration.  In the absence of such protection, efforts to restore
water quality by mitigating existing impacts will often be ineffective or have only a temporary
impact.  These issues were examined during the course of the study and addressed in the
management recommendations.
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It is not the objective of this study to specify particular administrative or institutional
mechanisms for implementing remedial practices, but only to describe the types of actions that
must occur to place Horsepen Creek on the road to improvement.  It is DWQ’s hope that local
governments and other stakeholders in the Horsepen Creek watershed will work cooperatively
with each other and with state agencies to implement these measures in cost-effective ways.

The study did not develop TMDLs (total maximum daily loads) or establish pollutant loading
targets.  For many types of problems (e.g., most types of habitat degradation) TMDLs may not
be an appropriate mechanism for initiating water quality improvement.  Where specific
pollutants are identified as causes of impairment, TMDLs may be appropriate and necessary if
the problem is not otherwise addressed expeditiously.

1.3.3 Data Acquisition

While project staff made use of existing data sources during the course of the study, these were
not adequate to fully address the goals of the investigation.  Extensive data collection was
necessary to develop a more adequate base of information.  The types of data collected during
the study included:

1. Macroinvertebrate sampling.
2. Assessment of stream habitat, morphology and riparian zone condition.
3. Stream surveys--walking stream channels to identify potential pollution inputs and obtain a

broad scale perspective on channel condition.
4. Chemical sampling of stream water quality.
5. Bioassays to assess water column toxicity.
6. Chemical sampling and bioassays of stream sediment.
7. Watershed characterization--evaluation of watershed hydrologic conditions, land use, land

management activities, and potential pollution sources.
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Section 2
Description of the Horsepen Creek Watershed

2.1 Introduction

The study area (Figure 2.1) consists of the watershed of Horsepen Creek and its tributaries
upstream of US 220.  Over 75% of the 15.9 square mile drainage area is within the city limits of
Greensboro (2000 population 223,891).  About 10% of Greensboro’s area is within the Horsepen
Creek drainage, with the remainder draining to other tributaries of the Haw River and the Deep
River.  This section summarizes watershed hydrography and topography, describes current and
historical land use, and discusses potential pollutant sources.

2.2 Streams

The mainstem of Horsepen Creek in the study area (Figure 2.1) is joined by several significant,
but unnamed, tributaries.  To facilitate discussion, names have been assigned to some of these
streams for this report (Figure 2.1).  The large tributary draining the Guilford College/Price Park
area, and joining the mainstem downstream of Horsepen Creek Road, is called Price Park
Branch.  Other names assigned to tributaries include Jessup Grove Branch, King George Branch
and Sherwin Branch (Figure 2.1).  The term "urban stream" could be applied to the headwaters
and all tributaries except Jessup Grove Branch and a few others that drain less-developed areas
northwest of the mainstem.  No significant impoundments are present on the Horsepen Creek
mainstem.  On its main tributaries, the only on-stream impoundments are on the Price Park
Branch:  one of about 21 acres, upstream of New Garden Road and Bryan Boulevard; and
another at Guilford College.  Off-stream wet detention ponds are common in the recently-
developed portions of the Horsepen Creek watershed.

Horsepen Creek and its tributaries are classified by the State of North Carolina as WS-III
(drinking water supply), NSW (nutrient sensitive waters).  Exceptions are along the mainstem,
0.5 miles immediately upstream of Lake Brandt, which is WS-III, NSW, CA (within the critical
area for the water supply watershed); and an unnamed tributary and pond at Guilford College,
also WS-III, NSW, which have the additional classification of B due to the pond’s use as a
bathing lake.

North Carolina’s 2000 303(d) List records Horsepen Creek as biologically impaired from its
source to Lake Brandt.  The reasons for biological impairment in the study area had not been
determined prior to the study, although sediment has historically been listed as a parameter of
concern.

Some reaches of Horsepen Creek have been channelized (dredged and straightened) at various
times.  The purpose of this action was to drain the flat bottomlands along the stream, benefiting
agriculture and reducing malarial mosquito habitat in the early part of the 20th century.  More
recent reasons for channelizing certain reaches include accommodating road and utility
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construction and facilitating storm drainage.  Channelization has had enduring effects on the
habitat of the stream.  These effects are discussed in several of the later sections of this report.

2.3 Topography and Geology

The headwaters of Horsepen Creek are located within the City of Greensboro, just north of
Interstate 40, near Piedmont Triad International Airport (PTIA), at an elevation of about 900 feet
(274 m) above mean sea level (msl).  Topography is typical Piedmont rolling hills, highly
dissected by stream drainages.  The underlying geology at the headwaters is metamorphosed
gabbro and diorite of the Carolina Slate Belt.  The direction of flow is toward the northeast, with
a slope of about 25 feet per mile (0.47%) in the headwaters area, decreasing to less than ten feet
per mile (0.18%) downstream of Ballinger Road.  At the downstream end of the study area, the
Lake Brandt elevation is 740 feet (226 m) msl.  The underlying geology of the lower watershed
(Figure 2.1) is granite of the Charlotte Belt.  The stream’s length is divided equally between
these two underlying rock types (i.e., gabbro/diorite and granite).  Streams flowing over
gabbro/diorite generally exhibit higher dissolved solids, alkalinity and nutrients than those
flowing over granitic geology (Simmons and Heath, 1982).

Soils that make up the riparian zones of the mainstem and major tributaries of Horsepen Creek
are poorly to moderately drained and fine sandy loam in texture.  These soils, from the
Chewacla, Congaree and Wehadkee Series (Stephens, 1977), are nearly level, floodplain soils
formed in recent acidic alluvium.  For the most part, the riparian zones, as defined by the soil
type, are no greater than 250 feet in width with many stream stretches bordered by more narrow
zones.  Upland soils are in the Hiwassee-Cecil Association.  These are acidic, deep, well-drained
upland type sandy clays and clay loam located on moderately steep ridge tops and side slopes.

Precipitation averages 42 inches (1074 mm) per year at the Piedmont Triad International Airport,
with a fairly even distribution among months.  Precipitation during much of the study period was
below normal.  For November 1999 through October 2000, totals were near normal (39 inches),
although ten inches of rain fell during September 2000 and much of the rest of the year was
significantly drier than average.  Only 28 inches (14 below normal) was recorded in the 12
months from November 2000 through October 2001 (data from Southeast Regional Climate
Center, http://www.dnr.state.sc.us/water/climate/sercc/products/).

Stream discharge in this area averages 1.2 cubic feet per second (cfs) per square mile on an
annual basis, and streams are less prone to become dry during drought conditions, compared to
streams in other hydrologic areas in North Carolina (Geise and Mason, 1991).  Drainage areas of
one to three square miles, or less, in this part of the state are generally sufficient to support 7Q10
flows greater than zero (Geise and Mason, 1991).  Data from a nearby stream gage (Reedy Fork
at Oak Ridge, near Greensboro) indicate flows averaging 67% of normal during 2001.  A USGS
gage has been operational on Horsepen Creek at US 220 since 1999, a record too short for
historic comparison.

Even moderate rainfall events produce very rapid increases in streamflows, as documented at the
USGS gaging station at US 220 (see example, Figure 2.2).  The stream channel must now
accommodate stormflows that have a shorter duration, but higher flow rates, than before
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urbanization.  These more frequent high flow and high velocity conditions increase the erosive
stresses on the stream banks.

Figure 2.2  Precipitation and Stream Discharge in Horsepen Creek at US 220
(USGS gage 0209399200), July 2001
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2.4 Land Use in the Watershed

As was typical in the Piedmont of North Carolina, the entire Horsepen drainage area was likely
cleared of trees starting in the early 1800s, and then intensively farmed for cotton, tobacco, corn
and small grains (Lilly, 2002).  Significant erosion of topsoils occurred, especially on the steeper
topography.  Subsequent planting of pine trees on these gullied slopes, along with natural
reversion of old fields to forestland, has reduced the rate of soil transport to streams.  Much of
the soil eroded from hillsides was deposited in the floodplains of streams like Horsepen Creek.
More recently, construction activities have again mobilized soil from upland areas into the
streams, floodplains and Lake Brandt.

Textile manufacturing was introduced into the Greensboro area around 1830 and has been a
significant part of the area’s industrial base through the 19th and 20th centuries.  Other important
industries and activities included electronics and tobacco manufacturing, railroading, education
and insurance (Fripp, 1997).  Dairy farms were quite common in the Horsepen Creek watershed
before being displaced by urban development; a few barns and silos can still be seen, along with
a few dozen beef cattle, but no active cropland.

Current land use within the study area is predominantly urban, with significant areas of forest
and open nonforested land (e.g., managed herbaceous areas).  The most current land use/land
cover estimates available were produced for the City of Greensboro by Dewberry and Davis and
Earth Data International from 2000 aerial photography and other data sources (see Appendix C
for additional discussion).  Current land use distributions are shown in Table 2.1 and Figure 2.3
for the entire study area and for four subareas corresponding to drainage areas upstream of
mainstem benthic macroinvertebrate sampling sites (Section 4).  Starting at the headwaters,
Subarea 1 is dominated by light industrial and warehousing development and includes major
highways, airport runways and petroleum storage facilities.  Principal land cover types are
industrial and open nonforested.  Subarea 2 is much less intensely developed, with significant
open nonforested land.  Further downstream, residential areas and forest dominate much of
Subareas 3 and 4.  Some of the tributaries in the lower portion of the study area, especially along
New Garden Road and Battleground Avenue, drain areas of intense commercial and institutional
development, which are still expanding.

Impervious surfaces include areas such as rooftops, roads and parking lots that prevent
infiltration of precipitation into the soil.  As of 2000, impervious areas covered approximately
20% of the Horsepen Creek watershed (Table 2.1).  (Imperviousness estimated from 2000 aerial
photography.  See Appendix C for discussion.)  Imperviousness is generally higher in the
industrialized upper watershed (Table 2.1).  Cumulative imperviousness steadily decreased
downstream, from 37% in Subarea 1 to 20% at Subarea 4.  Examination of smaller
subcatchments (Figure 2.4) indicates high levels of imperviousness also occur in parts of the
lower study area, especially near Battleground Avenue.  The sparsely developed areas in the
northwestern part of the watershed averaged only 8% imperviousness.  Imperviousness in many
parts of the watershed has reached levels where severe impacts to stream biota can generally be
expected (Schueler, 1994).
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Table 2.1 Land Cover and Imperviousness in the Horsepen Creek Watershed*

Land Cover
Type

Subarea 1
(1343 acres)

Subarea 2
(864 acres)

Subarea 3
(2656 acres)

Subarea 4
(5332 acres)

Total Area
(10,195 acres)

Commercial 7 % 2 % 3 % 4 % 4 %

Industrial 32 % 6 % 3 % <1 % 5 %

Institutional <1 % <1 % 4 % 3 % 2 %

Residential 6 % 5 % 35 % 30 % 26 %

Forest 16 % 16 % 30 % 42 % 33 %

Woods with grass 2 % 15 % 4 % 4 % 4 %

Open nonforested 24 % 47 % 12 % 7 % 14 %

Water 1 % <1 % 1 % 1 % 1 %

Roads 12 % 10 % 9 % 9 % 10 %

Imperviousness by
Subarea

37% 14% 19% 17% 20%

Cumulative
Imperviousness

37% 28% 23% 20%

Source:  Developed by City of Greensboro based on 2000 aerial photography.  See Appendix C.
* See Figure 2.3 for subarea boundaries.

2.5 Sources of Pollution

2.5.1 Point Sources

The study area is upstream of any permitted point sources of domestic wastewater, but receives
low-volume remediated groundwater from one industry and permitted discharges of treated
stormwater from two petroleum transfer facilities.  These discharges are located in the
headwaters area of Horsepen Creek and Sherwin Branch (Figure 2.5).

2.5.2 Nonpoint Sources

In the upper drainage, the full range of urban activities and pollution sources are of potential
concern:  roads, parking lots, rooftops, lawns, industrial areas, construction sites, etc.  The list of
pollutants that have been documented to increase with urbanization includes oils, antifreeze, tars,
soaps, fertilizers, pesticides, solvents and salts (e.g., Bales et al., 1999; Burton and Pitt, 2001).

Construction.  While parts of the study area have been developed for some time, considerable
commercial, institutional and residential development has occurred in the watershed over the
past decade.  Construction activities in numerous areas were ongoing during the course of the
project.  Notable among those were the following:

•  Institutional and office buildings off New Garden Road near Bryan Boulevard
•  Shopping centers along New Garden Road
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•  Restaurants and shopping centers along Battleground Avenue
•  Institutional and commercial buildings along Horsepen Creek Road
•  Residential development near West Friendly Avenue

Erosion and sediment control measures are commonly observed at construction sites in the
watershed.  While these structures and practices, where appropriately constructed and
maintained, can significantly reduce the amount of sediment that would otherwise reach nearby
streams, actual practices are often not adequate to prevent stream impacts.  During this project,
the most extensive sediment impacts were observed near Drawbridge Parkway, associated with
Kernodle Middle School construction.  The construction project was cited by the Division of
Land Resources as being out of compliance with applicable regulations.

Industrial Stormwater.  Five industrial facilities in the study area operate under general
stormwater permits (Table 2.2 and Figure 2.5).  All five lie in the headwaters area above Radar
Road.  The permits under which these facilities operate provide some measure of water quality
protection, but do not require water quantity controls.

Table 2.2 Facilities with NPDES General Stormwater Permits Horsepen Creek Study
Area

Permit No. Facility Stream

NCG030056 Gilbarco Incorporated — Guilford Horsepen Creek

NCG050035 Pactiv Corporation — Greensboro Horsepen Creek

NCG080099 Consolidated Freightways -- GNC Horsepen Creek

NCG090004 Sherwin Williams Co — Greensboro UT to Horsepen Creek

NCG140232 Central Concrete Co — Plant #103 UT to Horsepen Creek

Numerous other industrial facilities, including manufacturing, warehouse and repair buildings
and their associated parking lots, are not required to have stormwater permits under DWQ and
EPA regulations.  Among the larger such facilities in the study area, all above Radar Road, are
the following:

•  Harris Teeter — warehouses and distribution center
•  Marconi — manufacturing
•  AMP — manufacturing
•  PPG — manufacturing
•  Convatec — manufacturing
•  Prime Source — warehouse
•  Summit Pet Products — manufacturing
•  Shamrock Gift Wrap — manufacturing
•  Unifi — warehouse/office
•  USF Holland — warehouse
•  Carrier Bryant — manufacturing
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•  APL Logistics — warehouses
•  Aircraft maintenance hangars

Piedmont Triad International Airport (PTIA) currently occupies a total of 3065 acres, including
404 acres of impervious area, along the northwest side of Horsepen Creek’s headwaters.  About
1331 acres of the airport is within the Horsepen Creek drainage area, including 167 acres of
impervious area (FAA, 2000).  Most of the remainder drains to Brush Creek and a smaller
portion to the Deep River.  The stormwater draining to Horsepen Creek from the airport enters
the creek at several points, mostly upstream of Radar Road.  Typical of metropolitan airports,
PTIA operations include a range of activities that could affect water quality, including fuel
storage, aircraft maintenance and aircraft de-icing.  Given the nature of these activities, the
facility (and related industrial activities adjacent to the airport) is potentially a source of a variety
of toxicants.

PTIA has developed a stormwater management plan and has applied to DWQ for an NPDES
Stormwater Permit, which is pending.  The airport’s stormwater control systems and procedures
are under review as part of the environmental impact process for the proposed expansion of the
airport (FAA, 2000).  Stormwater controls will be required as part of the Section 404 (wetlands)
permitting and Section 401 (Water Quality Certification) processes in order to mitigate for the
impact of the expanded facilities on streams and wetlands.

Commercial and Residential Stormwater.  Commercial and residential areas constitute 30% of
the study area.  Commercial areas are concentrated along Guilford College Road, New Garden
Road, Friendly Avenue and Battleground Avenue, all of which are on the southeastern side of
the Horsepen Creek mainstem.  Residential areas are more widely spread, but are also primarily
on the southeast side of the creek.

As is the case with industrial areas, post-construction stormwater BMPs are required for new
commercial development and residential subdivisions.  Wet detention ponds often treat runoff
from newer housing developments, shopping centers and other recently-developed areas with
large expanses of impervious surface (Exhibits 2.1 and 2.2).  Almost all such areas are served by
storm sewers.  Given the overall level of imperviousness in the watershed (20%), hydrologic
impacts on Horsepen Creek and its tributaries are likely.
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Exhibit 2.1  Stormwater pond at commercial facility off US 220 (Battleground Avenue)

Exhibit 2.2  Wet pond for high density residential development.  Sherwin Branch above Friendly Avenue.

Agriculture.  Agriculture is no longer a significant land use in the study area.  While past
agricultural practices likely resulted in large sediment inputs in this watershed, no cultivated
fields and only two small pasture areas were observed in the course of the study.  Cows had
access to the stream at one pasture area (Exhibit 2.3), a source of nutrients and bacteria to the
stream.
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Exhibit 2.3  Pasture on King George Branch below Friendly Avenue

Other nonpoint sources.  Most of the drainage area is served by municipal sanitary sewers.
Throughout much of their length, Horsepen Creek and its tributaries are paralleled by sewer
rights-of-way.  Spills of raw sewage can occur due to blockage of these sewer lines or overflows
due to stormwater infiltration or mechanical malfunction.  For the calendar year 2001, there was
only one such spill within the study area reported to DWQ by the City of Greensboro, an
estimated 2,000 gallons reaching Horsepen Creek on August 30.  This spill was caused by
damage to a sewer line during construction activities.

Longview Golf Course occupies several hundred acres upstream of Ballinger Road on both sides
of Horsepen Creek (Figure 2.5).  Typical turf management activities, including the use of
irrigation, fertilizers, pesticides and herbicides, occur there and could be a source of chemical
inputs to the stream, especially during stormflow events.

The Guilford College campus lies along Guilford College Road and Friendly Avenue.  The
campus drains to both the Price Park and King George Branches of Horsepen Creek.  Substantial
grassy areas surround the buildings and parking areas, and overall imperviousness of this campus
is comparable to a low density residential area.  Numerous other educational institutions, from
daycare centers to high schools, are scattered around the study area.  The newer schools
generally have stormwater BMP’s, while such facilities are not required at the older ones.

2.5.3 Historical Issues

Like a number of other piedmont streams, Horsepen Creek and its major tributaries have been
subject to sediment inputs and direct channel modification for over 100 years (see the
Background Note "Landscape History and Channel Alteration in the Piedmont Region").
Erosion due to clearing of the uplands for agriculture was so pervasive in the late 1800s and
early 1900s that sediment inputs typically raised the level of the stream beds by several feet.
This promoted frequent flooding and exacerbated drainage problems in the bottomlands, making
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cultivation of these fertile areas difficult.  It is likely that this sedimentation had a major impact
on stream habitat and aquatic life.

Channelization of streams was sometimes undertaken to reclaim the agricultural productivity of
bottomlands, but by drastically modifying the stream morphology this channel modification had
a negative effect on stream habitat that still persists today.  The indirect effects of channelization
can be considerable and are discussed in Section 6.

2.6 Trends in Land Use and Development

While land use in the watershed has historically been dominated by agriculture, residential,
commercial and industrial development has been increasingly important since World War II.
The population of Guilford County increased substantially during this period.  It has continued to
do so, growing by 21.2% between 1990 and 2000 to a total of 421,048 (US Bureau of the Census
data, available at http://204.211.226.33/demographics/).

The I-40 corridor has experienced particularly rapid development of commercial and light
industrial facilities in recent years, and that trend is expected to continue into the foreseeable
future.  Residential development, both high density (apartment/condominium) and low density,
will also expand to occupy land which is now in forestland and open nonforested land.  The area
northwest of Horsepen Creek, which is currently sparsely developed, seems poised for rapid
residential development.  New sewer lines are being laid in this area, which will allow for
higher-density residential development than could otherwise occur.  Impervious cover estimates
developed by Greensboro for its Horsepen Creek stormwater master plan indicate that
watershed-wide impervious surface levels will ultimately reach 30 to 40% (source:  Dewberry
and Davis, Inc), with most of the increase occurring in the area outside the city limits (current
imperviousness approximately 8%).

The proposed expansion of the Piedmont Triad International Airport, with construction occurring
as early as 2004, would involve disturbance of approximately 1059 acres and add 385 acres of
impervious area.  Most of this impact would occur in the Brush Creek drainage area.  Impacts
within the Horsepen Creek drainage are estimated at 56 acres disturbed area and 27 additional
acres of impervious area (FAA, 2000).

A proposed Outer Loop highway is planned by NCDOT that would impact a significant portion
of the Horsepen Creek drainage area.  Preliminary plans include one crossing of Horsepen Creek
(near Ballinger Road) and about six miles of the road within the drainage area, much of it in the
western portion of the watershed that is now sparsely developed.

2.7 Regulatory Issues and Local Water Quality Activities

Floodplain and sediment control programs.  Guilford County and the City of Greensboro each
have an ordinance regulating floodplain development.  The City of Greensboro and Guilford
County have Erosion and Sedimentation Control Programs.  NC DENR’s Division of Land
Resources has regulatory oversight over erosion control for government-funded construction
projects such as schools, roads and parks.
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Watershed protection programs.  Guilford County has a Watershed Protection Ordinance, passed
in 1984, to protect water quality of the water supply.  The City of Greensboro adopted a similar
ordinance in 1991.  Since 1992 local governments with planning jurisdiction in the Horsepen
Creek drainage have been subject to NC Water Supply Watershed Protection Rules.  Under
Horsepen Creek’s WS-III classification, these rules limit the types of discharges and
development density and require stormwater management practices for certain types of
development.

Guilford County, the City of Greensboro and PTIA have adopted ordinances in compliance with
the state water supply watershed regulations.  In general, stormwater controls are not required for
low density development (built upon area <24%) in the Horsepen Creek watershed.  Control of
the first inch of runoff is required for high density development.  Thirty-foot wide vegetated
buffers are required along perennial streams in low density areas.  One hundred-foot wide
vegetated buffers are required for perennial streams in high density developments.

Greensboro stormwater program.  The City of Greensboro has been subject to EPA Phase I
stormwater regulations since the mid-1990s and has developed an extensive stormwater
management program.  Greensboro’s program includes a wide range of stormwater management
services and activities, including:

•  review of stormwater plans;
•  inspection of ponds and other stormwater BMPs;
•  chemical and biological monitoring;
•  public education;
•  identification and removal of illegal connections; and
•  the implementation of capital improvement projects to address drainage problems and

other stormwater issues.

The program includes both structural and non-structural best management practices (BMPs) for
the protection of water quality (Greensboro, 2000).  Wet detention ponds are the most commonly
used BMP.  Some ponds constructed in the early years of the stormwater program were designed
to retain the first one-half inch of rainfall; the standard since 1997 is to retain the first 1.0 inches
(Greensboro, 2000).  There are currently 129 stormwater BMPs (primarily wet ponds) in the
Horsepen Creek watershed.

Greensboro stormwater master plan development.  In 1998, the City of Greensboro’s Stormwater
Management Division initiated a program known as the Dynamic Watershed Management
Project (DWM).  The objective of the DWM project is to develop and implement a watershed-
based management framework to effectively address a variety of stormwater related issues.
These issues include floodplain management, flood hazard mitigation, biological protection and
restoration, and protection of drinking water supplies.  To support this initiative the City has
undertaken a variety of data collection efforts and has recently completed a citywide GIS-based
inventory of the stormwater conveyance system.

In order to compile and analyze this information as a basis for decision making, the City is
developing watershed master plans for the six major watersheds within its jurisdiction.  The goal
of these plans is to identify the significant water quantity and quality problems in each watershed
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and to develop and prioritize solutions.  Solutions may range from new structural capital
projects, such as constructed stormwater wetlands, to amending ordinances and expanding
programmatic initiatives.  As a part of the development of the master plan for the Horsepen
Creek watershed, the City has been working with DWQ’s Watershed Assessment and
Restoration Project (WARP) to exchange data and ideas for restoration/BMP opportunities.  The
City intends to use the findings and recommendations of DWQ’s current investigation of
Horsepen Creek as a basis for targeting specific water quality BMPs and management strategies.

Phase II stormwater--Guilford County.  EPA has developed a Phase II stormwater program,
mandating that small communities not previously subject to federal stormwater requirements
apply for permit coverage.  Communities in urbanized areas designated by the US Bureau of the
Census must apply for stormwater permit coverage by March 2003.  Guilford County has been
so designated.  The federal regulations discuss development and implementation of
comprehensive stormwater management programs including six minimum measures:  1) public
education and outreach on stormwater impacts; 2) public involvement/participation; 3) illicit
discharge detection and elimination; 4) construction site stormwater runoff control; 5) post-
construction stormwater management for new development and redevelopment; and 6) pollution
prevention/good housekeeping for municipal operations.  In October 2002, the NC
Environmental Management Commission passed a temporary rule governing the implementation
of the Phase II program in the state.  Phase I jurisdictions such as Greensboro will also be subject
to the six minimum measures that are part of the Phase II program.

Other initiatives.  The Cape Fear River Headwaters Group was formed in the fall of 1999 with
the goal of determining the major water quality issues in this region and identifying projects the
group can conduct to address these issues.  The group consists of representatives from local
governments, area universities, the Cape Fear River Assembly, DWQ, the Triangle J Council of
Governments, and the Piedmont Triad Council of Governments.

The Haw River Assembly, a citizens group founded to restore and protect the Haw River and
Jordan Lake, conducts periodic water quality monitoring in Horsepen Creek.

Other concerns.  Eutrophic conditions have existed for a number of years in Lake Brandt and
downstream in B. Everett Jordan Reservoir.  To address eutrophication in Jordan Reservoir, the
Haw River and its tributaries have been designated Nutrient Sensitive Waters, and DWQ has
developed a nutrient control strategy for the watershed.  For further information on the strategy,
see the current Cape Fear River Basinwide Water Quality Management Plan  (NCDWQ, 2000b).
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☛ Background Note: Landscape History and Channel Alteration
 in the Piedmont Region

The condition of stream channels today depends not only on current watershed activities, but on historical land uses
and management activities as well.  The landscape of North Carolina’s Piedmont region, like much of the southern
Piedmont, has been substantially altered over the past 200 years.  These changes have had major impacts on past
stream conditions and continue to affect how channel networks today react to ongoing watershed activities.  While
circumstances vary from one place to another, the basic outline of these historical changes is widely accepted (see
Ferguson, 1997; Wilson, 1983; Jacobson and Coleman 1986; Simmons, 1993; Richter et al., 1995).

•  Following widespread clearing of forests in the 19th century and subsequent intensive agricultural land use,
extensive erosion of upland areas occurred throughout the southern Piedmont region.  Conservation practices
were virtually unknown prior to the 1930s (Trimble, 1974; Healy, 1985).

•  The extent of cleared land peaked in the late 19th and early 20th centuries.  For a variety of reasons, the amount
of cultivated land in many parts of the Piedmont began to decline in the 1920s and 1930s, a trend that continues
today.  Much of this former cropland reverted to forest.

•  With the advent of the soil conservation movement in the 1930s, tillage practices began to improve on the
remaining cropland.

•  During the period of most intensive agricultural activity, sediment filled many stream channels.  The
floodplains and lowland riparian corridors of many 3rd order and larger streams often aggraded (increased in
elevation) by several feet to several meters in height due to the large volume of eroded soil transported from
upland areas (e.g., see Wilson, 1983; Ferguson, 1997).

•  Once upland erosion declined, streams began the process of removing the accumulated sediment.  High
sediment loads persisted for many years following the reduction in upland erosion as streams reworked the
sediment stored on hill slopes and floodplains and within stream channels (Meade, 1982; Meade and Trimble,
1974).

•  In many rural areas streams have substantially recovered from this sedimentation.  They have restabilized and
may now support healthy populations of fish and macroinvertebrates.  These streams have not necessarily
returned to their former condition, however, but often remain incised and retain a more sandy appearance than
previously.  In other rural areas the process of recovery still continues.

In addition to the stresses imposed by historic agricultural impacts, many streams have also been channelized
(straightened, deepened or realigned) to reduce flooding or to maximize the land available for farming.
Channelization often induces substantial sedimentation due to subsequent stream downcutting and widening.  In
some cases, entire channel networks, which had previously filled with sediment, were channelized and remain
unstable decades later.

Many of these watersheds have since undergone, or are currently experiencing, significant development as the
Piedmont continues to grow.  The major hydrologic changes that accompany development and the resulting physical
and biological deterioration of stream channels are well known.  The impact of urbanization is often made worse,
however, by the persistent effects of historical practices.  Many streams are already incised and subject to ongoing
bank erosion and sedimentation due to prior impacts from agricultural erosion and channel modification, leaving
them extremely vulnerable to the altered hydrology brought on by urban and suburban growth.  In highly impacted
watersheds, the relative effects of these various disturbances can be difficult if not impossible to distinguish.  It is
clear, however, that the legacy of past land use practices is still with us, and that we cannot understand the current
condition of many impaired streams without understanding the history of their watersheds.
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Section 3
Potential Causes of Biological Impairment

The study identified those factors that were plausible causes of biological impairment in the
Horsepen Creek watershed using both biological assessment and watershed-based approaches.
An evaluation of benthic community data and other biological and habitat indicators can point
toward general types of stressors that may likely impact aquatic biota.  These stressors were
flagged for further investigation.  Land uses and activities in the Horsepen Creek watershed were
also examined to identify potential stressors for further evaluation.

3.1 Key Stressors Evaluated in the Horsepen Creek Watershed

Initial reconnaissance indicated that the headwaters area had a high concentration of industrial
development and imperviousness, which could be sources of chemical and hydrologic stressors.
Below the headwaters, much of the stream had degraded habitat.  Habitat issues included banks
that were severely eroding, a bottom substrate that consisted largely of shifting sand and very
few riffles.  These habitat characteristics represent an inhospitable environment for aquatic
invertebrates and fish, even if water quality factors are favorable.

The following were evaluated as the most plausible candidate causes of impairment in Horsepen
Creek.

1.  Habitat degradation due to sedimentation.  Habitat degradation due to sedimentation
manifests itself in the loss of pools, burial of riffles, and high levels of substrate instability.
Excess sedimentation was historically listed as a problem parameter for Horsepen Creek on the
303(d) list.

2.  Habitat degradation due to lack of key microhabitat.  Preliminary watershed investigations
indicated that important microhabitats, such as woody debris, leafpacks and root mats may be
present in only limited amounts in Horsepen Creek.

3.  Stormflow scour.  Highly developed watersheds, such as the Horsepen Creek drainage, often
experience rapid changes in streamflows during storms, along with increased velocities.
Increased levels of impervious cover cause increases in the volume and energy of stormflows,
which can scour aquatic macroinvertebrates and some habitats from the stream.

 4.  Organic enrichment.  Organic enrichment can affect stream biota in several ways.  Excessive
amounts of organic matter (oxygen-consuming wastes and nutrients) from human or animal
waste can increase the microbial activity to levels that significantly reduce the amount of oxygen
in a stream.  Adequate dissolved oxygen is essential to aquatic communities; only certain aquatic
invertebrates are able to tolerate low oxygen levels.  Excess organic loading can thus result in a
distinct change in community composition due to both a change in food source and low
dissolved oxygen levels.  Given the presence of potential sources and the low gradient of some
portions of the stream, the potential impacts of oxygen-consuming wastes and nutrients were also
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evaluated.  The scarcity of riffles could also be a concern, possibly limiting reaeration in the
creek.

Even if nutrients are not a source of stream impairment in this watershed, nutrient inputs from all
watersheds in the Haw River drainage are important, given current eutrophication concerns in B.
Everett Jordan Lake and in the Cape Fear River downstream.  More locally, Horsepen Creek
flows into Lake Brandt, which is also eutrophic.

5.  Toxic chemicals.  Especially in the upper portion of the study area--which includes substantial
drainage from industrial areas--there is a significant potential for a wide variety of toxicants to
enter streams during rain events or site-specific mishaps (see Section 2.5).  These include metals,
pesticides and a range of other organic chemicals.  Because of the wide range of potential
toxicants and source activities in this watershed, toxicity merited further evaluation as a potential
cause of impairment.
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Section 4
Biological Conditions and Stream Habitat

Biological assessment (bioassessment) involves the collection of stream organisms and the
evaluation of community diversity and composition to assess water quality and ecological
conditions.  Evaluation of habitat conditions at sampling locations is an important component of
bioassessment.

Prior to this study, DWQ’s Biological Assessment Unit collected benthic macroinvertebrate
samples from Horsepen Creek at two sites in the study area.  The macroinvertebrate community
in Horsepen Creek at US 220, at the downstream end of the study area, was rated Good-Fair (not
impaired) in 1986 and Fair (impaired) in 1993 and 1998.  At a small unnamed tributary to King
George Branch, crossed by West Friendly Avenue, benthos were sampled in 1992 and 1998, but
the stream was too small to rate with the current bioclassification system.  In 1992, it was
severely impacted by urban nonpoint sources and improved only marginally by 1998.  The City
of Greensboro’s Stormwater Management Division has also collected benthic and fish data,
which will be discussed in this section.  DWQ has not collected fish community data in the
Horsepen Creek watershed.

Additional benthic community sampling was conducted during the present study to serve several
purposes:

•  To account for any changes in biological condition since the watershed was last sampled.
•  To obtain more specific information on the actual spatial extent of impairment.
•  To better understand which portions of the watershed may be contributing to biological

impairment and which areas are in good ecological condition.
•  To collect additional information to support a biologically driven identification of likely

stressors.

This section describes the approach to bioassessment used during the study and summarizes the
results of this work.  Additional photographs of the sampling sites and a more detailed analysis
of the condition of aquatic macroinvertebrate communities in the Horsepen Creek watershed may
be found in Appendix A.

4.1 Approach to Biological and Habitat Assessment

Biologists surveyed macroinvertebrate communities and aquatic habitat at four locations on the
mainstem of Horsepen Creek, plus three locations on tributary streams and one location on a
reference stream outside of the study area (Figure 4.1).  Sites are described in Section 4.2.  The
reference stream does not represent undisturbed conditions, but serves as a comparison site in a
less impacted watershed within the same ecoregion and general geology as Horsepen Creek.  The
sampling was done in June 2000 and in April and July 2001.

Ideally sites would be located both upstream and downstream of all major sources of potential
stress to aquatic organisms, such as road construction, industrial stormwater runoff, and general
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urbanization.  This was not feasible due to the widespread nature of potential nonpoint source
inputs.  It was not possible to sample upstream of all urban nonpoint sources, since the
headwaters are between an industrial/commercial area and a large airport, inside the city limits of
Greensboro.

4.1.1 Benthic Community Sampling and Rating Methods

Macroinvertebrate sampling was carried out using the general procedures outlined in the
Division’s standard operating procedures (NCDWQ, 2001b).  Reaches approximately 100 meters
(328 feet) long were targeted, although the actual stream length sampled varied with site
conditions.  Standard qualitative sampling was used for most sites.  This method included ten
samples:  two kick-net samples, three bank sweeps, two rock or log washes, one sand sample,
one leaf pack sample, and visual collections from large rocks and logs.  At smaller stream sites
the abbreviated Qual 4 and Qual 5 methods were used.  The Qual 4, which has been used by
DWQ to sample small streams for some time, involved four samples:  one kick, one sweep, one
leaf pack and visual collections.  The Qual 5 was similar to the Qual 4 but also includes a rock or
log wash.  Use of the Qual 5 was initiated part way through the study to allow for a better
characterization of the midge population than is possible using the Qual 4.  Organisms were
identified to genus and/or species.

Two primary indicators or metrics are derived from macroinvertebrate community data:  the
diversity of a more sensitive subset of the invertebrate fauna is evaluated using EPT taxa
richness counts; and the pollution tolerance of those organisms present is evaluated using a biotic
index (BI).  "EPT" is an abbreviation for Ephemeroptera + Plecoptera + Trichoptera (mayflies,
stoneflies and caddisflies), insect groups that are generally intolerant of many kinds of pollution.
Generally, the higher the EPT number, the more healthy the benthic community.  A low biotic
index value indicates a community dominated by taxa that are relatively sensitive to pollution
and other disturbances (intolerant).  Thus, the lower the BI number, the more healthy the benthic
community.

Biotic index values are combined with EPT taxa richness ratings to produce a final
bioclassification (Excellent, Good, Good-Fair, Fair or Poor).  Final bioclassifications are used to
determine if a stream is impaired.  Streams with bioclassifications of Excellent, Good and Good-
Fair are all considered unimpaired.  Those with Fair and Poor ratings are considered impaired.
Under current DWQ policy, streams under four meters in width are generally not formally rated
but are evaluated qualitatively based on professional judgment.  Small streams sampled using
the Qual 4 method that have scores consistent with a Good-Fair or better rating are labeled as
‘not impaired’.  An adequate data base has not yet been assembled to allow formal ratings to be
applied to streams sampled using the Qual 5 method.  These sites are evaluated based on
professional judgement.

The use of Chironomus mentum (mouth structure) deformities is a good tool for toxicity
screening (Lenat, 1993).  At least 20-25 Chironomus are evaluated for deformities and a "toxic
score" is computed for each site.  DWQ data have shown the percent deformities for sites rated
Excellent, Good and Good-Fair averaged about 5%, with a mean toxic score of about 7.  Sites
with Fair and Poor bioclassifications with stressors considered nontoxic were combined into a
polluted/nontoxic group, with a deformity rate of 12% and a mean toxic score of 18.  "Nontoxic"
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conditions for this group include solely organic discharges (animal wastes) and natural organic
loading (swamps).  Finally, sites affected by a toxic stressor had higher deformity rates.  A
Fair/Toxic group had a 25% deformity rate and a mean toxic score of 52.  A further significant
increase was seen for the Poor/Toxic group:  mean deformity rate = 45%, mean toxic score =
100.  In Horsepen Creek, sufficient numbers of Chironomus for the deformity analysis were
collected at three locations:  SR 2145 (Ballinger Road), Bledsoe Drive, and US 220
(Battleground Avenue).

4.1.2 Habitat Assessment Methods

At the time benthic community sampling was carried out, stream habitat and riparian area
conditions were evaluated for each reach using DWQ’s standard habitat assessment protocol for
piedmont streams (NCDWQ, 2001b).  This protocol rates the aquatic habitat of the sampled
reach by adding the scores of a suite of local (reach scale) habitat factors relevant to fish and/or
macroinvertebrates.  Total scores range from zero (worst) to 100 (best).  Individual factors
include (maximum factor score in parenthesis):

•  channel modification (5);
•  in-stream habitat variety and area available for colonization (20);
•  bottom substrate type and embeddedness (15);
•  pool variety and frequency (10);
•  riffle frequency and size (16);
•  bank stability and vegetation (14);
•  light penetration/canopy coverage (10); and
•  riparian zone width and integrity (10).

4.2 Findings

4.2.1 Description

Selected habitat and biological characteristics for each site sampled during the study are shown
in Table 4.1, which also includes information on historical sites not sampled during this
investigation.  Some streams were too small to be given a formal rating (bioclassification).  A
narrative summary of conditions at each current site follows.  See Appendix A for additional
details.

Horsepen Creek Mainstem:
•  Horsepen Creek at Radar Road.  This site was chosen for its favorable riffle habitat and its

upstream location (Exhibit 4.1).  While too small to rate, Horsepen Creek was clearly highly
impacted at this upstream location.  Benthos were sparse in number and low in taxonomic
richness.  Species present here were those known to be tolerant of a host of general stressors.
A toxicity rating could not be assigned due to the insufficient numbers of Chironomus
specimens collected.  Habitat was relatively good, with a variety of boulder, rubble, gravel,
sand and organic substrates.  Riffles were frequent and bank erosion was slight to moderate.
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Other noted features were abundant periphyton growth and relatively high specific
conductance.  Imperviousness of the drainage area for this site was 37% (Section 2).

•  Horsepen Creek at SR 2145 (Ballinger Road).  This location was chosen because it was
further downstream from the industrial area of the Radar Road site, and also downstream of
the Longview Golf Course.  This location was too small for a formal rating but clearly
supported only a highly degraded benthic population dominated by tolerant organisms,
including indicators of both toxic and organic inputs.  In June 2000, this location was
assigned a Toxic—Poor rating (score = 85) based on Chironomus deformities.  Substrate
was predominately sand.  Other characteristics included:  few riffles; shallow pools; 2.5 m (8
ft) high banks; moderate erosion.  Imperviousness of the cumulative drainage area for this
site was 28% (Section 2).

•  Horsepen Creek at Bledsoe Drive.  This site was chosen because of its mid-watershed
location.  Land use between Ballinger Road and this site was mostly residential.  The larger
size of the stream at this site allowed for a formal bioclassification rating, which was Poor.
A toxicity rating was also given based on Chironomus deformities of Toxic—Fair (score =
47).  Taxonomic indicators of toxicity, low DO, enrichment and general stressors were also
noted.  Substrate was predominately sand.  Other characteristics included:  no riffles; shallow
pools; 2 m (6 ft) high, steep banks; moderate to severe erosion (Exhibit 4.2).  The stream was
evidently channelized in this area.  Imperviousness of the cumulative drainage area for this
site was 23% (Section 2).

•  Horsepen Creek at US 220 (Battleground Avenue).  This site was sampled twice in this study
and three times in previous years and was the most downstream location sampled.  Land use
between Bledsoe Drive and this site was mostly residential and commercial.
Bioclassification was Fair for both current samplings.  A toxicity rating of Not Toxic (score
= 0) was also given for the June 2000 sampling, although taxonomic indicators of toxicity
were noted.  Other taxa were indicative of general stressors, low DO and enrichment.
Although the benthic community was degraded here, both EPT richness and BI values were
better than all upstream mainstem locations.  Substrate was predominately sand.  Other
characteristics included the following:  no riffles; shallow pools; 2 m (6 ft) high, steep banks;
moderate to severe erosion.  Imperviousness of the cumulative drainage area for this site was
20% (Section 2).
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Exhibit 4.1  Horsepen Creek at Radar Road

Exhibit 4.2  Horsepen Creek at Bledsoe Drive
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Tributaries:
•  King George Branch at West Friendly Avenue (near Nora Drive).  This tributary joins

Horsepen Creek just downstream of the sampling site at SR 2145 (Ballinger Road), but the
branch sampling site is one mile upstream of the confluence.  Land use above this site is
mostly residential.  The stream was too small to give a formal bioclassification rating, but
generally appeared to support a benthic community that was better than the Radar Road site
and similar to the Ballinger Road mainstem site.  No toxicity rating was given.  Substrate was
primarily boulder and rubble, with minor amounts of sand and gravel.  Woody debris was
common and riffles were present.  Banks were riprapped and erosion minor.

•  Jessup Grove Branch at Chance Road.  This small tributary is located on the northwest side
of the mainstem, with a sparsely developed drainage area (imperviousness of approximately
4%).  It enters Horsepen Creek just downstream of the Bledsoe Drive sampling site.  The
creek was too small to rate, but its numerical scores were similar to those of the reference site
on Reedy Fork Creek, and clearly better than any of the sites on the Horsepen Creek
mainstem or other tributaries.  Substrate was primarily sand.  Sticks, logs and leaves were
abundant.  Riffles were infrequent though present.  Banks were low and erosion minor to
moderate (Exhibit 4.3).

•  Price Park Branch at Crosstimbers Drive.  This tributary, the largest in the study area, enters
Horsepen Creek between the Bledsoe Drive and US 220 sampling sites (Exhibit 4.4).  Its
drainage area is primarily residential, although some commercial areas are present, and
Guilford College is located in the headwaters.  Active construction sites were common
during the study.  The creek was too small to rate, but the benthic community generally
resembled the US 220 site, which rated as Fair (impaired).  Taxa that were present in
appreciable numbers were those known to be tolerant of a host of general stressors rather
than specific indicators.  Substrate was mostly sand, with significant gravel and organic
substrates; riffles and bends were common, but pools infrequent.  Bank erosion was moderate
and riparian vegetation was in good condition.

Reference Stream:
•  Reedy Fork Creek at SR 2128 (Bunch Road near Oak Ridge).  This site was chosen because

of the limited amount of development in its watershed.  Watershed area, geology and
ecoregion are similar to Horsepen Creek at US 220.  This site was sampled using standard
qualitative methods and was given a Good bioclassification.  Taxa present were
representative of a healthy community, with no taxonomic indicators of major stressors.
Substrate was mostly sand and organic substrates, and its habitat score was relatively low, in
part due to the sandy substrate and the lack of riffles.  However, many microhabitats (woody
debris, leaves, rootmats) were more common than in Horsepen Creek.  Specific conductance
here was lower than at any of the Horsepen Creek sampling sites.  Other characteristics
included:  occasional pools; banks moderately sloped; good riparian vegetation; moderate to
severe bank erosion.
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Exhibit 4.3  Jessup Grove Branch at Chance Road

Exhibit 4.4  Price Park Branch at Crosstimbers Drive
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4.3 City of Greensboro Data

Benthic macroinvertebrates and fish have been sampled at Horsepen Creek by City of
Greensboro personnel.  Three sites were sampled for benthos in 1997, including locations
coinciding with the DWQ Radar Road and US 220 sites.  The third site was at Horsepen Creek
Road, between the DWQ Bledsoe Drive and US 220 locations.  The Radar Road location was
rated Good-Fair and the other two sites were rated Good.  These ratings were higher than those
found in this or previous DWQ studies.

In 1999, the US 220 site was sampled again for benthos and was rated Fair.  Fish sampling was
also conducted at the US 220 site in 1999, and the NC Index of Biological Integrity rating was
Poor.

4.4 Summary of Conditions and Nature of Impairment

Habitat throughout the study area was relatively poor at most sites, and was characterized by
infrequent riffles, unstable substrate and banks and limited microhabitat.  The stream bottom
contained a high percentage of sand at most sampling locations; only the locations at Radar Road
(furthest upstream) on the mainstem, and the branches at West Friendly Avenue and
Crosstimbers Drive were estimated at less than 80% sand.  Bank erosion was moderate to severe
at most sampling locations.  Historic channelization was evident at some sites.

There is evidence that biological condition in the mainstem has declined since the 1980s.
Horsepen Creek at US 220 received a Good-Fair rating in 1986, declined to Fair in 1993, and
remained Fair in 1998, 2000 and 2001.  The results of the current surveys indicated that the
benthic communities are impaired throughout almost the entire Horsepen Creek drainage area
and are generally in Fair or Poor condition; a small tributary draining an undeveloped portion of
the watershed was the only exception.  EPT diversity was generally low and BI values indicated
the presence of many organisms adapted to diverse stresses.  Toxicity was strongly indicated at
several upper mainstem locations by both taxonomic composition and Chironomus deformities.
Evidence of toxicity decreased downstream and was much less evident at US 220 and the three
tributary sites.  The composition of the benthic community provides indications that organic
enrichment and low DO are also a concern in the study area, but interpretation was confounded
by drought conditions throughout most of the study period.  Significant in-stream habitat
degradation is also evident at most sites, although habitat is probably capable of supporting a
somewhat more diverse benthic community than currently exists.
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Table 4.1 Selected Benthic Community and Habitat Characteristics1, Horsepen Creek Study Sites

Location Date
Stream
Width
 (m) 2

Substrate
Percent

sand and
silt3

Habitat
Score

(max. of
100)4

EPT5

Taxa
Richness

EPT5

Biotic
Index

Midge
Deformity

Score5
Bioclassification5

Horsepen Creek  at Radar Road 6/14/00 2 30 67 3 7.00 Not Rated*

4/19/01 3 35 62 3 6.78 Not Rated**

Horsepen Creek  at SR 2145
(Ballinger Road)

6/14/00 3 70 45 7 6.97 85
(Poor)

Not Rated

7/12/01 2 80 54 5 6.88 Not Rated**

Horsepen Creek at Bledsoe Drive 6/6/00 4 90 58 4 6.72 47
(Fair)

Poor

Horsepen Creek at US 220
(Battleground Avenue)

4/29/86 4.5 90 22 5.13 Good-Fair

7/14/93 5 90 9 6.10 Fair

7/18/98 5 85 7 6.45 Fair

6/6/00 4 90 53 7 6.42 0
(Not Toxic)

Fair   

7/12/01 4 90 46 6 5.68 Fair

King George Branch at
West Friendly Avenue

9/28/92 1.5 30 4 Not Rated

9/3/98 2 15 6 Not Rated

4/19/01 2 5 63 6 6.89 Not Rated**

Jessup Grove Branch at Chance Road 7/12/01 1 85 62 13 4.17 Not Rated**

Price Park Branch at Crosstimbers Drive 7/12/01 4 65 73 5 6.84 Not Rated**

Reedy Fork Creek at SR 2128 (Bunch Road) 7/13/01 6 80 55 21 4.77 Good

1. Habitat data available for 2000 and 2001 samples only.
2. Wetted channel width at time of sampling.
3. Based on visual estimate of substrate size distribution.
4. See text for list of component factors.
5. See text for description.
* Qual 4 method.  See text for discussion.
** Qual 5 method.  See text for discussion.
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Section 5
Chemical and Toxicological Conditions

Water quality assessment provides information to evaluate whether chemical and physical
conditions contribute to suboptimal benthic communities.  Two broad purposes of this
monitoring are:

1. To provide a synoptic characterization of water quality conditions in the watershed.
2. To collect a range of chemical, physical and toxicity data to evaluate the specific causes of

impairment and to identify pollution sources.

This section summarizes the sampling and data collection approach used and discusses key
monitoring results.  See Appendix B for a more detailed discussion of methodological issues and
additional results.

Data collected by the City of Greensboro are also summarized in this section.  Greensboro’s
Stormwater Management Division collects stormflow grab and flow-weighted composite
samples and baseflow grab samples from Horsepen Creek at Battleground Avenue (US 220).
The City also collects baseflow grab samples upstream on Horsepen Creek at Old Oak Ridge
Road.  From 1999-2000, Greensboro collaborated on a pesticide study with the Water Resources
Research Institute (WRRI) and North Carolina State University (NCSU).

5.1 Approach to Chemical, Physical and Toxicity Sampling

5.1.1 General Approach

General Water Quality Characterization.  One integrator station located at the downstream end of
the watershed was sampled on a near monthly basis to characterize water quality conditions (see
Section 5.1.2 for site locations).  Samples were collected nine times between January and
October 2001.  A standard set of parameters similar to those evaluated at DWQ ambient stations
was utilized (see Appendix B).  Grab samples were collected during both baseflow and storm
conditions.  Baseflow periods were defined as those in which no measurable rain fell in the
watershed during the 48-hour period preceding sampling.  Storm samples were collected on the
rising stage of the hydrograph.  Fecal coliform samples were collected under baseflow conditions
on five occasions between August 8 and September 12, 2000.

Stressor and Source Evaluation.  Samples were collected at a variety of locations in order to
identify major chemical/physical stressors to which aquatic biota were exposed, evaluate toxicity
and assess major sources.  Station locations for stressor identification sampling were linked
closely to areas of known biological impairment (benthic macroinvertebrate sampling stations)
and to specific watershed activities believed to represent potential sources of impairment.  Both
storm and baseflow samples were collected during a monitoring period extending from January
to October 2001.  Either time-weighted composite or grab samples were collected during storm
conditions.  Grab samples were collected in baseflow conditions.
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Sampling focused primarily on those physical and chemical parameters that preliminary
investigations indicated merited investigation as plausible causes of biological impairment.
These included low dissolved oxygen, nutrients and toxicity from a variety of potential sources,
as discussed in Section 3.  Because of the diverse land use in the Horsepen Creek watershed and
the wide variety of activities that could potentially result in toxicity, storm event sampling
included a wide range of pollutants, including the following:

•  metals;
•  chlorinated pesticides and PCBs (polychlorinated biphenyls; EPA Method 608);
•  selected current use pesticides (GC/MS—gas chromatography/mass spectroscopy);
•  PAHs (polycyclic aromatic hydrocarbons; EPA Method 610);
•  phenols (EPA Method 604);
•  semi-volatile organics (EPA Method 625);
•  MBAS (methylene blue active substances, an indicator of anionic surfactants); and
•  MTBE (methyl tert-butyl ether).

Ambient toxicity tests (bioassays) were conducted on samples collected at selected benthic
macroinvertebrate sampling sites to evaluate whether toxic conditions were present at those
locations.  Multiple tests were conducted at each site evaluated.  Laboratory bioassays provide a
method of assessing the presence of toxicity from either single or multiple pollutants and can be
useful for assessing the cumulative effect of multiple chemical stressors.  Acute tests were
conducted on storm samples, while chronic tests were conducted on samples collected during
nonstorm periods.  The following specific tests were used:  ambient tests for acute toxicity using
protocols defined as definitive in USEPA document EPA/600/4-90/027F (USEPA, 1993) using
Ceriodaphnia dubia with a 48-hour exposure; ambient tests for chronic toxicity using the North
Carolina Ceriodaphnia Chronic Effluent Toxicity Procedure (NC Division of Water Quality,
1998).  All toxicity test samples were collected and transported in glass containers.

Field measurements (pH, dissolved oxygen, specific conductance standardized to 25 degrees C
and temperature) were made on numerous occasions at locations throughout the watershed to
further characterize water quality conditions and to investigate potential stressor source areas.
Data sondes--multiparameter probes with a data logging capability--were deployed
simultaneously for three days in July 2001 at four locations in the watershed.  Dissolved oxygen
(DO), pH, water temperature, and specific conductance were recorded on a quarter-hourly basis.

Extended in-stream monitoring to evaluate long-term exposure to pollutants was conducted using
semi-permeable membrane devices (SPMDs).  These are passive sampling devices that
accumulate hydrophobic organic pollutants to which the devices are exposed during deployment
(see Appendix B for additional details).  SPMDs were deployed at two locations during October
and November 2001.  The SPMDs were analyzed for PAHs, PCBs, chlorinated pesticides and
selected current use pesticides.

Bed sediment was collected from the Horsepen Creek mainstem at Ballinger Road and Bledsoe
Drive.  Sediments were analyzed for pesticides, metals, PAHs, PCBs, semi-volatile organic
pollutants and chronic toxicity.  A forty-two day chronic toxicity bioassay was performed using
Hyallela azteca as described in ASTM (2000) and USEPA (2000b).
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Water and Sediment Benchmarks.  In order to help evaluate whether a significant likelihood
existed that observed concentrations may have a negative impact on aquatic life, measured
concentrations were compared to EPA’s National Ambient Water Quality Criteria (NAWQC) for
freshwater (USEPA, 1999) and Tier II benchmarks (USEPA, 1995).  Metals benchmarks were
adjusted for hardness where appropriate (USEPA, 1999).  For chromium, the NAWQC for Cr VI
was used.  The use of NAWQC and other benchmarks is discussed in more detail in Appendix B.

Sediment data were compared to a set of sediment benchmarks used by the DWQ Aquatic
Toxicology Unit (see Appendix B).  They were grouped into conservative and non-conservative
ranges in the manner of MacDonald et al. (2000).  Conservative ranges (‘no or low effects’
benchmarks) are sets of threshold values, below which there is low probability of toxicity.
Region 4 USEPA values are included in the set of conservative values, but they are also
presented by themselves because the DWQ Aquatic Toxicology Unit uses these as initial
screening benchmarks.  Non-conservative ranges (‘probable effects’ benchmarks) are sets of
values above which there is a high probability of toxicity.  If a measured value falls between the
low value of the conservative range and the high value of the non-conservative range, it is
possible that it is toxic, with higher concentrations indicating an increased probability of toxicity.

Benchmarks were used for initial screening of potential impacts.  Final evaluation of the likely
potential for pollutants to negatively impact aquatic biota considered all lines of evidence
available, including toxicity bioassays and benthic macroinvertebrate data, in addition to data on
analyte concentrations.

5.1.2 Site Selection

Primary sampling stations (Figure 5.1 and Table 5.1) were chosen based on several criteria:
accessibility, proximity to benthic sampling sites, proximity to key sources and source areas.
Major chemical and toxicological sampling sites are listed below.  Some were also sampled for
benthic macroinvertebrates and were described in Section 4.

•  Horsepen Creek at Battleground Avenue-US 220 (HPHP01).  This site was located at the
downstream end of the study area and served as the integrator location.  Stressor
identification and toxicity sampling were also conducted at this site because of its location
downstream of commercial and rapidly developing areas.  The site was a biological
monitoring location, a SPMD deployment location, City of Greensboro monitoring location
and a USGS gage (No. 0209399200).

•  Horsepen Creek at Ballinger Road (HPHP02).  This site was approximately three miles
upstream of HPHP01 and served primarily as a stressor and toxicity sampling location.  This
site was a biological monitoring location and bed sediment sampling site.  This site was
chosen because of its location downstream of Piedmont Triad International Airport, fuel
storage tanks and Long View Golf Course.

•  Price Park Branch at Crosstimbers Drive (HPHP03).  This tributary, the largest in the
Horsepen Creek watershed, drains to Horsepen Creek approximately one mile upstream of
HPHP01.  The monitoring location is approximately a half-mile upstream of the confluence.
Primarily field parameters were collected at this location, which was also a biological
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monitoring site.  This site was chosen because of its location downstream of a rapidly
developing commercial/residential area and of its large size.

•  Horsepen Creek at Bledsoe Drive (HPHP04).  This site is approximately 2.25 miles
upstream of HPHP01.  This site was chosen to evaluate biological indicators of toxicity.
SPMDs were deployed at this location and bed sediment samples were also collected.

•  King George Branch at Ballinger Road (HPHP05).  This site was located approximately
three miles upstream of HPHP01.  Suspended sediment samples were collected at this
location along with field parameters.  This site was chosen because of its location at the
mouth of a major tributary.

•  Horsepen Creek at Radar Road (HPHP07).  This site was located approximately one mile
upstream of HPHP02.  Biological monitoring was conducted at this location.  This site was
chosen because of its location downstream from fuel storage tanks, a groundwater
remediation facility and the Piedmont Triad International Airport.

•  Horsepen Creek at Old Friendly Road (HPHP08).  This site was located approximately one
mile upstream of HPHP07.  Field parameters and metals were evaluated at this location,
where Horsepen Creek first emerges from the storm sewer system.

•  Sherwin Branch at Chimney Rock Road (HPHP11).  This site was located approximately a
quarter mile upstream of the confluence with Horsepen Creek and upstream of HPHP07.
This site was chosen because of its location downstream of several industrial facilities.
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Table 5.1 Summary of Monitoring Approaches at Primary Sampling Sites

Station
 Code

Location Benthos
Water

Quality1
Toxicity
(water)

Bed
Sediment

SPMD2 Suspended
Sediment3

Data
Sonde4

HPHP01
Horsepen Creek at
Battleground Avenue (US 220) � � + � � � 

HPHP02
Horsepen Creek at
Ballinger Road � � � � � � 

HPHP03
Price Park Branch at
Cross Timbers Drive � � � 

HPHP04
Horsepen Creek at
Bledsoe Drive � � � � � 

HPHP05
King George Branch at
Ballinger Road � � 

HPJG01
Jessup Grove Branch at
Chance Road � 

HPKG01
King George Branch at
West Friendly Avenue � 

HPHP07
Horsepen Creek at
Radar Road � � � 

HPHP08
Horsepen Creek at
Old Friendly Road � 

HPHP11
Sherwin Branch at
Chimney Rock Road � � 

HPRF01
Reedy Fork Creek at
Bunch Road (SR 2128) � ++

Note:  For comprehensiveness, this table includes both chemical/physical and benthic community sampling locations.

1. Includes sample collection and/or regular field measurements.  Field parameters were also measured at all benthic community sites at the time samples were collected.
2. SPMD--Semi-permeable membrane device.
3. Sampling stations for SSC (suspended sediment concentration).  See Appendix B for discussion.
4. Data sonde--programmable multi-probe and field data recorder.

+ Integrator station; City of Greensboro Stormwater Services station; USGS gage location.
++ Reference stream and USGS gage location.
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5.2 Water Quality Characterization

During the period between January and October 2001, six baseflow and three stormflow samples
were collected at Horsepen Creek at Battleground Avenue (HPHP01) in order to provide a
picture of water quality in the study area.  Selected results are shown in Table 5.2 and are
presented in more detail in Appendix B.  For comparative purposes, selected data from the City
of Greensboro’s monitoring at this site are also included in the table.  Ambient data were also
collected by the City at Horsepen Creek at Old Oak Ridge Road, but not included in the table.

Table 5.2 Horsepen Creek at Battleground Ave. (US 220):  Median Values of Selected
Parameters*

Study Data
City of Greensboro Data

2000 - 2001
Parameter

Base
Flow

Storm
Flow

Base
Flow

Storm
Flow

Dissolved Oxygen (mg/L) 7.2 (16) 7.2 (3) 6.4 (12) 10.8 (7)

pH (s.u.) 7.2 (13) 7.0 (3) 7.3 (12) 7.2 (6)

Specific Conductance (µS/cm) 146 (16) 119 (3) 152 (12) 141 (6)

Turbidity (NTU) 9.7 (6) 49.8 (3) 11.6 (12) 59.1 (7)

Total  Phosphorus (mg/L) 0.07 (6) 0.13 (3) 0.04 (12) 0.08 (7)

Ammonia Nitrogen (mg/L) 0.1 (6) 0.1 (3)   -- < 0.5 (7)

TKN (mg/L) 0.6 (6) 1.3 (3) < 0.5 (12) 1.2 (7)

Nitrate + Nitrite Nitrogen (mg/L) 0.21 (6) 0.51 (3) 0.361 (12) 0.40 (6)

* All are grab samples.  Number of samples in parenthesis.
-- Indicates parameter not tested.
1 Result does not include nitrite.

•  Dissolved oxygen levels were typically adequate during both storm and baseflow conditions.
•  Median baseflow specific conductance was elevated compared to reference conditions at

Reedy Fork Creek (90 µS/cm, n = 1).
•  Median turbidity associated with storm conditions was five times higher than during

baseflow.
•  Median baseflow total nitrogen (TKN + nitrate/nitrite nitrogen) and phosphorus levels in

DWQ samples were elevated compared to unpolluted streams (Simmons and Heath, 1982).
Median baseflow nitrate and phosphorus observations recorded by the City of Greensboro
were also above those recorded at unpolluted streams.

•  Elevated concentrations of metals were observed on some occasions.  See discussion in
Section 5.3.

As mentioned in Section 2.3, the underlying geology of Horsepen Creek is from two distinct
rock types.  The headwaters area down to Old Oak Ridge Road consists of gabbro and diorite of
the Carolina Slate Belt.  Downstream of Old Oak Ridge Road the geology consists of granite of
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the Charlotte Belt (Figure 2.1).  Streams flowing over gabbro/diorite generally exhibit higher
dissolved solids, alkalinity and nutrients than those flowing over granitic geology (Simmons and
Heath, 1982).  Specific conductance measurements on small tributaries in the watershed confirm
this.  Specific conductance in tributaries within the Carolina Slate Belt ranged from 209 µS/cm
to 334 µS/cm while readings from tributaries within the Charlotte Belt ranged from 98 µS/cm to
137 µS/cm.  However, it is difficult to ascribe the degree of geologic influence in a highly
developed watershed.

The geometric mean of five fecal coliform samples collected during baseflow conditions over a
30-day period in August and September 2000 exceeded the North Carolina standard (membrane
filter count of 200 colonies/100 ml based upon at least 5 consecutive samples collected within a
30-day period) for these waters (see Table 5.3).  Fecal coliform observations (January 2000 –
November 2001) conducted by the City of Greensboro (during baseflow) indicate potential
exceedence of state standards at Old Oak Ridge Road.

Table 5.3 Fecal Coliform Results, Horsepen Creek (colonies/100ml)

City of Greensboro Data
2000 - 2001Study Data

Battleground Ave. (US 220)
Battleground
Ave. (US 220)

Old Oak
Ridge Rd.

August 8, 2000 310

August 17, 2000 190

August 22, 2000 740 --

September 11, 2000 350

September 12, 2000 220

--

Geometric Mean* 320 172 (12) 281 (12)

NC Standard 200

 * Number of samples in parenthesis .

5.3 Stressor and Source Identification

Given the complexities of land use within the study area, a wide range of toxicants could
potentially affect surface water quality in Horsepen Creek.  Potential toxicants in the upstream
portion of the watershed include:  pesticides from Longview Golf Course; volatile and semi-
volatile organic compounds from above ground and underground storage tanks; and a variety of
pollutants in runoff from the Piedmont Triad International Airport and commercial and industrial
areas.  Pesticides from suburban and institutional lawn care are potential toxicants associated
with the middle and lower portions of the watershed.  Benthic macroinvertebrate data (Section 4)
suggest toxic impacts at HPHP02 and HPHP04.

Evaluation of water column toxicity was carried out primarily at HPHP01 and HPHP02 and
included:  toxicity bioassays (acute and chronic), chemical pollutant monitoring (metals,
organics and pesticides), and deployment of SPMDs (at HPHP01 and HPHP04 only) to sample
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organic contaminants.  Particular effort was applied to toxicity analyses at HPHP02 because
benthic macroinvertebrate community data indicated likely toxicity at this location and it was
given a toxic-poor rating based on analysis of midge deformities.  Toxicity testing was also
conducted twice at HPHP11.  Results of this sampling are discussed in Section 5.3.1.  Bed
sediment at HPHP02 and HPHP04 was also studied for the presence of toxic conditions.
Sediment toxicity assessment work included:  42-day toxicity bioassays and chemical analyses
for metals, semi-volatile organic compounds, PAHs, total petroleum hydrocarbons (TPHs) and
pesticides.  Bed sediment results are presented in Section 5.3.2.

5.3.1 Water Column Toxicity

This section presents the results of water column bioassays followed by a discussion of organic
pollutants, MBAS and metals.

a. Bioassays
Results of bioassay sampling are summarized in Table 5.4.  All toxicity tests passed, suggesting
that toxic conditions were not present at the time of sample collection.  Tests conducted in
October 2001 were invalid due to limited brood production associated with control organisms.
Additional detail concerning bioassays is provided in Appendix B.

Table 5.4 Water Column Toxicity Bioassays

Date (all 2001)
Horsepen Creek at

Battleground Ave. (US
220) (HPHP01)

Horsepen Creek at
Ballinger Rd.

(HPHP02)

Sherwin Branch at
Chimney Rock Rd.

(HPHP11)

Chronic Acute Chronic Acute Chronic Acute

March 15 - pass - pass - -

April 10 pass - pass - - -

May 8 pass - pass - - -

May 16 - pass - pass - -

June 22 - - - pass - -

July 1 - - - pass - -

July 18 - - - pass - -

July 26 - - - pass - -

August 1 - - - pass - -

August 29 pass - pass - pass -

September 20 - - - - - pass1

September 24 - pass - - - -

October 3 invalid - invalid - - -
1 Time-weighted composite sample collected by City of Greensboro stormwater staff.
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b. Pesticides and Organic Compounds
Time-weighted composite and grab samples were analyzed for a wide range of pesticides and
other organic compounds.  Pesticides were detected in storm samples in both the upper and lower
portions of the watershed.  Volatile organic compounds were detected only in the upper portion
during baseflow conditions.  Table 5.5 below includes detected contaminants.  Appendix B
provides a complete list of analytes and results.

Current Study--Pesticides.  Time-weighted composite and grab samples were collected from nine
storm events between March and September 2001 at four locations.  Samples were analyzed for
38 current use pesticides and a broad scan for 312 pesticides was also conducted.  Simazine,
metolachlor and diazinon were the only pesticides detected (Table 5.5).

Diazinon was detected at four different monitoring stations at concentrations above EPA’s Tier
II acute screening value of 0.17 µg/L (USEPA, 1995).  The highest concentration (6.24 µg/L), at
HPHP02, was an order of magnitude above the screening value.  Bioassays were conducted on
most samples, including the sample at HPHP02.  There was no indication of toxicity in any of
the bioassays.

A number of the measured diazinon concentrations exceeded toxic levels documented in the
literature for Ceriodaphnia dubia (see Appendix B).  Why the bioassays did not indicate toxicity
under these circumstances is not clear.  The lack of toxicity could be due to substances co-
occurring with diazinon in these water column samples that have an antagonistic relationship
with diazinon (i.e., serve to reduce its toxic effects).  The implication of this, if it is occurring, is
that if these substances are reduced or eliminated for a period of time, adverse ecological effects
of diazinon would be expected.  The most significant impacts would be expected in Cladocera,
important lower-level components of aquatic food webs.

Diazinon (trade name Spectracide) is an organophosphate insecticide widely used by
homeowners to control insects and grub worms.  It is among the pesticides frequently found in
urban and suburban streams in North Carolina (Oblinger and Treece, 1996; Bales et al., 1999)
and throughout the nation (Schueler, 1995; Hoffman et al., 2000).

Metolachlor and simazine were detected in June and July 2001 at HPHP02.  The highest
concentrations observed for both pesticides were from a storm event on July 18 (metolachlor -
1.26 µg/L and simazine – 0.11 µg/L).  The bioassay collected at the same time passed.  There are
no formal screening values available for metolachlor and simazine, but concentrations observed
in Horsepen Creek are well below effects levels reported in the literature (see Appendix B).

Metolachlor and simazine (trade names Bicep and Sim-Trol) are herbicides used to control
weeds in domestic, turf and agricultural settings.  Simazine is frequently used at golf courses as a
selective herbicide.  It is sometimes used at higher rates for nonselective weed control in
industrial areas.
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Table 5.5 Detected Pesticides, Organic Compounds and MBAS, 2001 (µg/L)*

Site Date Bioassay Parameter Result
Screening

Value
(Tier II)

Flow
Condition

s

Horsepen Creek at
Old Friendly Road

HPHP08
September 10 No Test Diazinon 0.21 0.17 Storm

Horsepen Creek at
Radar Road

HPHP07
October 171 No Test Tetrachloroethene 0.52 98 Base

1,1-Dichloroethene 8.76 25

1,1,1-Trichloroethane 1.81 11August 29 Pass

Trichloroethene 3.93 47

Base

1,1-Dichloroethene 9.35 25

1,1,1-Trichloroethane 2.35 11September 13 No Test

Trichloroethene 4.23 47

Base

September 202 Pass Diazinon 0.35 0.17 Storm

1,1-Dichloroethene 9.45 25

1,1,1-Trichloroethane 3.42 11

Sherwin Branch at
Chimney Rock

Road
HPHP11

October 11 No Test

Trichloroethene 3.96 47

January 24 No Test Tributyl Phosphate 0.770 --

Base

Di-n-Butylphthalate 46.8 190
July 1 Pass

Metolachlor 0.79

June 22 Pass Metolachlor 0.64

Metolachlor 1.26
July 18 Pass

Simazine 0.11

Simazine 0.08

--

July 26 Pass
Diazinon 6.24 0.17

August 1 Pass MBAS 60

Storm
Horsepen Creek at

Ballinger Road
HPHP02

October 3 Invalid MBAS 356
500

Base

Diazinon 0.72 0.17
September 24 Pass

MBAS 537

Storm
Horsepen Creek at

Battleground
Avenue

 HPHP01
October 3 Invalid MBAS 9750

500
Base

* Bolded values exceed screening levels.  MBAS screening value is NC Freshwater Standard.
-- Indicates no formal screening value available.  Storm samples collected at HPHP02 in June and July were time-weighted

composite samples.
1 Sample collected in 2000.  
2 Sample collected (time-weighted composite) by City of Greensboro stormwater staff.
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City of Greensboro--Pesticides.  City of Greensboro stormwater staff collected stormwater grab
samples from 12 storm events over a one-year period from a tributary to Horsepen Creek
(unnamed tributary to Price Park Branch at Bearhollow Rd.).  Analyses using enzyme linked
immunosorbent assays (ELISA) were carried out by NCSU.

All five pesticides targeted were detected (Table 5.6).  2,4-D and chlorothalonil were detected in
seven and five storm samples, respectively.  Atrazine was present in two events and simazine
and chlorpyrifos were present in one event.  Chlorpyrifos exceeded acute NAWQC.
Chlorpyrifos is an organophosphate insecticide used on lawns, in dog kennels and gardens.  2,4-
D is a selective herbicide used on lawns, turf and in crop production.  Atrazine and simazine are
triazine herbicides used in both domestic and industrial settings to control weeds.  Chlorothalonil
is an organochlorine fungicide used on vegetables and in turf applications.

Table 5.6 City of Greensboro Pesticide Study Results (µg/L), Tributary to Price Park
Branch at Bearhollow Drive, 1999 – 2000*

Pesticide Median High Low
Acute

Screening
Value1

Atrazine <0.046 (12) 0.23 <0.046 351.2

Chlorothalonil <0.07 (12) 0.2 <0.07 --

Simazine <0.03 (12) 0.43 <0.03 --

2,4-D 0.91 (12) 5.44 <0.70 --

Chlorpyrifos <0.10 (7) 0.19 <0.10 0.083

* -- Indicates no screening value was available.  Bolded value exceeds screening level.  Number of
samples in parenthesis.

1 Screening value for chlorpyrifos is NAWQC (USEPA, 1999); screening value for atrazine is draft
acute aquatic life criteria (Great Lakes Environmental Center, 2001).

Other organic compounds.  PCBs, phenols, PAHs, TPHs and MTBE were not detected in grab
samples collected during the study.  One volatile organic compound (tetrachloroethene -- 0.52
µg/L) was detected at HPHP07 in October 2000 during baseflow.  Bioassays were not collected
at this location.  Approximately 0.3 miles upstream at HPHP11, three volatile organic
compounds were detected in baseflow conditions on several occasions:  1,1-dichloroethene,
1,1,1-trichloroethane and trichloroethene.  Reported concentrations of these contaminants were
below formal screening values (Table 5.5).  A chronic bioassay was conducted on one of these
occasions and did not indicate toxicity.

At HPHP02, tributyl phosphate was reported in January baseflow samples at 0.770 µg/L.  No
formal screening value was available and bioassays were not collected.  Di-n-butylphthalate was
reported at HPHP02 in July storm samples at 46.8 µg/L.  EPA’s Tier II acute screening value for
di-n-butylphthalate (190 µg/L) was approximately four times higher than reported
concentrations.  The acute bioassay conducted at the same time passed.

Di-n-butylphthalate is a common laboratory contaminant and is used as an additive to some
plastics (ATSDR, 2001).  Tributyl phosphate (also known as phosphoric acid) can be found as an
ingredient in softening agents for plastics, antifoaming chemicals and lab reagents.
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The City of Greensboro conducts volatile, semi-volatile organic compound and PCB testing at
Horsepen Creek at Battleground Ave. (US 220) on an annual basis.  These compounds were not
detected in June 2000 or 2001 storm grab samples.

SPMDs.  Semi-permeable membrane devices (SPMD) or passive samplers were deployed over
two, multi-day periods in October and November 2001.  Many organic contaminants were
detected that had not been detected via standard water column sampling.  These included:  ten
chlorinated pesticides, 12 polychlorinated biphenyls (PCBs) and 42 polycyclic aromatic
hydrocarbons (PAHs).  Current use pesticides were not detected except for chlorpyrifos.  SPMD
concentrations represent an average concentration over the entire deployment period and provide
indications of the hydrophobic organic contaminants to which the sampling site was exposed.
They do not provide information regarding pulse events such as storms or dumping.  There were
no rain events during the deployment periods.

Formal screening values were not available for all compounds.  However, a comparison of
contaminants for which a screening value was available indicated average concentrations well
below levels that would be considered toxic, as illustrated for selected analytes in Table 5.7.  As
discussed in Appendix B, numerous analytes appear to have higher concentrations in the upper
watershed (HPHP04) than further downstream, though this is not always the case.  Toxicity
resulting from synergistic phenomena (interactions between multiple low-level contaminants)
could be a concern but bioassays collected during the study passed (bioassays were not collected
during SPMD deployment periods).

Table 5.7 Selected Pollutants Captured by SPMDs (ng/L)*

Pollutants
Horsepen Creek at
Battleground Ave.

HPHP01

Horsepen Creek at
Bledsoe Dr.

HPHP04

Chronic
Screening

Value (ng/L)

1st

Deploy.
2nd

Deploy.
1st

Deploy.
2nd

Deploy.

Heptachlor 0.76 0.66 0.65 0.40 3.8

Dieldrin 0.28 0.12 <0.025 <0.025 56

Endosulfan Sulfate 0.31 0.23 <0.025 <0.025 --

alpha BHC <0.025 <0.025 0.12 0.05 --

Chlorinated
Pesticides

2,4-DDD 0.20 0.22 0.55 0.27 --

Current Use
Pesticides

Chlorpyrifos 0.20 <0.025 0.17 <0.025 41

PCBs Sum of PCBs 2.06 2.46 2.03 2.15 14

PAHs Sum of PAHs 30.58 21.92 36.64 38.97 --

Pyrene 2.90 1.80 3.85 5.29 --

Fluoranthrene 3.90 3.52 6.32 7.22 6160

* First deployment period was October 16, 2001 through October 31, 2001.  Second deployment period was November 1,
2001 through November 19, 2001.  No rain occurred during deployment periods.  Screening values are NAWQC
(USEPA, 1999), except for fluoranthrene.  The latter value is Final Chronic Value calculated by EPA for use in deriving
sediment quality criteria (see Suter and Tsao, 1996).

-- Indicates no screening value was available.
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c. MBAS
Methylene blue active substances (MBAS), an indicator of anionic surfactants, were detected on
four occasions (Table 5.5), including two occasions on which the North Carolina Water Quality
Standard (NCWQS) of 500 µg/L was exceeded.  No significant decreases in reproduction were
observed in toxicity tests conducted on these samples, but unfortunately both tests were invalid
due to control performance, which likely resulted in decreased ability to detect slight effects.
Though it has been applied as a toxicity standard for the protection of aquatic life, the NCWQS
for MBAS was really developed for aesthetic purposes.  In October 2002, as a part of the current
Triennial Review process, the NC Environmental Management Commission officially revised
the MBAS standard to an aesthetics standard applied to water supply waters only.  Surfactants
are cationic, anionic or nonionic materials that can greatly reduce the surface tension of water.
Examples of products that contain surfactants are soaps and detergents.

The toxicity of specific surfactants varies, and the laboratory test for MBAS does not identify
which anionic surfactants are present or their individual concentrations.  The common anionic
surfactant linear alkylbenzene sulfonate (LAS) can be toxic at concentrations as low as 25 µg/L
(Kimerle, 1989).  The lack of toxic effect at the MBAS concentrations observed in Horsepen
Creek may be explained by the nature of the specific surfactants present, by the loss of
surfactants during laboratory bioassay procedures or by analytical interferences.  See Appendix
B for additional discussion.  If reflective of actual water column surfactant concentrations,
observed MBAS levels indicate there is some potential for acute and chronic toxicity effects to
water column organisms, even though site samples submitted for toxicity testing did not indicate
effects.

d. Metals
Metals were collected at HPHP01 and HPHP02 on several occasions.  Baseflow and stormflow
data are shown in Tables 5.8 and 5.9, respectively, for all metals which were detected on more
than one occasion or which exceeded screening values.  Nickel was included in Table 5.8 for
comparison with Greensboro metals data.  Aluminum and iron in baseflow samples frequently
exceeded chronic screening values, and silver exceeded its respective screening value on one
occasion.  Bioassays were conducted for most sampling events and all passed.

Storm samples collected at HPHP01 did not exceed acute screening values.  Acute bioassays
conducted at the same time passed.  At HPHP02, copper, zinc and aluminum substantially
exceeded acute screening values for two out of three samples.  Bioassays collected at the same
time passed.

The City of Greensboro samples metals in Horsepen Creek at Battleground Ave. (grab samples
and flow-weighted composite storm samples) and upstream at Old Oak Ridge Rd. (grab samples
only).  These data are discussed in Appendix B.  Copper in storm composites frequently
exceeded acute NAWQC.  Chromium and zinc exceedences also occurred.  Bioassays were not
conducted.

Since total rather than dissolved concentrations were measured, metals bioavailability is difficult
to fully assess.  Adjusting benchmarks for hardness only partially addresses this issue.  Metals
such as aluminum, iron, manganese, copper and zinc are widespread in North Carolina’s waters.
Potential effects on benthic macroinvertebrates are uncertain since organisms in a given locality
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may be adapted to local concentrations.  The fact that all bioassays conducted on samples
collected at the same time (within minutes) as chemical samples provided no evidence of toxicity
is a fairly strong indication that the concentrations of metals in the stream were not sufficient to
cause short-term toxic impacts on these occasions.   
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Table 5.8 Selected Total Metals Concentrations in Baseflow Samples and NAWQC Chronic Values (µg/L)*

a. Horsepen Creek at Battleground Ave. (HPHP01)

Parameter 1/29/2001 NAWQC 4/10/2001 NAWQC 5/8/2001 NAWQC 8/1/2001 NAWQC 8/29/2001 NAWQC 10/3/2001 NAWQC

Aluminum 241 87 299 87 96 87 210 87 156 87 117 87

Cadmium - 1.6 1.4 1.5 0.1 1.8 - 1.3 - 1.4 - 1.6

Copper - 6 1.4 1.5 2 6.5 2 4.5 1 5.2 2 6

Iron 1140 1000 990 1000 1210 1000 977 1000 930 1000 807 1000

Manganese 289 120 184 120 179 120 131 120 130 120 140 120

Silver - 0.36 - 0.36 - 0.36 - 0.36 0.7 0.36 - 0.36

Zinc 3 78 8 68 3 83 4 59 4 67 3 78

Hardness (mg/L) 60.0 -- 51.0 -- 65.0 -- 43.0 -- 50.0 -- 60.0 --

b. Horsepen Creek at Ballinger Rd. (HPHP02)

Parameter 8/29/2001 NAWQC 10/3/2001 NAWQC

Aluminum 170 87 265 87

Cadmium - 1.6 1.1 1.7

Copper 1 5.9 6 6.1

Iron 434 1000 514 1000

Manganese 71 120 74 120

Silver - 0.36 - 0.36

Zinc 10 76 15 78

Hardness (mg/L) 58.0 -- 60.5 --

* Metals that were below detection limits or detected once (arsenic, chromium, lead, mercury and nickel) are not inlcuded.  A dash (-) denotes concentrations as below detection limit.  See
Appendix B for detection limits.  Values in bold type exceed the applicable screening benchmark.  Detection limits were less than or equal to screening values except for silver.  Silver and
manganese screening values are Tier II (USEPA, 1995), all others are NAWQC (USEPA, 1999).  See Appendix B for discussion.  Screening values were adjusted for hardness.
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Table 5.9 Selected Total Metals Concentrations in Storm Samples and NAWQC Acute
Values (µg/L)*

a. Horsepen Creek at Battleground Ave. (HPHP01)

Parameter 3/15/2001 NAWQC 5/16/2001 NAWQC 9/24/2001 NAWQC

Aluminum 246 750 503 750 575 750

Cadmium 0.2 2.0 - 2.0 - 1.2

Chromium - 16 - 16 2 16

Copper 4 7.0 6 7.0 6 4.5

Iron 1350 N/A 1910 N/A 1310 N/A

Manganese 208 2300 290 2300 175 2300

Lead 1 32.1 5 32.1 3 17.6

Nickel - 252 - 252 - 169

Zinc 14 64 14 64 22 43

Hardness (mg/L) 48.0 -- 48.0 -- 30.0 --

b. Horsepen Creek at Ballinger Rd. (HPHP02)

Parameter 7/1/2001 NAWQC 7/26/2001 NAWQC 8/1/2001 NAWQC

Aluminum 1420 750 3360 750 208 750

Cadmium 1 2.5 2 2.5 - 2.5

Chromium 6 16 8 16 - 16

Copper 20 8.5 34 8.5 3 8.5

Iron 2910 N/A 5310 N/A 549 N/A

Manganese 699 2300 849 2300 73 2300

Lead 10 41.7 14 41.7 - 41.7

Nickel 4 300 - 300 - 300

Zinc 132 77 183 77 14 77

Hardness (mg/L) 59.0 -- 59.0 -- 59.0 --

* Metals that were below detection limits or detected once (arsenic, mercury, silver) are not included.  Nickel
was included to compare with Greensboro data.  Values in bold type exceed the applicable screening
benchmark.  Mn screening value is Tier II (USEPA, 1995); all others are NAWQC (USEPA, 1999).  Acute
screening value not available for iron.  See Appendix B for discussion.  Screening values are adjusted for
hardness.  Hardness not available for July 1 and July 26; therefore, hardness value from August 1 sample was
used for these dates.  A dash (-) refers to metal concentration below detection limit.  Detection limits were
less than or equal to screening values except for silver.  See Appendix B for detection limits.
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5.3.2 Bed Sediment Toxicity

a.  Bioassays
Bed sediment toxicity and chemistry were evaluated in Horsepen Creek at Ballinger Rd.
(HPHP02) and at Bledsoe Dr. (HPHP04) because benthic community composition and
Chironomus deformities at these locations indicated potential toxic impacts (Section 4).
Sediments were collected in July 2001 and tested for toxicity using Hyallela azteca.  None of the
test endpoints (28-day survival, 28-day growth, 35-day survival, 42-day growth, 42-day survival,
and reproduction at 42 days) indicated that sediments were toxic.  See Appendix B for additional
details.

b. Pesticides and Organic Compounds
Nine organic contaminants were detected in depositional sediments (Table 5.10): one current use
pesticide (atrazine), several chlorinated pesticides (chlordane, trans-nonachlor, dieldrin, DDTs)
and PCBs.  Dieldrin and PCBs were also captured by SPMDs (see Section 5.3.1, Table 5.7).
Two chlorinated pesticides (chlordane and trans-nonachlor) were detected at HPHP02, but not at
HPHP04.  Three contaminants (4,4’DDE, Total DDTs and dieldrin) were within the conservative
screening values range at both locations.

Table 5.10 Organic Pollutants Detected in Depositional Sediment, Horsepen Creek
(µg/Kg dry weight)

Location Benchmark Values1

Analyte
HPHP02 HPHP04 Conservative

Non-
Conservative

EPA Region 4

4,4’-DDE 1.60 2.10 1.42 to 5 6.75 to 374 2.07

Total DDTs 1.82 2.65 1.58 to 7 25 to 4450 1.58

4,4’-DDD 0.13 0.55 1.2 to 8 7.81 to 60 1.2

4,4’- DDT 0.09 -- 1.19 4.77 to 25 1.19

Chlordane 0.39 -- 0.5 to 7 4.79 to 60 0.5

Dieldrin 0.45 0.67 0.02 to 2.85 4.3 to 910 0.02

Trans-nonalchlor 0.14 --

Atrazine 3.7 2.6
Benchmark values not available.

Sum PCBs 1.74 2.94 10 to 70 180 to 5300 21.6
1 Non-conservative benchmark values are adjusted for site-specific total organic carbon (TOC).  TOC adjusted

values are the same for both sites except for Total DDTs.  The low range non-conservative benchmark value
shown is for HPHP02.  Comparable value for HPHP04 is 43.5 µg/Kg.  See Appendix B.

c.  Metals
Two metals (Table 5.11) fell within the range of conservative benchmarks.  It is unlikely that
individual metals are a source of toxicity.  Aluminum, iron and manganese are common
constituents of soil clays in this region, most likely accounting for their abundance in the stream
sediments.  While the cumulative effect of these metals could be a potential concern, the chronic
bioassay conducted on this sediment did not provide evidence of toxicity.
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Table 5.11 Metals Detected in Depositional Sediment (mg/Kg dry weight), Horsepen
Creek*

Location Benchmark Values

 Metals
HPHP02 HPHP04 Conservative

Non-
Conservative

EPA Region 4

Aluminum 5940 8690 25500 58030 to 73160 --

Cadmium 1.00 1.08 0.583 to 1.2 3 to 41.1 0.676

Chromium 14.8 17.7 26 to 81 90 to 370 52.3

Copper 17.3 21.1 16 to 35.7 54.8 to 270 18.7

Iron 11800 15000 20000 to 188400 40000 --

Lead 7.49 9.55 30 to 46.7 68.7 to 396 30.2

Manganese 404 447 460 to 1673 819 to 11000 --

Nickel 4.95 6.46 15.9 to 39.6 35.9 to 75 15.9

Thallium < 1.27 2.00 -- -- --

Zinc 61.1 58.6 98 to 159 271 to 1532 124

* Includes all metals detected in depositional sediment.  Antimony, arsenic, beryllium, mercury, selenium
and silver were not detected.

-- Indicates benchmarks were not available.  Values in bold type exceed one or more benchmarks.

5.3.3 Dissolved Oxygen, Nutrients and BOD

Dissolved oxygen (DO) was evaluated using several approaches.  DO was measured when
samples were collected for laboratory analysis.  Additionally, DO was measured on many
occasions during watershed reconnaissance and stream survey activities.  Finally, data sondes--
multiparameter probes with a data logging capability -- provided data on daily DO cycles at
several locations in the watershed.  BOD was not evaluated by DWQ but is monitored by the
City of Greensboro.

Results from data sonde deployments indicated a typical daily DO cycle with minimum levels
occurring overnight.  The lowest observed DO during these deployments was 5.7 mg/L, (see
Appendix B for additional discussion).

Dissolved oxygen concentrations below 6.0 mg/L were common at many sites during baseflow
conditions.  Baseflow dissolved oxygen concentrations below 5.0 mg/L were observed during
routine monitoring at three locations (Table 5.12).
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Table 5.12 Baseflow Dissolved Oxygen Concentrations for Sampling Sites with
Concentrations Under 5.0 mg/L, 2001*

Site High Low Median
Number of

Observations <5.0

HPHP03 8.3 4.2 7.0 (9) 1

HPHP08 7.4 4.5 6.2 (7) 1

Old Oak Ridge Road1 19.2 4.8 8.8 (12) 2

* Number of observations in parenthesis.
1 2000-2001 data from City of Greensboro.

Though the number of observations is limited, nutrient data from the study suggest that higher
baseflow phosphorus and total nitrogen levels are present at Ballinger Road (HPHP02) than
further downstream (Table 5.13).  Data collected by the City of Greensboro, however, indicate
comparable upstream and downstream baseflow values.

Table 5.13 Median Nutrient Concentrations, Horsepen Creek (mg/L)*

Sampling Location

Current Study, 20011 City of Greensboro, 2000-20012

Battleground Ave.
HPHP01

Ballinger Rd.
HPHP02

Old Oak
Ridge Rd.

Battleground Ave.
Parameter

Baseflow Stormflow Baseflow Stormflow Baseflow Baseflow Stormflow

Total Phosphorus 0.07 (6) 0.13 (3) 0.21 (2) 0.10 (1) 0.04 (12) 0.04 (12) 0.17 (7)

Ammonia Nitrogen 0.1 (6) 0.1 (3) < 0.1 (2) 0.1 (1) -- -- < 0.5 (7)

TKN 0.6 (6) 1.3 (3) 1.1 (2) 0.7 (1) < 0.5 (12) < 0.5 (12) 1.2 (7)

Nitrate + Nitrite Nitrogen 0.21 (6) 0.51 (3) 0.22 (2) 0.25 (1) 0.4 (12) 0.36 (12) 0.4 (7)

Total Nitrogen 0.81 (6) 1.81 (3) 1.32 (2) 0.95 (1) < 0.9 (12) < 0.86 (12) 1.6 (7)

* Number of samples in parentheses.  Double dash (--) indicates no analyses.
1 Grab samples.
2 Stormflow samples are flow-weighted composites.  Baseflow samples are grab.

Greensboro collects BOD data at Battleground Avenue (storm and baseflow grab samples,
stormflow-weighted composites) and Old Oak Ridge Road (baseflow grab samples).  The
highest baseflow levels observed at these sites were 3.7 mg/L and 6.1 mg/L, respectively.  The
highest stormflow BOD concentration at Battleground Ave. was 33 mg/L (Table 5.14).
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Table 5.14 City of Greensboro BOD5 Data for Horsepen Creek, 2000-2001

BOD (mg/L)*

Mean High Low

Battleground Ave.

Baseflow 1.6 (12) 3.7 <2

Stormflow 15.7 (7) 33 3.3

Old Oak Ridge Rd.

Baseflow 2.2 (12) 6.1 <2

* Baseflow grabs and stormflow-weighted composite samples.  Number of samples in parentheses.
Baseflow samples that were below the detection limit of 2.0 mg/L were assigned a value of 1.0 mg/L
in the calculation of mean values.

Caldwell (1992) found that three forested streams in the NC piedmont all had mean BOD values
(baseflow and storm samples combined) of <0.75 mg/L.  Not unexpectedly for a stream draining
a developed area, baseflow BOD concentrations in Horsepen Creek clearly exceed these
background levels.  Storm event concentrations in urban runoff from major NC cities (end of
pipe values, not in-stream levels) average 4-5 mg/L in undeveloped areas, 7-8 mg/L in medium
density residential areas, and 13-17 mg/L in areas with denser development with higher
imperviousness (CH2M HILL, 2000).  Mean storm event concentrations measured by the City at
Battleground Ave. appear to equal or exceed typical NC end of pipe concentrations.  Whether
these values are unusual for urban in-stream levels is not clear, but it is likely that BOD loading
to Horsepen Creek is considerable.

5.3.4 Source Area Assessments

Various source area assessments were conducted in an effort to determine sources of potential
stressors.  These are described in Appendix B.
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Section 6
Channel and Riparian Conditions

The characterization of stream habitat and riparian area condition at benthic macroinvertebrate
sampling sites, included in Section 4 and Appendix A, provides information essential to the
assessment of conditions in the Horsepen Creek study area.  However, a perspective limited to a
small number of locations in a watershed may not provide an accurate picture of overall channel
conditions, nor result in the identification of pollutant sources and specific problem areas.  This
study, therefore, undertook a broader characterization of stream condition by examining large
sections of the Horsepen Creek channel network.  This characterization is critical to an
evaluation of the contribution of local and regional habitat conditions to stream impairment and
to the identification of source areas and activities.

During the course of this study, project staff walked approximately 5.5 miles (8.8 km) of
channel, including much of the Horsepen Creek mainstem above US 220, and several miles of
tributary channel.  Some sections were surveyed on numerous occasions.  This section
summarizes channel and riparian conditions and discusses likely future changes in stream
channels.  Results of two geomorphic assessments conducted by North Carolina State University
(NCSU) as a part of this study are also summarized, as are stream bank condition assessments
conducted by the City of Greensboro.  A more detailed description of existing conditions is
included in Appendix D.

6.1 Summary of Existing Conditions

6.1.1 Overall Channel and Riparian Condition

Channel Conditions.  Horsepen Creek and its tributaries, except for some of the headwater areas,
are highly incised.  Stream banks are steep and often poorly vegetated.  Areas of bank erosion
are common (Exhibit 6.1).  Channelization impacts are summarized below.  Historic
channelization aside, streams have been moved or piped in places, most notably at the several
crossings of Bryan Boulevard and other streets.  The use of culverts and riprap is extensive
throughout the study area.

In upstream reaches above Ballinger Road coarser substrate (e.g., cobble and small boulders) is
common and local habitat is improved.  However, these headwater reaches drain highly
impervious areas served by storm sewer systems.  They are thus subject to considerable
hydraulic stress, and there are few, if any, intact upstream areas from which macroinvertebrate
recolonization may occur following disturbance.

While both urbanization and channel modification can lead to incision, historical data are not
adequate to determine the cause of incision in Horsepen Creek with certainty.  Some incision
may have predated development in the watershed.  Contributing factors may include floodplain
accretion during past periods of high agricultural activity and poor management practices.  In
any case, the negative effects of urbanization on channel stability are apparent throughout the
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drainage area, with a few notable exceptions on the northwest side of the stream where
development has been minimal.

Riparian Conditions.  Riparian areas are vegetated along most of the Horsepen Creek mainstem,
although the width of vegetation as well as the type and condition are highly variable.  In most
reaches, the riparian zone of Horsepen Creek and its tributaries includes at least some trees.  In
many places, this tree line is only a few yards wide, however, giving way to mowed utility right-
of-way, pasture, golf course or pavement.  Stormwater culverts or ditches often bypass existing
riparian buffers.  The lower half of the mainstem has more extensive floodplain areas that are not
developed and have substantial riparian forests.  One such area is part of a designated greenway
with marked recreational trails.

Aquatic Habitat.  Habitat for aquatic organisms is highly degraded.  The bottom substrate is
largely sand, providing an unstable habitat for aquatic macroinvertebrates and fish (Exhibit 6.2).
This sand is mobilized during storms and channel bars often shift location.  The abrasive,
scouring action of the moving sand is also detrimental to organisms which are using submerged
tree trunks, roots and other available stable habitats in the stream.  Riffles are generally absent
except in the headwaters.  Many pool habitats are temporary, associated with woody debris that
moves frequently during storms.  Most portions of the stream that were channelized consist of
shallow sandy runs with extensive sand deposits that scour the bottom as they move downstream
during high flow events.  Bank habitat is often sparse due to bank failure and erosion, or
inaccessible due to incision (Exhibit 6.3).

NCSU Assessments.  As a part of this study, DWQ contracted with the Stream Restoration
Institute at NCSU to conduct a morphological evaluation and restoration feasibility study of two
reaches (Figure 6.1):

•  Horsepen Creek at Bledsoe Drive.  This mainstem reach, located in mid-watershed, was
typical of channelized portions of the Horsepen Creek (drainage area of 7.5 square miles).

•  Price Park Branch at Crosstimbers Drive.  This area, described in Appendix D, is located on
the largest tributary to Horsepen Creek, downstream of Bryan Boulevard and New Garden
Road.  The drainage area is 3.4 square miles.

These evaluations included a visual assessment of stream morphology, pebble counts,
longitudinal and cross-sectional surveys, and other field activities.  Bank pins and permanent
cross-sections were installed so that future changes in channel morphology can be monitored.
These evaluations are documented in two reports (NCSU, 2001 and 2002).  Table 6.1
summarizes basic geomorphic parameters for the two reaches.  The restoration implications of
this work will be addressed in Section 8.

These assessments indicated that both reaches, with conditions typifying much of the channel
network, are incised, low width/depth ratio, E type channels (Rosgen, 1996).  The NCSU
evaluations concluded that these reaches are laterally unstable and likely to widen further in the
future (NCSU, 2001 and 2002).



Section 6:  Channel and Riparian Conditions 55

Table 6.1 Selected Geomorphic Characteristics of Two Reaches Evaluated by NCSU

Horsepen Creek at
Bledsoe Drive

Price Park Branch at
Crosstimbers Drive

Width/Depth Ratio 1 5.5 8.6

Entrenchment Ratio 2 >2.2 >2.2

D50 (mm) 3 4.7 (fine gravel) 12.3 (medium gravel)

Slope (%) 0.1 0.26

Sinuosity 4 1.02 1.07

Rosgen Stream Type 5 E4 E4

Bank Height Ratio 6 (range) 1.5-1.7 1.0-1.2

Source:  NCSU 2001, 2002.
1  Bankfull width/mean bankfull depth 2.  Floodprone area width/bankfull channel width
3.  Median diameter of channel material 4.  Valley slope/channel slope
5.  Rosgen (1996) 6.  Low bank height/ max bankfull depth

Greensboro bank erosion assessments.  As part of the development of its stormwater master plan
for Horsepen Creek, the City of Greensboro conducted stream bank erosion potential evaluations
at 12 sites throughout the study area using the Bank Erosion Hazard Index (BEHI).  The BEHI
(Rosgen, 1996) assesses bank height, bank angle, rooting depth and other factors to rate the
potential for stream bank erosion at particular locations.  The ratings conducted by Greensboro
(Figure 6.1) indicate a high to very high potential for bank erosion in the Horsepen Creek
mainstem, with the exception of the headwaters.  Erosion potential in the relatively undeveloped
tributaries draining to Horsepen Creek from the north is low to moderate, while a number of
tributaries draining more developed areas (Price Park Branch and King George Branch) have a
higher potential for erosion.

6.1.2 Channelization and Hydrologic Impacts

For about 2.8 miles (41%) of the 6.8 miles from Old Friendly Road to US 220, the mainstem of
Horsepen Creek is a highly modified uniform channel system.  Approximately 1.8 miles from
Old Friendly Road to Ballinger Road and 1.0 miles from Fleming Road to just below Horsepen
Creek Road appear to have been channelized (Exhibits 6.4 and 6.5).  Aerial photographs indicate
that this occurred prior to 1970, although the precise dates are unknown.  Portions of some
tributaries discussed below were also channelized.  The straightening, deepening and widening
of the stream resulted in a channel system with little habitat diversity.

The direct impacts of channelization have since been eclipsed by other forces, including
channelization’s indirect effects, which have persisted for decades.  With the modification of
sinuosity and slope and creation of high steam banks, channelization often sets in motion an
extended period of systemic instability characterized by channel incision and subsequent
widening (Schumm et al., 1984; Brookes, 1988; Darby and Simon, 1999).  These channel
adjustments affect the stability of both the channelized areas themselves, as well as
unchannelized tributaries, which incise in response to changes in their base level, potentially
resulting in the ‘rejuvenation’ of the entire drainage network (Schumm et al., 1984).  These long-
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term processes generate large amounts of sediment due to bed and bank erosion, resulting in
highly unstable stream habitat, and increase the vulnerability of the stream to changes in
watershed hydrology (e.g., due to subsequent urbanization).  These processes have been at work
in Horsepen Creek for decades and can be observed today.

More recently, urbanization has resulted in large areas of impervious surfaces, further altering
the hydrologic regime.  The stream channel must now accommodate stormflows that have a
shorter duration, but higher flow rates, than before.  These new conditions add further erosive
stresses on the stream banks.

6.2 Future Changes

Horsepen Creek is currently evolving in response to multiple disturbances—most notably the
lingering systemic response to the channelization of portions of the stream and the response to
more recent changes in watershed hydrology associated with urbanization.  Incision has
previously occurred throughout the channel system.  For most of its length below the upstream
end of Longview Golf Course, Horsepen Creek is in a stage of channel widening.  Incised
streams that have begun widening generally continue to do so until the channel width is
sufficient to allow for the stabilization of slumped banks and a new geomorphic floodplain
develops within the incised channel (Schumm et al., 1984; Simon 1989; Simon and Darby,
1999).  There is little doubt that this scenario is being played out in Horsepen Creek.

This recovery process has been complicated by construction-related sediment inputs and, more
importantly, by the increase in stormwater volumes and the frequency and duration of erosive
flows associated with still increasing levels of watershed imperviousness.  Watershed hydrology
will continue to change as development continues on the west side of Greensboro.  This will
result in further channel adjustment and bank erosion, although implementation of additional
management measures to control and limit runoff from new development could mitigate these
impacts to some degree.  Without intervention, natural processes will continue to widen
Horsepen Creek until a stable morphology is reached, a process that will take decades.  Further
incision cannot be ruled out (except above Longview Golf Course, where bedrock serves as
grade control--Exhibit 6.6), but some additional widening is likely regardless of whether the
stream incises.
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Exhibit 6.1  Bank erosion above US 220 (Battleground Avenue)

Exhibit 6.2  Typical substrate in Ballinger Road area, at Longview Golf Course
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Exhibit 6.3  Bank erosion in Horsepen Creek, Bledsoe Drive area

Exhibit 6.4  Channelized portion of Horsepen Creek, near Bledsoe Drive
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Exhibit 6.5  Channelized portion of Horsepen Creek, upstream of Horsepen Creek Road

Exhibit 6.6  Bedrock ledge above Longview Golf Course
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Section 7
Analysis and Conclusions:

Causes and Sources of Impairment

This section analyzes the likely causes of impairment in the Horsepen Creek watershed, drawing
upon the information presented earlier in this report.  The sources or origins of these key
stressors are also discussed.

7.1 Analyzing Causes of Impairment

The following analysis summarizes and evaluates the available information related to candidate
causes of impairment in order to determine whether that information provides evidence that each
particular stressor plays a substantial role in causing observed biological impacts.  A strength of
evidence approach is used to assess the evidence for or against each stressor and draws
conclusions regarding the most likely causes of impairment.  Causes of impairment may be
single or multiple.  All stressors present may not be significant contributors to impairment.  [See
the Background Note "Identifying Causes of Impairment", presented in Section 1, for additional
discussion.]

7.1.1 A Framework for Causal Evaluation—the Strength of Evidence Approach

A ‘strength of evidence’ or ‘lines of evidence’ approach involves the logical evaluation of all
available types (lines) of evidence to assess the strengths and weaknesses of that evidence in
order to determine which of the options being assessed has the highest degree of support
(USEPA, 1998; USEPA, 2000).  The term ‘weight of evidence’ is sometimes used to describe
this approach (Burton and Pitt, 2001), though this terminology has gone out of favor among
many in the field because it can be interpreted as requiring a mathematical weighting of
evidence.

This section considers all lines of evidence developed during the course of the study using a
logical process that incorporates existing scientific knowledge and best professional judgment in
order to consider the strengths and limitations of each source of information.  Lines of evidence
considered include benthic macroinvertebrate community data, habitat and riparian area
assessment, chemistry and toxicity data, and information on watershed history, current watershed
activities, land uses and pollutant sources.  The ecoepidemiological approach described by Fox
(1991) and USEPA (2000) provides a useful set of concepts to help structure the review of
evidence.  The endpoint of this process is a decision regarding the most probable causes of the
observed biological impairment and identification of those stressors that appear to be most
important.  Stressors are categorized as follows:

•  Primary cause of impairment.  A stressor having an impact sufficient to cause biological
impairment.  If multiple stressors are individually capable of causing impairment, the
primary cause is the one that is most critical or limiting.  Impairment is likely to continue if
the stressor is not addressed.  All streams will not have a primary cause of impairment.
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•  Secondary cause of impairment.  A stressor that is having an impact sufficient to cause
biological impairment but that is not the most critical or limiting cause.  Impairment is likely
to continue if the stressor is not addressed.

•  Cumulative cause of impairment.  A stressor that is not sufficient to cause impairment
acting singly, but that is one of several stressors that cumulatively cause impairment.  A
primary cause of impairment generally will not exist.  Impairment is likely to continue if the
various cumulative stressors are not addressed.  Impairment may potentially be addressed by
mitigating some but not all of the cumulative stressors.  Since this cannot be determined in
advance, addressing each of the stressors is recommended initially.  The actual extent to
which each cause should be mitigated must be determined in the course of an adaptive
management process.

•  Contributing stressor.  A stressor that contributes to biological degradation and may
exacerbate impairment but is not itself a cause of impairment.  Mitigating contributing
stressors is not necessary to address impairment, but should result in further improvements in
aquatic communities if accomplished in conjunction with addressing causes of impairment.

•  Potential cause or contributor.  A stressor that has been documented to be present or is
likely to be present, but for which existing information is inadequate to characterize its
potential contribution to impairment.

•  Unlikely cause or contributor.  A stressor that is likely not present at a level sufficient to
make a notable contribution to impairment.  Such stressors are likely to impact stream biota
in some fashion but are not important enough to be considered causes of or contributors to
impairment.

7.1.2 Candidate Stressors

As outlined in Section 3, the primary candidate causes of impairment evaluated were:

•  habitat degradation due to sediment deposition;
•  habitat degradation due to lack of microhabitat;
•  stormflow scour;
•  toxic chemicals; and
•  organic enrichment.

7.1.3 Review of Evidence

The Horsepen Creek mainstem is impaired for its entire length within the study area.  One
tributary stream that drains a sparsely developed area is not considered impaired, while two other
tributaries are comparable to the mid- and lower- mainstem.  The macroinvertebrate community
at the most downstream location was not impaired in 1986, but has declined in more recent
years.

Habitat degradation due to sediment deposition.  Relevant lines of evidence include benthic
macroinvertebrate community data, habitat and geomorphic evaluation, and watershed history
and characteristics.
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Considerable sediment deposition is evident in the mainstem of Horsepen Creek beginning at the
Longview Golf Course and continuing downstream to Lake Brandt.  This sedimentation results
in riffle habitat that is either highly embedded or buried entirely.  The reference stream (Reedy
Fork), however, exhibits similar sediment deposits (consisting, at least in part, of material
remaining from past periods of intensive agricultural erosion), yet it still supports a diverse
population of benthic macroinvertebrates (Exhibit 7.1).  The benthic community at the Jessup
Grove Branch site, draining a relatively undeveloped portion of the Horsepen Creek watershed,
remains relatively diverse despite considerable sandy deposition.  Additionally, a comparison
(based on visual assessments) of current substrate characteristics in Horsepen Creek at
Battleground Avenue with substrate composition in 1986, when the benthic community was not
yet impaired, indicates that overall substrate characteristics appear to have changed little (Section
4).  While sedimentation is evident in Horsepen Creek and does contribute to habitat
degradation, there is little evidence that sedimentation per se is responsible for impairment.

Habitat degradation due to lack of microhabitat.  Relevant lines of evidence include benthic
macroinvertebrate community data, habitat and geomorphic evaluation, and watershed history
and characteristics.

The benthic community is highly degraded throughout the mainstem.  The community does not
improve downstream as toxicity indicators (see below) decline in importance.  As noted above,
historic sampling at the downstream end of the study area (US 220) indicates a decline in
biological condition between 1986 and 1993.  Considerable development occurred in the
watershed at this time.  While this may certainly have led to habitat degradation, it could also
have contributed to increased levels of other stressors.  Changes in stream habitat during this
period cannot be evaluated (aside from substrate, noted above) since habitat evaluation data are
not available for the 1986 and 1993 sampling events.

Currently reach scale in-stream habitat in much of Horsepen Creek is significantly degraded
(Sections 4 and 6).  Rootmats are often inaccessible due to incision or bank erosion.  Most
Horsepen sites have some diversity of microhabitat (e.g., leafpacks and woody debris are often
present), but the quantity of such habitat is often limited and it is not present in any abundance
except for the tributary stations at Chance Road and Crosstimbers Drive.  Detritus, snags and
rootmats were abundant in Reedy Fork, which in general has more diverse in-stream habitat.

Horsepen Creek at Radar Road has greater habitat and substrate diversity than downstream
locations, yet supported only a highly degraded benthic community.  Reach scale in-stream
habitat is clearly not the limiting factor here.  Regional-scale (upstream watershed) factors are
not favorable here, however.  The site drains a watershed that is highly developed (37%
impervious), and there are no intact tributaries (most have been culverted or incorporated into the
storm sewer system) that could provide a ready source of recolonization following disturbance
(see the Background Note "The Stress-Recovery Cycle").  This recolonization factor may be an
important constraint on the biological potential of this site.

Although existing in-stream habitat is clearly degraded in much of the watershed, it could
probably support a somewhat better macroinvertebrate community if other stressors were
mitigated.  While not a primary cause of impairment, habitat degradation acts cumulatively with
other stressors to worsen impairment in Horsepen Creek.
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Stormflow scour.  Scour (excessive removal of organisms and microhabitat during storms) was
considered a potential cause of impairment in Horsepen Creek due to the highly developed
nature of the watershed.  Observation of the stream during storms indicated that water levels and
velocities changed rapidly during the onset of storm events and that exposure of the stream to
high velocity flows was commonplace.  Channel bars frequently shifted location during storms
(Exhibit 7.2), indicating substantial movement of bed substrate and microhabitat.  During
stormflows, the stream carries a large load of suspended sediment (Exhibit 7.3 and Appendix B)
which could exacerbate the direct scouring effect on stream organisms.  Dislodging of organisms
likely occurs with increased frequency and severity compared to watersheds in which hydrology
and habitat have been less extensively modified.  The second (2001) sampling at Radar Road
provides an example of the effects of scour.  Benthos were less abundant and diverse than in the
earlier sampling, which followed a period of more stable flows.  In addition to its direct impact
on biota, scour also results in loss of habitat such as leafpacks and twigs (discussed above).
Reedy Fork, with a much less developed watershed, does not respond as quickly to precipitation
and likely experiences less frequent and intense periods of scouring flows.

The effects of scour, while difficult to isolate from other factors associated with a developed
watershed, are very likely an important stressor and contribute to impairment of the
macroinvertebrate community.

Toxic chemicals.  Toxicity was evaluated as a potential contributor to impairment due to the
diverse range of land uses and source activities in the watershed.  Four lines of evidence are
relevant:  benthic community data; in-stream bioassay data; sediment chemistry and bioassay
data; and chemistry monitoring data.

Benthic macroinvertebrates clearly indicated likely toxic impacts at all mainstem locations
except the most downstream site.  Toxicity was indicated by both the taxonomic composition of
the benthos and by deformities of organisms.  Toxic impacts appeared to be most acute in the
mainstem headwaters, declining downstream.  A Chironomus (midge) deformity score of 85 at
Ballinger Road indicates substantial toxic impacts to the midge community, while the score of 45
downstream at Bledsoe Drive is indicative of diminished but still notable toxicity.  Midge
deformities were not found at the most downstream location (Battleground Avenue), indicating
that toxic impacts had significantly lessened by that point.  Benthic macroinvertebrate data send
a very strong signal that toxicity is significant.

Grab samples and passive sampling devices detected a wide range of toxicants in the water
column, many at relatively low concentrations.  Several metals, including copper, silver, zinc,
iron, manganese and aluminum, exceeded NAWQC on occasion (Section 5 and Appendix B).  In
some cases (e.g., copper), exceedences of NAWQC were commonplace.  Only total metals
concentrations were analyzed and bioavailability could not be evaluated analytically.  The
pesticides diazinon and chlorpyrifos were detected at concentrations exceeding screening values.
High levels of MBAS (anionic surfactants) were also present.  Though no toxicity was measured
in laboratory bioasssays (see below), concentrations of diazinon and MBAS were high enough
that toxic effects would be expected based on literature toxicity data (Section 5).

It is unlikely that the limited number of samples collected during the study captured the full
variability in pollutant concentrations, and higher levels of pollutants probably periodically
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occur.  Additionally, NAWQC and other screening values are not available for many current use
pesticides.  For more than 20 other organic compounds analyzed, screening values were lower
than laboratory detection limits (Appendix B).  Whether these analytes were present in
concentrations likely to be toxic is thus unknown.

Toxic impacts, especially if caused by storm inputs, can be very episodic and difficult to identify
clearly.  Even though water column toxicity analyses were performed on numerous occasions
and toxic conditions (test failures) were not documented by these tests, one cannot rule out
toxicity at other times due to the occurrence of spills or infrequent incidents that occurred
between sampling events.  Additionally, determining how laboratory bioassays apply to the in-
stream context is sometimes not straightforward.  While laboratory bioassays are very useful in
integrating the impacts of multiple pollutants (accounting for cumulative effects), laboratory
conditions often will not reflect actual in-stream exposures (or other conditions) or account for
the full range of biological responses (Burton and Pitt, 2001; Herricks, 2002).  For example,
stream organisms may experience multiple stresses over an extended period of time (such as
repeated pulse exposures to various pollutants), a situation difficult to duplicate in laboratory
bioassays.  While difficult to assess, the long-term cumulative effects of frequent exposures is
likely important (Burton and Pitt, 2001).  Also, volatile toxicants can escape from a sample and
result in toxicity test conditions that are not representative of in-stream toxicant levels (see
Section 5).   

Sediment chemistry analyses and bioassays were performed on samples collected at Ballinger
Road and Bledsoe Drive, where benthic toxicity was indicated by macroinvertebrate deformities.
Chemical analyses identified cadmium, copper and several chlorinated pesticides at
concentrations in the conservative benchmark range, indicating possible though not likely
toxicity.  Long-term bioassay tests of these sediments did not indicate toxicity.

Evidence bearing on potential toxicity is diverse and difficult to synthesize.  However, benthic
community composition and midge deformities strongly suggest that toxic stressors impact
macroinvertebrates.  This is especially true in the upper half of the watershed, with the direct
indicators of toxicity declining further downstream.  Toxicity is considered a primary cause of
impairment in Horsepen Creek.  The specific pollutants responsible for this toxicity cannot be
clearly identified.  Diazinon, chlorpyrifos, MBAS and various metals have all been documented
at levels that could potentially cause toxic effects.  But the relative importance of these pollutants
– or contaminants not identified by current sampling – cannot be determined with the available
data.
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Exhibit 7.1  Reedy Fork Creek near benthic sampling site

Exhibit 7.2  Shifting channel bars, Horsepen Creek at US 220 (Battleground Avenue)
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Exhibit 7.3  Confluence of King George Branch with mainstem (foreground) near Ballinger Road.
Summer shower produced higher turbidity in King George Branch.

Organic enrichment.  Organic enrichment was considered as a candidate cause of impairment
due to nonpoint sources of organic inputs and a scarcity of reaerating riffles in Horsepen Creek.
Two lines of evidence are relevant here:  benthic community data and water chemistry data.

An evaluation of the available benthic macroinvertebrate data showed the presence of taxonomic
indicators of organic enrichment at all of the mainstem sampling sites except the uppermost
location at Radar Road.  Such taxa appear to increase at downstream sites.  In addition to other
indicators, the fact that Chironomus were sufficiently abundant at the lower three mainstem
sampling locations to conduct a midge deformity analysis is itself an indicator of some
enrichment.  An apparent increase in the abundance of organic enrichment/low DO indicator taxa
in the lower portion of the watershed may reflect the reduction in toxicity, rather than an increase
in severity of enrichment impacts.

Monitoring of dissolved oxygen levels in Horsepen Creek and its tributaries provided evidence
of sporadic and localized low DO levels.  Levels of dissolved oxygen that would be expected to
have a negative impact on benthos were not observed in the mainstem of Horsepen Creek.
However, given that periodic monitoring documented DO levels between 4 and 5 mg/L at a
number of mainstem and tributary locations (Section 5), it is likely that even lower DO levels
occur on at least an occasional basis.

BOD, nitrogen and phosphorus levels are elevated, although the biological response of free-
flowing streams to organic loading is highly variable, and depends upon shading, stream velocity
and other factors.  It is thus difficult to use in-stream nutrient concentrations to determine
whether nutrients are a cause of benthic impairment.
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The fact that streamflows were lower than normal for most of the study period (Section 2) could
contribute to DO levels that are atypically low for Horsepen Creek.  DO levels may be higher
during years of normal streamflow, and perhaps biological indicators of stress from organic
enrichment would not be evident under such conditions.

While low streamflows make it difficult to draw conclusions regarding the role of organic
enrichment, current benthic data clearly indicate that exposure to low DO conditions must be
frequent or intense enough to affect community composition at present.  At least during the
current low flow period, this important stressor plays a role in biological impairment.
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☛  Background Note: The Stress-Recovery Cycle

Even in relatively pristine streams, aquatic organisms are exposed to periods of stress.  Natural stresses due to high
flows during storms, low flows during hot dry summer periods or episodic large sediment inputs (e.g., from slope
failures in mountain areas or breaching of beaver dams) can have significant impacts on stream communities.
Although aquatic communities in high quality streams may be impacted by such disturbances, and some species may
be temporarily lost from particular sites, populations are able to reestablish themselves--often very quickly--by
recolonization from less impacted areas or refugia (see Yount and Niemi, 1990; Niemi et al., 1990).  This process
can involve recolonization from backwater areas, interstitial zones (spaces between the cobble and gravel substrate),
the hyporheic zone (underground habitats just below the stream bed surface layer) or other available microhabitats.
Repopulation from headwaters or tributary streams not impacted by the disturbance can also occur.  For insects
aerial recolonization is important as well.

Without robust mechanisms of recovery, even streams subjected to relatively modest levels of disturbance would be
unable to support the diversity of aquatic organisms that they often do (Sedell et al., 1990; Frissell, 1997).  This
balance between local elimination followed by repopulation is critical to the persistence of fish, macroinvertebrates
and other organisms in aquatic ecosystems, and is part of what we mean when we say that these creatures are
"adapted" to their environment.

It is now commonly recognized that as watersheds experience increased human activity, stream biota are subjected
to higher levels of stress.  This can include both an increased frequency, duration or intensity of ‘natural’ types of
disturbance, such as high flows, as well as completely new stresses, such as exposure to chlorinated organic
chemicals.  We less often realize, however, that many of these same activities often serve to inhibit those
mechanisms that allow streams to recover from disturbances--in particular movement and recolonization (Frissell,
1997).  For example, as watersheds develop:

•  channel margin and backwater refugia may be eliminated as bank erosion or direct channel modification
(channelization) make channel conditions more uniform and habitat less diverse;

•  edge habitat, such as root mats, may be unavailable to biota due to lowered baseflows;
•  access to interstitial and hyporheic areas may be limited by sediment deposition;
•  impoundments may limit or eliminate drift of organisms from upstream;
•  small headwater and tributary streams may be eliminated (culverted or replaced with storm drain systems);
•  remaining headwater and tributary streams may be highly degraded (e.g., via channelization, removal of

riparian vegetation, incision and widening due to increased stormflows, or decreased baseflows);
•  aerial recolonization of macroinvertebrates may be diminished by the concomitant or subsequent degradation of

streams in adjacent watersheds; and
•  fish migration is often limited by culverts or other barriers.

As human activity intensifies, aquatic organisms are thus subjected to more frequent and more intense periods of
stress, while at the same time their ability to recover from these stresses is severely compromised.  It is the
interaction between these two processes that results in the failure of many streams to support an acceptable
population of fish or macroinvertebrates.

Efforts to restore better functioning aquatic communities in degraded streams must consider strategies to both reduce
the stresses affecting stream biota and to protect and restore potential refugia and other sources of colonizing
organisms.  Under some conditions, the lack of adequate recolonization sources may delay or impede recovery.
Protecting existing refugia and those relatively healthy areas that remain in impacted watersheds should be an
important component of watershed restoration efforts (McGurrin and Forsgren, 1997; Frissell, 1997).
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7.1.4 Conclusion

Aquatic organisms in the Horsepen Creek watershed are exposed to a variety of stressors which
appear to be important factors causing impairment.  The relative contribution of these stressors
cannot be clearly differentiated.  Based on the available data, it appears that toxic impacts are
probably the most important single factor and can be considered a primary cause of impairment.
The direct impacts of toxicity are pervasive in the upper half of the watershed.  While direct
impacts further downstream are probably more limited, indirect impacts occur since upstream
toxicity severely limits potential recolonization to downstream areas.  Scour, habitat degradation
and organic enrichment are also significant factors that cumulatively help to cause impairment.

7.2 Sources of Impairment

Toxicants.  The particular toxicants of primary importance have not been clearly identified,
though it is likely that a variety of toxicants impact the stream at various times and that the
cumulative impact of these contaminants is important.  Potentially important sources exist
throughout this highly developed watershed, but the gradient in biological toxicity indicators
strongly points to the densely developed headwaters upstream of Ballinger Road as the most
critical source area.  This area includes major rail and highway arteries, petroleum storage and
transfer facilities, commercial areas and a variety of industrial activities (Section 2).  PTIA
occupies about 1300 acres in this portion of the watershed and is also a potential source of a
variety of toxicants.  Toxic chemicals could enter the stream with storm runoff, seepage from
groundwater, from periodic spills or unpermitted discharges to the storm sewer system.

Review of the effluent self-monitoring data from the three NPDES discharges—a groundwater
remediation project and two petroleum terminal stormwater treatment facilities—did not indicate
a likely source of toxicants.  Two of the treatment systems have zero discharge except for a few
days per month; effluent volume is low and the effluents have been well below their respective
discharge limits.

Scour and habitat degradation.  EPA defines hydromodification (source category 7000) as the
alteration of the hydrologic characteristics of surface waters resulting in degradation of resource
conditions (USEPA, 1997).  Two types of hydromodification are the primary reasons for habitat
degradation in the study watershed:  channelization (alteration of channel morphology,
dredging); and higher stormflows due to the increase in impervious surfaces associated with
development.  The latter factor is the primary reason for the frequency and intensity of scouring
flows, although channelization is also a contributor due to the elimination of channel complexity.

The historic channelization of the stream had both direct negative impacts on channel conditions
and aquatic habitat and enduring indirect effects on bank stability.  Considerable bank erosion
occurred over a period of decades as Horsepen Creek incised and then widened.  With the
incision of Horsepen Creek, tributary streams that had not been channelized incised due to a
lowering of local base level, degrading habitat in those streams and providing an additional
source of sediment to Horsepen Creek.  These processes resulted in high, steep banks with
inadequate vegetative protection, making these channels more vulnerable to future disturbances.
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Impervious areas have greatly altered the hydrologic characteristics of the entire study area,
especially in the upstream portion.  Much rainfall that previously infiltrated into the soil or
gradually flowed into streams through feeder channels now falls on impervious areas and is
collected by storm sewers which efficiently route runoff to major streams.  The resulting increase
in the stormflows (peak flows, total stormwater volume, and the frequency of erosive flows) can
often be sufficient in itself to cause bank erosion and/or incision.  Stormwater control structures
and practices which have been in effect in recent years have not been sufficient to stop the
ongoing stream bank erosion.

While most sediment observed in the stream likely has its origins within the channel system,
inputs of sediment from eroding upland areas are also a factor.  As discussed in Sections 2 and 6,
agriculture was an important source of sediment historically, but has not been significant recently
in the study area and is not currently an important contributor to impairment.  Given the level of
construction activity around PTIA and in the I-40 and Bryan Boulevard corridor areas over the
past 20 years, it is likely that substantial sediment inputs from those activities occurred.  Whether
substantial quantities of this material remains in the channel network is not clear.  Current upland
sources of sediment include road building and other construction activities concentrated in the
Friendly Avenue, New Garden Road and Horsepen Creek Road areas of Greensboro.

Organic enrichment/low dissolved oxygen.  It was not possible to distinguish between the
impacts of organic loading and lower than normal streamflows due to current drought conditions.
Urban hydrologic impacts are an additional factor, contributing to lower DO levels due to lower
baseflows and wider baseflow channels that result in slower velocities and lower water levels
that are more easily subject to heating.  Potential sources of BOD and nutrients are ubiquitous in
a developed watershed such as this one and include leaking sewer lines, illegal connections to the
storm drain system, fertilizer inputs from managed turf areas and a variety of organic debris
(both trash and natural material).  Specific contributors of organic inputs were not evaluated and
it is likely that loadings to Horsepen Creek are the result of a multitude of smaller sources rather
than large isolated inputs.

7.3 Other Issues of Concern

Only small fish of the minnow family were routinely observed in the course of this study.
Though DWQ has not collected data on fish communities in Horsepen Creek, sampling
conducted by the City of Greensboro indicates a poor fish community in the Battleground
Avenue area.  The habitat for fish is poor, due in large part to sedimentation.  Riffle areas,
important for many stream species, are absent from most reaches.  Pools are transitory and
generally small, while bank cover is uncommon.

Sediment and nutrients from Horsepen Creek are transported to Lake Brandt where they have
negative resource impacts.  Sediment, whether its origin lies within the channel or in eroding
uplands, continues to degrade habitat and reduce reservoir capacity, while nutrients contribute to
eutrophication.

Limited recolonization potential from within the watershed is a concern.  Downstream drift of
benthic organisms is a very important mechanism for the maintenance of benthic



Section 7:  Analysis and Conclusions:  Causes and Sources of Impairment 72

macroinvertebrate populations, allowing for more rapid recovery from disturbance than other
mechanisms such as aerial recolonization.  The lack of quality upstream sources of colonization
is likely a contributor to biological degradation in the lower watershed.  Streams draining to
Horsepen Creek from the undeveloped areas just outside the Greensboro limits (e.g., Jessup
Grove Branch) currently provide the mainstem with the only good source of macroinvertebrate
colonization from within the watershed.  The protection of these refugia is critical to preserving
the restoration potential for Horsepen Creek once the impact of the stressors described above has
been reduced.

This study did not investigate the potential thermal impacts of watershed development on stream
organisms.  Stream biota can be subject to stress from the increased heating characteristic of the
urban environment (warmer ambient water temperatures due to a generally warmer landscape),
or to rapid increases in temperature (especially during summer storms) as rainfall hitting hot
paved surfaces is heated and rapidly transported to streams.  Discharges from shallow wet ponds
can also contribute water with elevated temperatures, if there is sufficient time for heating before
discharge (Horner et al., 1994; Burton and Pitt, 2001).  It is likely that these factors serve as an
additional stressor to aquatic organisms in urban watersheds in North Carolina, but the
importance of thermal impacts was not specifically evaluated in Horsepen Creek.
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Section 8
Improving Stream Integrity in Horsepen Creek:

Recommended Strategies

As discussed in the previous section, impairment in Horsepen Creek is due to toxicity from
nonpoint source inputs as well as the cumulative effects of:  scour; habitat degradation; and the
effects of low DO and elevated organic inputs, potentially exacerbated by low flow conditions.
Future development will also pose a threat to some streams in the Horsepen Creek watershed due
to the potential for additional sediment inputs during construction and modification of watershed
hydrology that will yield increased stormflows.  This section discusses how these problems can
be addressed.  A summary of recommendations is included at the end of the section.

8.1 Addressing Current Causes of Impairment

The objective of efforts to improve stream integrity is to restore water quality and habitat
conditions to support a more diverse and functional biological community in Horsepen Creek.
Over the past century Horsepen Creek has experienced major physical disturbance and pollutant
inputs.  Because of the widespread nature of biological degradation and the highly developed
character of the watershed, bringing about substantial water quality improvement will be a
tremendous challenge.  Yet the watershed has not been so highly modified as to preclude
improvements in stream integrity.  Watershed imperviousness in the intensely developed
headwaters area (37%) is high enough to cause severe hydrologic impacts.  In much of the mid-
and lower-watershed, however, medium-density residential development with imperviousness in
the 20% range predominates.  A return to the relatively unimpacted conditions that existed prior
to widespread agriculture and urbanization is not possible, but Horsepen Creek can potentially
support a healthier biological community than it does today.  Additionally, the quantities of
sediment and other pollutants transported to Lake Brandt, a drinking water supply reservoir, can
be reduced.

As discussed in Section 7, while the key factors causing impairment in Horsepen Creek have
been identified, their interrelationship remains unclear.  Additionally, there are inherent
uncertainties regarding how individual BMPs cumulatively impact receiving water chemistry,
geomorphology and habitat (Shields et al., 1999; Urbonas, 2002), and in how aquatic organisms
will respond to improved conditions.  For these reasons, the intensity of management action
necessary to bring about a particular degree of biological improvement cannot be established in
advance.  This section describes the types of actions needed to improve biological conditions in
Horsepen Creek, but the mix of activities that will be necessary – and the extent of improvement
that will be attainable – will only become apparent over time as an adaptive management
approach is implemented (see Section 8.3).  Management actions are suggested below to address
individual problems, but many of these actions are interrelated (e.g., particular BMPs or systems
of BMPs can be designed to serve multiple functions).



Section 8:  Improving Stream Integrity in Horsepen Creek:  Recommended Strategies 74

8.1.1 Scour

Frequent periods of high-velocity stormflow dislodge benthic organisms and contribute to habitat
degradation.  This will continue unless some of the hydrologic impacts of existing development
can be abated.  Existing stormwater BMPs, of which there are many in this watershed, serve to
mitigate the problem to some extent.  However these structures, designed to control the first half
inch or inch of runoff (depending on their age), were intended primarily to address pollutant
removal, not hydrologic impacts.  Considerable development occurred prior to any BMP
requirements.  Additional stormwater controls are necessary to partially restore watershed
hydrology by reducing runoff volume and reducing the frequency and duration of erosive flows.

Stormwater retrofits are structural stormwater measures (best management practices or BMPs)
for urban watersheds intended to lessen accelerated channel erosion, promote conditions for
improved aquatic habitat and reduce pollutant loads (Claytor, 1999).  A range of practices,
including a variety of ponds and infiltration approaches, may be appropriate depending on
specific local needs and conditions.  Practices installed to reduce hydrologic impacts will also
provide varying degrees of pollutant removal.

Stormwater retrofit options.  Available structural and nonstructural retrofit practices to reduce
hydrologic impacts and remove pollutants have been discussed widely in the literature (e.g.,
ASCE, 2001; Horner et al., 1994) and detailed in state BMP manuals (e.g., NCDWQ, 1999;
Maryland Department of the Environment, 2000).  Some of these include:

•  detention ponds;
•  retention (wet) ponds;
•  stormwater wetlands;
•  bioretention;
•  infiltration structures (porous pavement, infiltration trenches and basins);
•  vegetative practices to promote infiltration (swales, filter strips);
•  ‘run on’ approaches (regrading) to promote infiltration;
•  reducing hydrologic connectivity (e.g., redirecting downspouts to pervious areas);
•  education to promote hydrologic awareness; and
•  changes in design/construction standards.

Determining which BMPs (or which combination of practices) will be most feasible and
effective for a particular catchment depends on numerous site specific and jurisdictional specific
issues, including:  drainage patterns; size of potential BMP locations; treatment volume needed
considering catchment size and imperviousness; soils; location of existing infrastructure; and
other goals (e.g., flood control, pollutant removal).  Considerations in the identification of retrofit
sites are discussed by Schueler et al. (1991) and Claytor (1999).

DWQ encourages the consideration of a wide range of practices and approaches.  Ponds of
various types are probably the practice most familiar to engineers and can indeed be versatile and
cost-effective.  Detention alone does not reduce stormwater volume; however, though the rate
and timing of discharge can be controlled.  It is important to carefully examine infiltration
practices, including both structures and ‘behavioral’ changes such as redirecting downspouts to
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pervious areas.  While there are clearly limits to the usefulness of infiltration, based on soils,
water table levels and other factors (Livingston, 2000) these practices are often underused.
Design approaches to minimize runoff volume are also important tools (Caraco et al., 1998;
Prince George’s County DEP, 2000).  Some retrofit methods may have negative side effects that
must be carefully considered.  For example, regional wet detention facilities, though they may
remain a viable alternative in some situations, can disrupt recolonization, alter the food/energy
source available to downstream biota, and, depending upon design and operation, reduce or
eliminate downstream baseflows (Maxted and Shaver, 1999; Schueler, 2000a).

Retrofitting of existing BMPs to allow for the extended detention of larger storms (e.g., the 1-
year 24-hour storm) is one potentially cost-effective strategy that should be explored.
Appropriate BMP opportunities may also exist in areas developed prior to stormwater control
requirements.  During the process of developing its stormwater master plan for Horsepen Creek,
the City of Greensboro has thus far identified seven potential sites which upon preliminary
review appear to be feasible stormwater retrofit projects (Table 8.1 and Figure 8.1).  Most of
these are located in the upper portion of the watershed, where development and impervious cover
is high.  These proposed BMPs are described in more detail in Appendix E.

Table 8.1 Potential Stormwater Retrofit Locations Identified by the City of
Greensboro in the Horsepen Creek Watershed+

Site
ID*

Proposed
Retrofit

Impervious
Acres

Treated

Estimated
Cost

Cost per
Acre

Treated

1 Expansion of existing wet pond near the intersection of
West Friendly Ave. and Old Friendly Rd.

18.7 $427,000 $22,834

2 Construct stormwater wetland at the intersection of Old
Friendly Rd. and Distribution Dr.

8.4 $122,000 $14,524

3 Construct bioretention area along Market St. east of the
intersection with N. Chimney Rock Rd.

8.1 NA NA

4 Construct wet detention pond near Harris Teeter
Distribution Center on Radar Rd.

29.7 $437,000 $14,714

5 Construct bioretention area to treat runoff from APL
Logistics Warehouse facility (adjacent to Rhodes
Distribution Center) off of Chimney Rock Rd.

4.5 $228,000 $50,667

6 Retrofit existing pond at British Lake Townhomes near
Battleground Ave. into an wet detention pond for
stormwater control.

66.5 $326,000 $4,902

7 Construct stormwater wetland adjacent to Horsepen Creek
near the intersection of Fleming Rd and Joseph Bryan Blvd.

9.2 $138,000 $15,000

* See Figure 8.1 and Appendix E.
+ Cost estimates include design, construction and contingency.  Land acquisition and maintenance not included.  NA indicates

cost estimate not available.

Recommendation.  What is feasible or cost-effective in the way of retrofitting a developed
watershed like Horsepen Creek is constrained by existing conditions.  Conditions change,
however, and a long-term commitment to partially restoring watershed hydrology will be
necessary to create opportunities and take advantage of the available options.  In order to have a
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biologically meaningful impact on watershed hydrology, cost-effective projects will have to be
sought out and implemented over an extended time frame.

1. Short-term.  Over the next decade, the potential retrofit projects identified thus far by the
City of Greensboro should be further evaluated and implemented if found to be feasible and
appropriate.  The City should continue to investigate other project possibilities, including
both upgrades of existing BMPs and the identification of viable projects in areas developed
without stormwater controls.  The PTIA should actively investigate stormwater retrofit
projects on airport property and implement those that are feasible given current infrastructure
constraints.

2. Mid-term.  Road realignment, sewer line and bridge replacement and other infrastructure
projects will likely make feasible other retrofit opportunities over the next 10-20 years.  Such
projects should be pursued and the search for retrofit opportunities should be integrated into
the capital improvement planning process.

3. Long-term.  Over a more extended period, cost-effective restoration opportunities are likely
as portions of the watershed are redeveloped incrementally (Ferguson et al., 1999).  An
ongoing awareness of retrofit needs and changes in development regulations may be
necessary to help create and take advantage of these opportunities.

The primary focus should be on the upper watershed (the Horsepen Creek headwaters, King
George Branch, Sherwin Branch and smaller tributaries), including the Piedmont Triad
International Airport.  Efforts here will have benefits throughout the middle and lower reaches of
Horsepen Creek and will also facilitate channel restoration activities (see below).  However, this
focus should not preclude the implementation of viable projects elsewhere in the watershed.

Costs.  Stormwater retrofit costs are difficult to estimate until specific practices and locations
have been selected.  Unit costs vary greatly with the size of the area treated and various site-
specific factors.  Using data from the mid 1990s, Schueler (2000b) reported that typical costs for
stormwater ponds were about $5,000 per impervious acre treated for projects covering 100
impervious acres, but $10,000 per impervious acre treated for projects treating 10 impervious
acres.  Treating a single acre cost an average of $25,000 or more.  Costs estimates developed by
Dewberry & Davis, Inc. for the projects identified by Greensboro (Table 8.1), though
preliminary, indicate that retrofit projects in the Horsepen Creek watershed are probably within
this general range.

Only gross estimates of total costs are possible.  Claytor (1999) suggests that a minimum of 50%
of a watershed be retrofitted.  King George Branch, for example, has approximately 323
impervious acres (2.1 square miles, or 1344 acres, times an imperviousness of 24%).  Assuming
a typical cost  $10,000 per impervious acre, it would take approximately $1.6 million to retrofit
160 impervious acres.  This approaches $1 million per square mile of total watershed area.  This
estimate should be used only as a general indication of the likely scale of effort that may be
necessary.  Actual total costs may be higher or lower depending on many factors, including the
extent to which a sufficient number of viable retrofit projects can be identified.  These cost
estimates do not include land acquisition.  On the other hand, the scope of effort (and total costs)
could potentially be reduced to some extent once the presence of existing BMPs is accounted for.
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Some cost reduction may also be possible if retrofits are planned and implemented in
conjunction with anticipated capital improvements and infrastructure enhancements.  The
potential connection between watershed restoration and infrastructure issues has been
increasingly recognized by local governments (e.g., City of Austin, 2001; Montgomery County
DEP, 2001).

8.1.2 Habitat Degradation

This section outlines a general approach to improving habitat conditions in Horsepen Creek and
discusses more specific recommendations for initiating restoration efforts.

Background.  Habitat deterioration in Horsepen Creek is driven by hydromodification of two
types—long-term adjustments to past channel modification, and the hydrologic impacts of recent
and ongoing development.  In the absence of further management actions, substantial channel
adjustment (erosion and deposition), with resulting poor habitat for fish and macroinvertebrates,
will likely continue until development in the watershed slows.  Given adequate time, the stream
would develop a channel morphology in equilibrium with the stabilized hydrologic conditions of
the watershed.  Greatly improved aquatic habitat may not follow stream stability, even after a
substantial period of time.  The hydrologic regime in the urban environment can produce
frequent periods of high velocity scouring flows.  Low baseflows and a wide baseflow channel
may also limit biological potential.  Sediment transport would likely be less significant once the
channel stabilizes.

Relying on channel stabilization and restoration alone to substantially improve aquatic habitat
and biological conditions in this watershed does not have a high probability of success.
Although channels can be designed to remain stable under existing hydrologic conditions, stress
on aquatic organisms (e.g., due to scour during storms) will still be considerable and may often
limit the resulting biotic diversity.  Partial restoration of watershed hydrology--the mitigation of
some of the hydrologic impacts of existing development--is often a prerequisite for substantial
improvement of urban stream habitat.  Recommended stormwater quantity retrofit measures
were discussed above.

Significant improvements in aquatic habitat are unlikely as long as the channel network remains
unstable.  The alternative to waiting for the channel to develop a stable form on its own is a large
scale stream channel restoration effort to create a stable channel morphology.  It is not likely that
smaller scale habitat improvement efforts would be adequate to reverse the widespread decline in
aquatic habitat.  Even if effective in improving habitat in localized areas, such areas would be
largely isolated from one another and would not function well ecologically.  Further, such an
approach would do nothing to address the large sediment loads Horsepen Creek contributes to
Lake Brandt, or the loss of infrastructure or streamside property caused by bank erosion.

General Approach.  Both stream channel restoration and stormwater retrofits to control
stormwater volume and reduce the frequency and duration of erosive flows are necessary to
address the poor habitat (channel) conditions in Horsepen Creek.  Specifically:

1. The entire mainstem of Horsepen Creek below Stage Coach Trail (approximately 5 miles to
US 220), as well as many tributary channels, should eventually be restored to a stable
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morphology.  While channel condition varies, it would generally be most effective to restore
the upper portion of this area first, so that sediment from upstream channel erosion does not
complicate efforts to stabilize downstream portions of the channel.

2. Existing stormwater BMPs, of which there are many in this watershed, should be
supplemented with further measures to reduce runoff volume and partially restore watershed
hydrology, as discussed above.

3. Channel restoration and stormwater BMPs should be implemented in an integrated fashion so
that both channel morphology and watershed hydrology problems are addressed using a
coordinated approach in individual subwatersheds.  Given the scope of the problem,
restoration efforts must be implemented incrementally over an extended period of time.
Ongoing planning will be a necessity.

Since overall channel morphology is unstable, simple bank stabilization will not be effective in
addressing existing problems.  Stream channel restoration is necessary to reestablish a stable
channel dimension (cross-section), pattern (sinuosity and planform) and longitudinal profile
(slope).  While other options exist (see NCSU, 2001 and 2002), the most feasible approach to the
restoration of most channels in this watershed is probably to construct appropriate floodplain
area and channel form within the existing incised channel (Rosgen priority 2 or priority 3
approach).  The specific restoration strategy selected will depend upon the stream corridor width
available (belt width), among other factors (NCSU, 2001 and 2002; Rosgen, 1997).

The NC Wetlands Restoration Program has completed a restoration project in the watershed,
restoring 1800 linear feet of Price Park Branch near New Garden Road in Price Park.  As part of
the mitigation plans for its proposed expansion, PTIA proposes to restore 4960 linear feet of
channel in Horsepen Creek and King George Branch in the Longview Golf Course near their
confluence.  The proposed mitigation also includes the creation and restoration of nearby
wetland areas.  These efforts can be important initial steps in restoring channel stability and
water quality in the watershed, and evaluation of these projects should provide information
valuable to planning future channel restoration.

Initiating action at the subwatershed level.  Improving habitat conditions in the mainstem of
Horsepen Creek is a long-term objective, but restoration of Horsepen Creek below Ballinger
Road should not be undertaken in the short run.  Habitat in this portion of the Horsepen Creek
will be difficult to restore as long as sediment loads (from upstream bank erosion and upland
construction activities) and stormwater flows from tributary and headwaters areas are not better
controlled.  Short-term goals should, therefore, focus on channel restoration in the headwaters
area and in tributary subwatersheds.  Restoration of the lower mainstem of Horsepen Creek
should be done only after upstream sediment sources have been controlled and upstream
hydrologic conditions have been mitigated to the extent feasible.

Individual subwatersheds should be the operational unit for planning and implementation
(Caraco et al., 1998).  Subwatersheds in the Horsepen Creek study area, which generally range
from one to four square miles in area, are an appropriate size for productive watershed planning.
Development of channel restoration plans for individual subwatersheds is beyond the scope of
this report, but a general restoration approach for King George Branch is described below as an
example.
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King George Branch has its headwaters north of the intersection of Market Street and Guilford
College Road, entering Horsepen Creek a short distance below Ballinger Road.  The mainstem of
this stream is two miles in length, with tributary channels (based on 1:24000 scale topographic
maps) totaling an additional two miles.  Impervious areas covered an estimated 24% of the 2.1
square mile watershed in 2000.

Restoration efforts within this subwatershed should include the following steps:

1. Appropriate stormwater retrofit opportunities should be pursued to reduce stormwater
volumes and the duration of erosive flows to the extent practical.  The stream consists of two
branches above the Longview Golf Course.  Appropriate retrofits should be implemented in
both of these catchments.  Wet detention ponds exist in the headwaters, especially on the
western branch near Western Guilford High School and at the new Coble Farms housing
development on Friendly Avenue.

2. The mainstem of King George Branch should be restored from the confluence of its branches
to its mouth, a distance of approximately 0.5 miles; the lower half of this reach is currently
targeted for restoration as part of the PTIA mitigation plan, as mentioned above.  Restoration
opportunities on the two branches should also be evaluated.  The City of Greensboro has thus
far identified a 1000-foot stream channel restoration project on the eastern tributary (see
Appendix E).

3. In general, storm water BMPs should be implemented prior to channel restoration.  Some
BMPs are already in place, and an evaluation should be done to decide if additional measures
are needed prior to, or in conjunction with stream channel restoration.

4. Forested buffers should be restored in areas in which they do not exist.  Property owners
should be encouraged to replant native riparian vegetation along tributary channels from
which such vegetation has been removed.

The initial practices implemented would serve as pilot projects to help familiarize stakeholders
with both the processes and practices of stream channel restoration and stormwater retrofitting.
With appropriate monitoring, these efforts would also provide important information regarding
the extent and pace of biological improvement that can be expected.

Costs and constraints.  The restoration of channel stability and aquatic habitat in Horsepen Creek
will be a major undertaking in terms of technical planning, project implementation, finances and
organizational coordination.  Based on the recent experience of the North Carolina Wetlands
Restoration Program (Haupt et al., 2002) and a number of Maryland counties that have active
restoration programs (Weinkam et al., 2001), costs of at least  $200 per linear foot (about $1
million per mile) should be expected for the restoration of urban stream channels.

Restoring the miles of unstable stream channel in the Horsepen Creek watershed will necessitate
working cooperatively with many property owners.  Stream work would be implemented
gradually over many years, constituting a major logistical challenge that will require patience,
resources and an oversight team dedicated to this activity.  The presence of a sewer line right of
way along much of the Horsepen mainstem and many tributaries, including King George Branch,
will be an advantage in terms of access but a constraint in terms of restoration options.
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8.1.3 Toxicity in the Headwaters Area

Biological data clearly indicate that toxicity is an important contributor to impairment in
Horsepen Creek and that the most important sources of toxicity likely lie upstream of the point
where Horsepen Creek crosses Ballinger Road.  While high levels of some contaminants have
been found, the particular pollutants or mix of pollutants of primary concern remains unclear.
The most important toxicants may vary with time, associated with specific events.

Two broad approaches can be used to address toxic impacts:  structural BMPs to remove
pollutants from stormwater and primarily nonstructural source reduction methods to prevent
pollution inputs (NVPDC, 1996;  Heaney et al., 1999).  These approaches are not mutually
exclusive and a multifaceted strategy drawing on both approaches will be more effective than a
more narrowly focused effort.  A general conceptual strategy to address toxicity in Horsepen
Creek, with a primary focus on industrial and commercial areas in the upper watershed, is
outlined below.  This should be viewed only as an initial framework for planning and
implementing toxicity reduction efforts.  Ongoing planning and strategy reassessment will be
necessary to refine the scope and nature of management efforts.  Gathering additional
information is one component of this effort.

1. Implementation of available BMP opportunities for control of stormwater volume and
velocities.  Recommended earlier in order to reduce scour impacts and improve aquatic
habitat potential, these BMPs will also remove toxicants from the stormwater system (the
extent of removal will vary depending upon the specific structures and pollutants involved).

2. Development of a stormwater and dry weather sampling strategy for the upper watershed.  A
wide range of conventional BMPs can be used to remove pollutants from stormwater runoff
(see ASCE, 2001).  For example constructed wetlands, vegetated swales and various types of
ponds can remove a substantial percentage of metals.  Selection of particular BMPs can
proceed more efficiently; however, if better information on specific target pollutants is
available.  Such information would also aid in the targeting of source reduction efforts
(discussed below).  To address these needs, a monitoring strategy should be developed based
upon further watershed reconnaissance and a review of existing information on industrial
facilities.

3. Implementation of stormwater treatment BMPs, aimed primarily at pollutant removal, at
appropriate locations.  Results of additional monitoring will be important in targeting these
BMPs, although some likely "hot spots" (areas of intense activity or high risk) could be
identified without water quality sampling.  The retrofit sites identified thus far by the City of
Greensboro (described earlier in Table 8.1) may provide important pollutant removal
capacity, especially in the upper watershed.  The further evaluation and implementation of
these and similar retrofit projects should be encouraged.  Proprietary treatment systems can
be considered where adequate space is not available for conventional stormwater BMPs.
Greensboro has identified a number of sites that may be appropriate for such systems (see
Appendix E).
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4. Development and implementation of a broad set of source reduction activities.  Among
activities that should be considered for inclusion in a pollution prevention effort targeted at
industrial and commercial areas are the following:

•  Reducing nonstorm inputs of toxicants by:
a) identification and elimination of illicit connections;
b) inventory/review of existing information on groundwater contamination and

implementation of appropriate remediation measures if warranted;
c) verification that floor drains empty to the sanitary sewer system or appropriate

treatment facilities; and
d) education of operation and maintenance staff regarding proper use of storm drains

and the implications of dumping.
•  Reducing pollutants available for washoff during storms by outreach and technical assistance

to industrial and commercial facilities regarding:
a) materials storage practices;
b) spill prevention procedures;
c) spill control and cleanup procedures; and
d) vehicle cleaning and maintenance practices.

•  Managing water to reduce storm runoff by:
a) routing roof drains and pavement to available pervious areas (may require some

regrading): and
b) proper maintenance of existing BMPs.

Development of a specific pollution prevention strategy is beyond the scope of this study.  Some
elements of a strategy could probably be implemented by enhancing or redirecting existing
program activities.  In other cases new initiatives may be necessary.  While state agencies such
as DWQ and the Division of Pollution Prevention and Environmental Assistance (DPPEA) can
play a role, planning and implementation of a strategy is likely to be more effective if carried out
by local government, agencies and stakeholders.  Greensboro, Guilford County and the Piedmont
Triad International Airport all have important roles to play in this process.

Periodic biological monitoring should be carried out in the headwaters to document the condition
of the benthic community as these actions are implemented.

8.1.4 Organic Enrichment and Low Dissolved Oxygen

As described in Section 7, it has not been possible to distinguish between the impacts of organic
loading, urban hydrologic impacts, and the impacts of drought.  The impacts of urbanization
(e.g., lower baseflows, wider and shallower baseflow channels) can be addressed primarily by
retrofit practices that encourage infiltration of stormwater and by channel restoration, both of
which have already been discussed.  Whether it is feasible to increase infiltration sufficiently to
improve baseflows is unknown, but this is likely to be a difficult task in a highly developed
watershed.

Organic loading can be addressed in a variety of ways, including stormwater treatment.
Research by the City of Greensboro (Yandora and Schneider, 1999) suggests that wet detention
ponds currently in place to treat the first inch of runoff have removal efficiencies of
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approximately 60% for BOD, nitrate and orthophosphorus.  Additional BMPs constructed to
address other issues (see above) are likely to reduce BOD loading.  BMPs targeted at BOD and
nutrient removal may be warranted at high loading areas identified during subsequent
investigation.  Organic and nutrient loading can also be reduced via established practices such as:
the identification and elimination of illicit discharges; education of homeowners, commercial
applicators, and others regarding proper fertilizer use; street sweeping; and catch basin clean-out
practices.

Periodic biological monitoring would also serve to document whether the benthic community
continues to indicate stress from organic enrichment/low dissolved oxygen after streamflows
return to normal and initial management actions have been taken to address sources.

8.1.5 Other Concerns

Many water quality impacts can result from the incremental and cumulative impacts of land
management decisions made by individual residents and property owners throughout the
watershed.  Educational efforts directed at homeowners and managers of commercial and
industrial areas in the watershed would be useful to promote improved riparian zone
management and the appropriate use of pesticides and fertilizers.

8.2 Addressing Future Threats

About one quarter of the watershed, located just outside the current Greensboro limits, is
sparsely developed at the present time.  As discussed in Section 2, more intensive development is
likely here over the next several decades, as sewer lines are extended into these areas.  Projects
like the PTIA expansion and a planned Outer Loop Road will result in additional development
pressure.  Without an effort to mitigate the hydrologic impacts of this development or improve
sediment and erosion control practices for construction, continued water quality degradation is
likely in Horsepen Creek and its tributaries.  Addressing these future threats is essential, or
improvements resulting from efforts to control current sources of impairment may be short-lived
or may never materialize.

Aside from the necessity to prevent future tributary degradation from contributing to continued
impairment in Horsepen Creek, protection is important for several other reasons.  First, a decline
in the biological condition of tributaries may result in the classification of such streams as
impaired.  Secondly, those tributary streams that currently support a more diverse benthic
community than the mainstem are critical to the recovery of Horsepen Creek.  In particular,
streams such as Jessup Grove Branch and the other small tributaries entering Horsepen Creek
from the northwest serve as sources of recolonization for the mainstem.  The preservation and
enhancement of these healthier streams is essential to the recovery of the larger system.

8.2.1 Sediment from New Construction

Significant future sediment inputs would prolong habitat instability even if existing sources of
sediment are addressed.  While bank instability is probably the primary source of sediment in
Horsepen Creek, inputs from construction activities can also be substantial, particularly in the
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case of large highway projects, subdivisions or large commercial/industrial projects.
Observations during the investigation and reports by other agency personnel indicated that
substantial erosion often takes place during construction and that significant sediment inputs to
streams sometimes occur.  Additional sediment inputs from new development can be expected if
future sediment and erosion control practices mirror those of the past.

More effective enforcement of sediment and erosion control regulations on the part of the
sedimentation and erosion control programs operated by Guilford County and the City of
Greensboro (and the Division of Land Resources, for publicly funded projects such as the
planned Outer Loop) will be essential to the prevention of additional sediment inputs from
construction activities.  While a complete evaluation of current sediment and erosion control
practices is beyond the scope of this study, development of improved erosion and sediment
control practices may be beneficial.  Observation suggests that additional emphasis on erosion
prevention--for example, greater attention to the phasing of construction activities and to the
rapid establishment of stabilizing vegetation--would be useful in reducing potential sediment
impacts.  The CWMTF could consider working cooperatively with regulatory agencies and
willing developers to install and monitor innovative approaches that could supplement or serve
as alternatives to current practices and requirements.

8.2.2 Hydromodification Due to Increased Storm Flows

Over the next several decades, overall imperviousness in the watershed is likely to increase from
the current 20% to 30% or more (Section 2).  Both peak discharges as well as the frequency and
duration of high velocity flows can be expected to increase and to negatively affect channel
stability.  Existing conditions in a watershed can greatly affect a stream’s vulnerability to these
hydrologic changes (Bledsoe and Watson, 2001).  As discussed previously, most of Horsepen
Creek is incised, and many stream banks are in poor condition and prone to erosion, making
them highly sensitive to any increase in stormflow.  Given these conditions, increased bank
erosion and/or incision is likely if additional hydrologic change occurs in the watershed.  The
largest changes in imperviousness will occur in the now sparsely populated developed areas just
outside the city limits.  Many streams draining these areas, now relatively stable, are likely to
deteriorate.

New development in the study area is currently subject to post-construction stormwater
requirements implemented by local governments and the PTIA to comply with the state water
supply watershed regulations.  In general low density development in the Horsepen Creek
watershed (built upon area < 24%) is not subject to stormwater control requirements.  High
density development must control the first one inch of runoff.  These practices are not likely to
protect the integrity of downstream channels for several reasons.  First, the current design criteria
(control of the first inch of runoff) serve a pollutant removal function.  They were not intended to
protect stream channels from hydrologic impacts and do not address the impacts of channel
forming flows (see Brown and Caraco, 2001, for a discussion of channel protection).  Secondly,
development below the 24% built upon area threshold can result in significant hydrologic
change.  A variety of studies (e.g., Schueler, 1994; Bledsoe and Watson, 2001) indicate that
impacts to channel morphology and stream habitat degradation occur at levels of imperviousness
as low as 10%.  Given that channel instability and habitat degradation in Horsepen Creek are
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already problematic, it is important that additional hydrologic change in the watershed be
minimized.  Otherwise existing impairment will be prolonged and exacerbated.

Future development will be subject to the post-construction stormwater provisions of the Phase
II stormwater program, which require control of the 1-year 24-hour storm for development with
built upon area exceeding 24%.  This is likely to provide better channel protection than current
regulations, but does not address impacts from development with built upon area below 24%.
Guilford County is required to implement these post-construction requirements by March 10,
2005.  It is likely that substantial additional development will be underway or have received local
approval by that date in this rapidly growing area.

The sensitive channels in this watershed are most likely to be protected from the hydrologic
impacts of new development if post-construction stormwater management efforts include:

1. Rapid implementation of the Phase II post-construction stormwater measures in order to
minimize future development occurring under current requirements (24% built upon area
threshold, control of first inch of runoff).

2. A threshold for the use of stormwater controls that is no higher than 10% built upon area.  To
prevent existing unstable conditions in Horsepen Creek from deteriorating further, post-
construction stormwater control requirements should be applied to all but the lowest density
development.

3. Active promotion of infiltration practices and other approaches to limit stormwater volume in
both low density and high density development (examples include grassed swales and
bioretention areas; see Prince Georges County DER, 2000).

4. Identification of wetland restoration projects or other watershed-based efforts to mitigate for
post-construction stormwater impacts (from both new and existing development) that will not
otherwise be controlled.

8.2.3 Outer Loop Road and Airport Expansion

According to current plans, approximately six miles of Greensboro’s proposed Outer Loop Road
will run through the Horsepen Creek watershed, most of it through the relatively undeveloped
areas west of the creek.  The NC Department of Transportation (NCDOT) is scheduled to begin
construction in 2012.  This large project has the potential to cause significant damage to streams
from direct channel and riparian area disturbance, sediment inputs during construction and post-
construction stormwater runoff.  It will be critical to the health of streams in this area that
NCDOT and other involved agencies insure that steps are taken to avoid impacts from this road
and to minimize impacts that cannot be avoided.  Appropriate actions include:

•  assuring that the final route and roadway design selected avoids and minimizes stream and
riparian disturbance as much as possible;

•  minimizing the hydrologic change due to the road by implementing infiltration practices or
other methods of controlling roadway runoff; and

•  effective implementation of erosion and sediment controls.

PTIA is currently seeking to expand its facilities and operations.  Most of this expansion is
planned for the adjacent Brush Creek drainage.  Potential cumulative and secondary impacts of
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the expansion, including those that may affect the Horsepen Creek watershed, are currently being
evaluated as part of the Section 401 (Water Quality Certification) process.  It is important to the
future water quality of Horsepen Creek that appropriate steps be taken to mitigate any potential
impacts identified through this process.
8.2.4 Riparian Buffers

The riparian areas of Horsepen Creek and its tributaries are subject to local regulations
implemented to comply with the state water supply watershed rules.  These regulations require
that 30-foot wide vegetated buffers be established on perennial streams following development
in low density areas (imperviousness <24%), and that 100-foot buffers be established in high
density areas.  Though officially discouraged, disturbance or removal of existing buffers during
construction is allowable under the rules, as long as the site is replanted in grass or some other
vegetation.  Replanted buffers can provide some pollutant removal, but where existing riparian
forest is removed or highly disturbed during construction, the protection of stream bank and
channel integrity is generally seriously compromised.  Additionally, since buffers are only
required on perennial streams, most of the channel network remains unprotected.

The protection of riparian buffers is critical to limiting the hydrologic impacts of development
and to the attenuation of pollutant inputs.  Whether accomplished through incentives or
regulatory measures, it is important to protect existing forested riparian buffers along perennial
and intermittent streams.

8.3 A Framework for Improving and Protecting Stream Integrity

Watershed restoration of the type necessary to significantly improve Horsepen Creek is clearly
ambitious, but has become more common over the past decade.  Local governments and
watershed-based organizations have increasingly sought to plan and implement long-term
restoration and management strategies that integrate channel, riparian and watershed measures to
address stream issues in an integrated fashion.  The most long-standing example is probably the
restoration of the Anacostia River in the Washington, DC area, for which planning was initiated
in the 1980s (Anacostia Restoration Team, 1991; Metropolitan Washington COG, 1998; Galli,
1999; Schueler and Holland, 2000).  Among the other local areas that have begun to address
these issues are Austin, Texas (City of Austin, 2001); Atlanta, Georgia (CH2M HILL, 1998);
Montgomery County, Maryland (Montgomery County DEP, 2001); Baltimore, Maryland
(Baltimore County DEP, 1997); and Michigan’s Rouge River watershed (Cave and Bryson,
2001; Rouge River Project, 2002).

Restoration projects of this scale require an iterative process of ‘adaptive management’
(Reckhow, 1997; USEPA, 2001).  Considering the scope of activities, logistical complexities and
scientific uncertainties it is not possible to anticipate all necessary actions in advance.  An initial
round of management actions must be planned and implemented, the results of those activities
monitored over time, and the resulting information used as the basis for planning subsequent
efforts.  Additional measures should be implemented as appropriate.  Improvement in stream
condition is likely to be incremental.
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An organizational framework for ongoing watershed management is essential in order to provide
oversight over project implementation, to evaluate how current restoration and protection
strategies are working, and to plan for the future.  While state agencies can play an important
role in this undertaking, planning is often more effectively initiated and managed at the local
level.  A coordinated planning effort involving local governments in the watershed (Guilford
County and Greensboro), as well as a broad range of other stakeholders, will be critical if
conditions in Horsepen Creek are to be improved.  This effort must include the development of a
long-term vision for protecting and restoring the watershed, as well as the specific work that will
be necessary to support a patient approach to planning and implementing projects to move
toward that vision.  The stormwater management plan currently being developed by the City of
Greensboro for Horsepen Creek can be an important building block in a comprehensive effort to
restore and protect this stream, though ongoing involvement of the Piedmont Triad Airport
Authority and Guilford County is also necessary.

8.4 Summary of Watershed Strategies for Horsepen Creek

Many of the most important factors leading to impairment in the study area are systemic in
nature.  Mitigating these problems will require actions that are similarly broad in scope.
Minimizing the potential impacts of future watershed development on watershed hydrology is
also critical, or improvements resulting from efforts to control current sources of impairment are
likely to be compromised.  Addressing these issues will necessitate diverse management actions
implemented over an extended period of time.  The recommendations summarized below are
organized around specific causes of impairment.  These factors have a joint impact on stream
conditions; however, and many management activities have multiple impacts as well.  Remedial
actions are likely to be most cost-effective if implemented in a coordinated fashion based upon a
restoration plan developed by local governments and other stakeholders.

The following actions are necessary to address current sources of impairment in Horsepen Creek
and prevent future degradation.  The intent of these recommendations is to describe the types of
actions necessary to improve conditions in the Horsepen Creek watershed, not to specify
particular administrative or institutional mechanisms for implementing remedial practices.
Action one is the single most important recommendation, although one through four are all
essential to the restoration of aquatic communities in Horsepen Creek.  Actions five through
seven are critical to protect currently intact tributaries from the impacts of new development, and
to prevent further development impacts on the Horsepen Creek mainstem.  The additional
recommended actions will result in limited improvement unless these are accomplished.

1. A strategy to address toxic inputs should be developed and implemented, including a
variety of source reduction and stormwater treatment methods.  Industrial and
commercial areas in the upper watershed, including the Piedmont Triad International Airport,
should be a major focus of this effort.  As an initial framework for planning toxicity
reduction efforts, the following general approach is proposed:
a) Implementation of available BMP opportunities for control of stormwater volume and

velocities.  Recommended below to improve aquatic habitat potential, these BMPs will
also remove toxicants from the stormwater system.
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b) Development of a stormwater and dry weather sampling strategy for the upper watershed
in order to facilitate the targeting of pollutant removal and source reduction practices.

c) Implementation of stormwater treatment BMPs, aimed primarily at pollutant removal, at
appropriate locations.  Greensboro has identified a number of sites that may be
appropriate for such systems.

d) Development and implementation of a broad set of source reduction activities focused on:
reducing nonstorm inputs of toxicants; reducing pollutants available for washoff during
storms; and managing water to reduce storm runoff.  Suggestions for potential source
reduction practices are provided.

2. Feasible and cost-effective stormwater retrofit projects should be implemented
throughout the watershed, but especially in the headwaters area, to mitigate the
hydrologic effects of development (increased stormwater volumes and increased frequency
and duration of erosive and scouring flows).  This should be viewed as a long-term process.
Although there are many uncertainties, costs in the range of $1 million per square mile of
watershed can probably be anticipated.
a) Over the short-term, potential retrofit projects identified thus far by the City of

Greensboro should be further evaluated and implemented where appropriate.  Additional
feasible retrofit opportunities should be developed by Greensboro and the Piedmont Triad
Airport Authority, including both upgrades of existing BMPs and the identification of
viable projects in areas developed without stormwater controls.

b) In the longer term, additional retrofit opportunities should be sought out in conjunction
with infrastructure improvements and redevelopment of existing developed areas.

3. Over the long run, extensive stream channel restoration activities and stormwater
retrofit BMPs should be implemented in order to improve aquatic habitat.  This will
involve a substantial effort that would likely take several decades to fully implement.  Costs
of approximately $1 million per mile of channel should be anticipated:
a) Approximately 5 miles of the Horsepen Creek mainstem below Stage Coach Trail, as

well as several tributary channels, should be restored to a stable morphology.  It would be
most effective to restore the upper portion of this area first, so that sediment from
upstream channel erosion does not complicate efforts to stabilize downstream portions of
the channel.

b) Channel restoration projects and BMPs to control stormwater runoff should be
implemented in an integrated fashion so that both channel morphology and watershed
hydrology problems are addressed using a coordinated approach.

c) Work should be carried out first in tributary and headwaters subwatersheds.  Restoration
of the mainstem of the lower Horsepen Creek should be approached once upstream
sediment sources have been reduced and upstream hydrologic conditions have been
mitigated to the extent practical.

4. Actions recommended above (e.g., stormwater quantity and quality retrofit BMPs) are
likely to reduce organic loading and its impacts to some extent.  Additional activities
recommended to address organic loading include the identification and elimination of illicit
discharges; education of homeowners, commercial applicators and others regarding proper
fertilizer use; street sweeping; catch basin clean-out practices; and the installation of
additional BMPs targeting BOD and nutrient removal at appropriate sites.

5. Current post-construction stormwater management requirements for new development in the
study area are unlikely to prevent further channel erosion and continued habitat degradation,
since stormwater control requirements are limited to the first inch of runoff and apply only to
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development exceeding 24% built upon area.  The new Phase II stormwater program, which
requires control of the 1-year 24-hour storm, should provide better channel protection for
high density areas, but does not address impacts from new development with less than 24%
built upon area.  The sensitive channels in this watershed are most likely to be protected from
the hydrologic impacts of new development if post construction stormwater management
efforts include:
a) Rapid implementation of the Phase II requirement for control of the 1-year 24-hour

storm.
b) A threshold for the use of stormwater controls that is no higher than 10% built upon area.

To prevent existing unstable conditions in Horsepen Creek from deteriorating further,
post-construction stormwater control requirements should be applied to all but the lowest
density development.

c) Active promotion of infiltration practices and other approaches to limit stormwater
volume in both low density and high density development.

d) Identification of wetland restoration projects or other watershed-based efforts to mitigate
for post-construction stormwater impacts that will not otherwise be controlled.

6. Existing local requirements, which allow the disturbance of forested riparian areas during
construction and apply only to perennial streams, will not protect stream bank and channel
integrity.  Whether accomplished through incentives or regulatory measures, it is important
that existing forested riparian zones be protected.

7. The planned Outer Loop Road that will run through the watershed has the potential to cause
substantial stream damage.  It is critical that the NCDOT and other involved agencies take
steps to minimize impacts from this project by:  assuring that the final route and roadway
design selected avoids and minimizes stream and riparian disturbance as much as possible;
minimizing hydrologic change due to the road by implementing infiltration practices or other
methods of controlling roadway runoff; and implementing erosion and sediment controls
effectively.

8. Effective enforcement of sediment and erosion control regulations on the part of the City of
Greensboro, Guilford County and (for publicly funded projects) the NC Division of Land
Resources will be essential to the prevention of additional sediment inputs from construction
activities.  Development of improved erosion and sediment control practices may be
beneficial.

9. The watershed education programs currently implemented by local governments should be
continued and enhanced, with the goal of reducing current stream damage and prevent future
degradation.  At a minimum the program should include elements to address the following
issues:
a) Redirecting downspouts to pervious areas rather than routing these flows to driveways or

gutters.
b) Protecting existing wooded riparian areas on intermittent and ephemeral streams.
c) Replanting native riparian vegetation on perennial, intermittent and ephemeral channels

where such vegetation is absent.
d) Reducing and properly managing pesticide and fertilizer use.
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Division of Water Quality
Biological Assessment Unit

November 15, 2002

Memorandum
To: Jim Blose
Through: Trish MacPherson
CC: Jimmie Overton
From: Niki Flint
Subject: WARP macroinvertebrate sampling of Horsepen Creek Watershed,

Guilford County, 2000-01.

Horsepen Creek is being studied to determine the reasons for degradation of the benthic
community as part of the Watershed Assessment and Restoration Project (WARP).  The
Horsepen Creek watershed is roughly sixteen square miles in area and is located in
Guilford County on the west/ northwest edge of Greensboro in the Cape Fear River basin.
It originates in an industrial area of Greensboro and flows through suburban residential
and commercial areas before reaching Lake Brandt just north of Greensboro.

Macroinvertebrate sampling activities have historically taken place on Horsepen Creek at
US 220 and on an unnamed tributary (UT) to Horsepen Creek in the upper portion of the
watershed at West Friendly Road.  The US 220 site was given a Good-Fair rating in
1986, but declined to a Fair rating in 1993 and 1998.  The UT was sampled at West
Friendly Road in 1992 and 1998, but was too small to rate with the current
bioclassification system.  The site was severely impacted in 1992, with an EPT taxa
richness of 4 and Biotic Index (BI) of 7.59.  The 1998 sampling results were a marginal
improvement with 6 EPT taxa and a BI of 6.80.  Development, urban runoff, and severe
erosion were all cited as possible sources of impact during past sampling activities on
Horsepen Creek and continue to be problems in this catchment.

Methods
 (For a more detailed explanation of methods, please consult Standard Operating
Procedures For Benthic Macroinvertebrates, Biological Assessment Unit, April 2001)

Sampling Methods
Benthic macroinvertebrates were collected using the Division of Water Quality’s
standard qualitative sampling procedure (NCDENR 2001).  This method includes 10
composite samples: two kick net samples, three bank sweeps, two rock or log washes,
one sand sample, one leaf pack sample, and visual collections from large rocks and logs.
For sites having a width of less than four meters at the time of sampling, an abbreviated
“Qual 4” method was used.  In this method, four composites were collected: one kick
sample, one bank sweep sample, one leaf pack sample, and visual collections.  As the
study progressed, it became apparent that an additional modification to sampling
procedure was needed that also collected a representative sample of the chironomid
population, and a rock/log wash was added.  This modification to the “Qual 4” is called
the “Qual 5”.
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The purpose of these collections was to inventory the aquatic fauna and produce an
indication of the relative abundance for each taxon.  Organisms were classified as Rare
(1-2 specimens), Common (3-9 specimens), or Abundant (>10 specimens).

Data Interpretation
Several data-analysis summaries (metrics) can be produced from standard qualitative
samples to detect water quality problems.  These metrics are based on the idea that
unstressed streams and rivers have many invertebrate taxa and are dominated by
intolerant species.  Conversely, polluted streams have fewer numbers of invertebrate taxa
and are dominated by tolerant species.  The diversity of the invertebrate fauna is
evaluated using taxa richness counts; the tolerance of the stream community is evaluated
using a biotic index.

EPT taxa richness (EPT S) is used with DWQ criteria to assign water quality ratings
(bioclassifications).  “EPT” is an abbreviation for Ephemeroptera + Plecoptera +
Tricoptera, insect groups that are generally intolerant of many kinds of pollution.  Higher
EPT taxa richness values usually indicate better water quality.  Water quality ratings are
also based on the relative tolerance of the macroinvertebrate community as summarized
by the North Carolina Biotic Index (NCBI).  Both tolerance values for individual species
and the final biotic index values have a range of 0-10, with higher numbers indicating
more tolerant species or more polluted conditions.  Water quality ratings assigned with
the biotic index numbers were combined with EPT taxa richness ratings to produce a
final bioclassification, using criteria for mountain streams.  The appropriate seasonal
corrections were made as needed.

Small streams not in undisturbed watersheds where the Qual 4 method was used were
considered Not Impaired if they would receive a bioclassification of Good-Fair or better
using DWQ criteria for larger streams.  Small streams that received a bioclassification of
Fair or Poor continued to be Not Rated.  At present, bioclassifications cannot be assigned
to samples collected from small streams where the Qual 4 method is used unless it is a
high quality mountain stream, and then small high quality mountain stream correction
factors were used.  Currently, the Qual 5 method is not rated.

EPT abundance (EPT N) and total taxa richness calculations also are used to help
examine between-site differences in water quality.  When the EPT taxa richness rating
and the biotic index differ by one bioclassification, the EPT abundance value was used to
produce the final site rating.

Habitat Evaluation
Habitat evaluations were made using the Biological Assessment Unit’s Habitat
Assessment Field Data Sheet-Mountain/Piedmont Streams Revs.  4 and 5.  This
assessment assigns a numerical score from 0-100 for the 100m reach of stream sampled
based on channel modification, instream habitat, bottom substrate, pool variety, riffle
habitats, bank stability and vegetation, light penetration, and riparian vegetative zone
width.
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Midge Deformity Analysis
The use of Chironomus mentum deformities is a good tool for toxicity screening (Lenat
1993).  At least 20-25 Chironomus are evaluated for deformities and a “toxic score” is
computed for each site.

BAU data have shown the percent deformities for sites rated Excellent, Good, and Good-
Fair averaged about 5%, with a mean toxic score of about 7.  Sites with Fair and Poor
bioclassifications with stressors considered nontoxic are combined into a
polluted/nontoxic group, with a deformity rate of 12% and a mean toxic score of 18.
"Nontoxic" conditions for this group includes solely organic dischargers (animal wastes)
and natural organic loading (swamps).  Finally, sites affected by a toxic stressor had
higher deformity rates.  A Fair/Toxic group had a 25% deformity rate and a mean toxic
score of 52.  A further significant increase was seen for the Poor/Toxic group: mean
deformity rate = 45%, mean toxic score = 100.

Study Sites
Eight sites were sampled for this project, for a total of eleven samples: four mainstem
Horsepen Creek sites (three of which were sampled twice during the project), three UT
sites (one site per stream), and one reference site.  (See Figure 1.)  Initial sampling for the
project occurred in June of 2000, and included sites on Horsepen Creek at Radar Road,
SR 2145, Bledsoe Drive, and US 220.  An additional sample was taken at Radar Road in
April 2001 in hopes of achieving a better understanding of the effects of toxic inputs in
the upper portions of the watershed on the midge community.  As a comparison, The UT
at West Friendly Road was sampled as well.  This UT ultimately enters Horsepen Creek
just above the SR 2145 site and represents a less industrially developed catchment.  The
sampling completed in July included two additional UTs in the lower portion of the study
area.  The downstream tributary was the largest in the watershed, entered Horsepen Creek
just above the US 220 site, and was sampled at Crosstimbers Drive.  The other UT
drained a less densely populated area of the watershed, entered Horsepen Creek above
Crosstimbers Drive but below Bledsoe Drive, and was located at Chance Road.  In
addition, a reference site was sampled for comparison.  This site was located on Reedy
Fork at SR 2128, in Guilford County.  To better compare reference data with previously
collected mainstem data, the US 220 and SR 2145 sites were sampled again as well.
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Figure 1. Overview of sites sampled in the Horsepen Watershed.  WARP sites are
designated by triangles.  Rectangles and triangles denote WARP sites that were also
historically sampled.  The reference site appears as a circle.

Horsepen Creek at Radar Road
This site is the uppermost location in the watershed study area and was selected to assess
potential impacts from airport and petroleum tank farm runoff.  At this site, a thin line of
shrubs and relatively small trees skirt the stream.  On both sides of the stream, cleared
grass strips border these thin lines of woody vegetation.  Small wooded plots border the
downstream portion of the grassy strips.  Nearby are large industrial warehouses that sit
atop graded hillsides, some of which have eroded severely.  The stream is roughly three
meters wide and of relatively low grade at the sample site just below the bridge.  Bank
erosion is evident but not significant, as the height of the banks are low (less than one
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meter).  Riffles consist of some boulder in addition to relatively equal parts rubble,
gravel, and sand, and includes some of the materials used for stabilization at the bridge.
Rocks and (to a lesser extent) undercut banks and root mats are the main habitat types
available for colonization.  Heavy periphyton and filamentous algal growth was noted,
and embeddedness is relatively significant.

Horsepen Creek at SR 2145 (Ballinger Rd)
This site is located just downstream of Longview Golf Course and the Ballinger Road
bridge crossing, and was chosen to further track suspected toxic inputs and determine
impacts from golf course runoff.  Above the sampling site, the creek flows through the
golf course, unprotected by a wooded riparian buffer.  A series of pools and riffles
created by debris jams and riprap occur in the downstream area of the reach, but the
bottom substrate is mostly sand with active sandbar development.  Banks are vegetated
by small trees and shrubs, though erosion areas are present.  The return sampling of this
site revealed the potential for variation in this stream based on flow.  Stream width in
June 2000 was three meters, but following a period of little rain, dwindled to two meters
wetted stream width.  Because more stream bank was above the water line, areas of
severe erosion were more obvious.  The resulting implication is that the system is
relatively flashy in this area of the watershed.

Horsepen Creek at Bledsoe Drive
This site was selected for additional insight into residential drainage concerns.  The right
bank is paralleled by Bledsoe Drive for about a quarter of a mile, between the intersection
with SR 2136 (Fleming Road- north of the Fleming Road bridge over Horsepen Creek)
and the street’s termination at a residence downstream.  Though the residential areas
surrounding the site were developed about thirty years ago, the impact of this activity is
still evident.  The stream appears to be channelized throughout this segment, with little
meandering and almost vertical banks of uniform height.  Breaks occur in the narrow
twelve-meter riparian zone where runoff from the road is evident.  Erosion areas are
present, though the bank itself is vegetated with a mix of hardwoods, shrubs, and grasses.
A soccer field also serves as a riparian zone break at the upstream area of the reach
sampled.  The left bank has an eight-meter riparian margin and banks that are vegetated
similarly to the right bank, but beyond the wooded zone is a meadow of grasses and
shrubs.  A ditch is present on the left bank across from the soccer field.  The stream is
quite sandy at this site as well, and bar development is significant.  The two “riffles” that
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were sampled consist of constrictions of shallower swift-moving water with traces of
gravel on an otherwise sandy substrate.  Between the two riffles, there is a large deep
pool with relatively high velocity that formed from the undercutting of a sizeable tree.
There is a significant back eddy as well at this location.  Pools are frequent and of
varying sizes.  Instream habitat consists of sticks/leaf packs, snags/logs, and undercut
banks/root mats, but are not notably abundant.  At this site, the stream is approximately
four meters wide.

Horsepen Creek at US 220
This site has been historically sampled by BAU.  Continuity of historical benthic data and
the proximity to a USGS stream gage (therefore, continuity of historical flow data) were
key factors in selecting the site.  This location is also the furthest downstream site on the
stream that can show accumulative effects of upstream impacts and be sampled without
the influences of backup from Lake Brandt.  WARP sampling collections and
assessments were made beginning just upstream of the US 220 bridge.  For the first
sampling, the reach extended from the bridge roughly 75 meters upstream.  A large debris
jam proved a formidable obstacle to sampling, so less than the customary 100 meters was
sampled.  Approximately one third of the area sampled is surrounded by open grassland.
Some manmade stabilization (mostly rip rap) is present, most likely from
commercial/industrial properties abutting the stream and the DOT right of way of the
major roadway at the bridge. A heavily wooded (hardwood) riparian zone frames the
upper two-thirds of the reach.  A deeply entrenched tributary enters the stream just
upstream of the sampled reach.  At the time of the second sampling, the debris jam had
been removed for the most part, so that a
full 100 meters could be surveyed. The two
distinct habitats were again divided into
two-thirds wooded and one-third open, and
the confluence of the tributary was included
in the sampled reach.  For both visits, there
were only two areas that for sampling
purposes were considered “riffles”.  They
are basically areas of shallow swift-moving
water with small amounts of gravel
sprinkled on the otherwise sandy substrate.
The stream exhibits frequent bends
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upstream of the bridge, but is quite channelized around the bridge and downstream to and
beyond the pump station.  Sticks/ leaf packs, snags/ logs and undercut banks/ root mats
are present for macroinvertebrate colonization.  Banks are relatively steep and tall, and
there appear to be areas of fairly severe erosion throughout, including on the insides of
bends.

Unnamed Tributary to Horsepen Creek at West Friendly Road
This tributary enters Horsepen Creek just below the mainstem site at Ballinger Road.
This site was sampled historically by the Division of Water Quality’s (DWQ) Biological
Assessment Unit (BAU).  This portion of the watershed is highly developed, but has
more suburban residential development than the upstream portion of Horsepen Creek
and, therefore, lacks the potential influence of large-scale industrial activity, petroleum
tank farms and the airport.  This allows for comparison with the Radar Road site in
determining industrial versus residential development impacts.  The reach sampled can be
divided into two distinct segments.  The upstream portion is completely open with a grass
lawn that is well maintained to the banks.  The banks themselves are reinforced with
riprap and large blocks of cement.  A thin riparian zone borders the downstream half of
the reach and the banks are vegetated with shrubs, grasses and a few trees.  The
vegetation is healthy with good root systems so that though erosion areas are present,
they are not extensive.  Nora Drive parallels the left bank for the entire sampled area (the
reach is upstream of West Friendly Road), and a few small outfall pipes underneath the
street apparently deliver additional input to the stream, though not at the time of
sampling.  Instream, rocks and cement chunks are available for colonization in the upper
portion of the reach, while root mats are plentiful downstream.  No other types of
instream habitat are available to any great extent.  Substrate overall is a mix of cobble,
gravel, and boulders with moderate embeddedness.  Any sand is found in the upstream
portion amongst the riffles and stair-stepped cement and riprap.  The downstream portion
is basically a series of bedrock steps sprinkled with gravel and cobble, flowing into small
bedrock-bottom pools.  This stream is approximately two meters in width.
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Unnamed Tributary at Chance Road
This small tributary enters Horsepen Creek
downstream of the Bledsoe Drive site.  This
site was investigated because it drains a less
developed portion of the watershed.  In
general, this stream appears to be a small
(approximately one meter in width) and
sandy run system with a few gravel riffles.
Though older residential areas are adjacent
and impose breaks on the riparian zone on
the right side of the stream, the stream is
still surrounded by a heavily wooded
riparian buffer.  Flow conditions appeared to be low at the time of sampling.  Banks are
low, with a few erosion areas present due to the sandy substrate, but with healthy
vegetation.  Instream habitat includes sticks/ leaf packs, snags/ logs, and undercut
banks/root mats in moderate abundance.

Unnamed Tributary at Crosstimbers Drive
This tributary is the largest in the watershed, and drains a densely developed area.
Relatively new subdivisions surround the site, though there is adequate riparian buffer
left in the sampling reach even near the most recently constructed houses.  The channel
has frequent bends.  Bank erosion is moderate and bank vegetation is a healthy mix of
trees and shrubs.  Rocks, undercut banks, and root mats are abundant; sticks, leafpacks,

snags, and logs are all common.  The
substrate is mainly sand and bar
development is evident, but cobble is present
and gravel is relatively abundant.  Riffles are
frequent, but pools were infrequent, as the
reach sampled was more of a riffle-run
system.  A number of half-buried trash items
(plywood, signs, etc.) from local
neighborhoods were present at the time of
sampling.
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Reedy Fork at SR 2128 (Bunch Road)
Reedy Fork proved to be a comparable reference candidate to Horsepen Creek.  It has a
similar drainage area (twenty square miles) and lies in the same ecoregion as Horsepen
Creek (near Oak Ridge in Guilford County), but is still less urbanized and less likely to
be experiencing pollution impacts than Horsepen Creek.  Though habitat issues still exist
in Reedy Fork, water chemistry has not historically been a concern.  The hope in
choosing this site was to show that it may be possible to improve the benthic community
in an impaired stream if the runoff problem is eliminated.  The reach sampled is
downstream of the SR 2128 bridge.  Land use adjacent to the site includes forest, active
pasture, and residential.  There is essentially no riparian zone upstream of the sampling
reach, but within the reach a narrow band of
trees skirts the cow pasture on the right
bank, and a hardwood forest occupies the
left bank.  The stream is a sandy run system,
roughly six meters wide, and exhibits
relatively extensive bar formation.  Though
a mix of healthy trees and shrubs are on the
moderately sloped banks, erosion is
moderate to severe.  The majority of
favorable habitat lays in the abundance of
detritus, snags, and root mats as pools and
riffles are absent for the most part.

Results
 Table 1.  Summary of WARP sampling results of Horsepen Creek.

Horsepen
Radar

Rd
6/14/00

Horsepen
Radar

Rd
4/19/01

Horsepen
SR 2145

(Ballinger Rd)
6/14/00

Horsepen
SR 2145

(Ballinger Rd)
7/12/01

Horsepen
Bledsoe

Dr
6/6/00

Horsepen
US 220
6/6/00

Horsepen
US 220
7/12/01

Total Taxa Richness 31 23 40 48 43 59 56

EPT N 30 7 38 34 24 38 39

Total EPT 3 3 7 5 4 7 6

Biotic Index 7.97 7.90 7.82 7.29 7.35 7.13 6.76

BI Seasonal Corr. N/A 8.09 N/A N/A N/A N/A N/A

EPT BI 7.00 6.78 6.97 6.88 6.72 6.42 5.68

Bioclassification Not Rated Not Rated Not Rated Not Rated Poor Fair Fair

Midge Deform. Score N/A N/A 85 N/A 47 0 N/A

Midge Deform. Rating N/A N/A Toxic- Poor N/A Toxic- Fair Not Toxic N/A

Habitat Score 67 62 45 54 58 53 46

Drainage Area (~mi2) ~2.2 ~2.2 ~4 ~4 ~7.3 15.9 15.9

Sample Type Qual 4 Qual 5 Full Scale Qual 5 Full Scale Full Scale Full Scale
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Table 2.  Summary of WARP sampling results of tributaries to Horsepen Creek and the
reference stream.

UT Horsepen Cr
West Friendly Rd

4/19/01

UT Horsepen Cr
Chance Rd

7/12/01

UT Horsepen Cr
Crosstimbers Dr

7/12/01

Reedy Fk
SR 2128 (Bunch Rd)

7/13/01
Total Taxa Richness 39 60 37 59

EPT N 33 66 29 117

Total EPT 6 13 5 21

Biotic Index 7.12 5.41 6.43 5.40

Seasonal Correction 7.32 N/A N/A N/A

EPT BI 6.89 4.17 6.84 4.77

Bioclassification Not Rated Not Rated Not Rated Good

Habitat Score 63 62 73 55

Drainage Area (~mi2) ~0.6 ~0.65 ~3.5 20.6

Sample Type Qual 5 Qual 5 Qual 5 Full Scale

Horsepen Creek at Radar Road
Though too small to rate, an EPT taxa richness of three clearly indicated a highly
impacted benthic community.  EPT and total taxa richness and abundance results from
both visits to this site were extremely low.  The few macroinvertebrate species that were
found at this site (Caecidotea spp. and Polypedilum illinoense, for example) were species
that are commonly known to be tolerant of a host of general stressors.  The intention of
the second visit in April 2001 was to do a more thorough midge sampling so that
investigations on Chironomus mentum deformities could be performed.  This would
ultimately provide a more complete assessment of the midge community in determining
effects of toxic inputs in the headwaters portion of the stream.  Unfortunately, not enough
of this particular type of midge was present in the sample to perform the studies. Also
noteworthy at this site was the abundance of periphyton and the highest conductivity
readings for the entire stream: 218 and 223 ��������

Horsepen Creek at SR 2145 (Ballinger Rd)
Though Horsepen Creek was too small to rate at this location, low values for EPT
richness (five to seven) indicate that the benthic community was still greatly impacted at
SR 2145.  The EPT and taxa richness and abundance values increased slightly from the
Radar Road site, but were still quite low.  Indicators of general stress on the system
(Polypedilum illinoense and Cricotopus infuscatus group: C/O sp. 5) were again found in
abundance at this site.  Species associated with toxic (Cricotopus bicinctus- C/O sp. 1 and
C/O sp. 5) and organic inputs (Limnodrilus hoffmeisteri, Dicrotendipes neomodestus)
were also found in relative abundance.  Suspected low flow problems were also
confirmed by the presence of Callibaetis sp..  Chironomus spp., indicators of low
dissolved oxygen and/or organics and enrichment, were also present, though dissolved
oxygen levels were not low at the time of sampling.  Enough Chironomus were collected
in June of 2000 to perform a midge deformity test.  Here, the stream received a Toxic-
Poor rating.  The second sampling of this site did not return enough of the desired species
to perform additional midge deformity tests.
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Horsepen Creek at Bledsoe Drive
Because the stream was four meters in width at the Bledsoe Drive site, a standard
qualitative sampling was performed, which resulted in a Poor rating.  Only four EPT taxa
were present and the results for this site were similar to those for the SR 2145 site.  This
site also was evaluated for toxicity based on midge deformity analysis.  The score given
to this sample was 47 (Toxic- Fair), indicating moderate toxicity.  Additional indicators
of toxicity (Cricotopus bicinctus: C/O sp.1) were also noted, as were those for low DO
(Chironomus), enrichment (Dicrotendipes neomodestus), and tolerance for stressors in
general (Polypedilum illinoense).

Horsepen Creek at US 220
Standard qualitative sampling was performed at the US 220 site in 2000 and 2001, each
resulting in a Fair rating.  EPT richness and abundance values (as well as
bioclassification ratings) were similar to those in the 1993 and 1998 samplings at this
site.  Habitat scores were also comparable between the WARP and the 1998 BAU visits.
A number of indicators contributing to the bioclassification included tolerant species
(Polypedilum illinoense), low DO indicators (Chironomus, Physella), and enrichment
indicators (Dicrotendipes).  This site was the only location to be deemed Not Toxic based
on midge mentum deformity tests, though toxic indicators (Cricotopus bicinctus: C/O
sp.1) were present. Most likely, dilution and distance from the source of input allowed
relief from toxicity at this site.

Unnamed Tributary to Horsepen Creek at West Friendly Road
The UT to Horsepen at West Friendly Rd site was sampled using the Qual 5 method and
was not given a bioclassification.  With only 6 EPT taxa, the benthic community at this
site was not a vast improvement over the upstream Horsepen Creek sites, but did give
insight as to processes affecting those upstream sites.  In general, this site had more
macroinvertebrates than both Radar Road samples, but appeared to have richness and
abundance values similar to the SR 2145 samples.  There were slight increases in the
numbers of Ephemeroptera (Caenis, Stenonema modestum), Trichoptera (Triaenodes
ignitus), Odonata (Calopteryx), Megaloptera (Sialis), Chironomidae (several genera,
more dipterans in general), Pelecypoda (Pisidium, Sphaerium), and Gastropoda (Elimia).
Coleoptera (Helichus, Microcylloepus pusillus, Stenelmis) that were absent at the Radar
Road site were present at this site.  Perhaps this indicated that the water chemistry
problems posed at the upstream Horsepen Creek sites did not exist here.  Too, it could
have simply been that more woody debris was available for colonization at this site.

Unnamed Tributary at Chance Road
This small tributary could not be rated due to the use of the Qual 5 method, but the
benthic community was comprised of a diverse small stream fauna. Thirteen EPT taxa
(more than four times the number in the upstream sites) and significantly higher taxa
richness and EPT abundance contributed to a decidedly lower biotic index.  In many
instances, the taxa list at this site mirrors that of the Reedy Fork reference site.  A number
of intolerant small clean stream species were found at Chance Road but not at the
impacted mainstem Horsepen Creek sites, namely: Eccoptura xanthenes (a long-lived
small stream stonefly), Diplectrona modesta, Lepidostoma, and Pycnopsyche.  The
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presence of stoneflies, in substantial numbers, is a good sign of favorable conditions in a
stream.  This site boasted an abundance of Perlesta (in addition to an abundance of
Eccoptura xanthenes) and contained Leuctra as well. Further supporting the site’s
implied unimpaired status was a lack of toxic indicators, a decline in the number of
(stressor-indicating) Chironomids, and a decrease in number of the more tolerant EPT
species (Cheumatopsyche spp.. and Hydropsyche betteni, for example).  The individuals
representing the remaining orders rounded off a generally healthy macroinvertebrate
community.  In reviewing the status of this site, it is important to note that this tributary
drains the least developed portion of the watershed.

Unnamed Tributary at Crosstimbers Drive
The Qual 5 method was used to sample this tributary; therefore a standard
bioclassification was not derived.  In general, community composition reflected an
impaired system, with results much like those of the US 220 site.  The five EPT present
were tolerant taxa (two Baetis species, Stenonema modestum, Cheumatopsyche spp.,
Hydropsyche betteni), and stoneflies were absent.  The taxa that were present in any
number were those known to be tolerant to a host of general stressors rather than specific
indicators (Boyeria vinosa, Corynoneura spp., Polypedilum convictum, Lumbriculidae,
Ferrissia spp.).  The midge community was relatively diverse (further supporting the
implied impaired status) but not great in number of individuals, which might have
allowed for a lower biotic index than mainstem Horsepen sites.  A somewhat lower BI is
the only indication that this site is any less impacted than the mainstem sites.

Reedy Fork at SR 2128
Standard qualitative sampling was used to assess this reference site.  With the resulting
21 EPT taxa, an EPT abundance value of 117 and a 5.40 biotic index value, the site was
given a Good bioclassification.  Most of the fauna that make up what is considered a
generally healthy macroinvertebrate community were represented here- nothing
extremely intolerant or rare, but nothing particularly tolerant or indicative of major
stressors.  There were significant numbers of stoneflies at this site, including an
abundance of Eccoptura xanthenes (long-lived small stream species), which generally
indicate favorable conditions.  There were few chironomids, in number of taxa as well as
individuals, suggesting further that this site is not greatly impacted despite the very sandy
instream habitat and marginal riparian area.  The combination of ample woody debris,
leaves, and roots and good water quality apparently has allowed a favorable benthic
community to persist.

Discussion
The benthic community of the Horsepen Creek watershed is severely impacted.  Stressors
appear to belong to two major categories.  Toxicity with underlying habitat issues plague
the upstream portions of the watershed while habitat problems in conjunction with
cumulative effects of upstream troubles intensify downstream.  Sampling of the upstream
sites indicated tremendous impact to the macroinvertebrate community, further
documenting the negative trend noted downstream in the 1993 sampling.  Little
improvement was seen at downstream sites.  Habitat was relatively poor throughout the
watershed.  The amount of sand increased downstream and conductivity decreased.
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Species tolerant to a host of general stressors were abundant throughout the watershed, as
were indicators of organic enrichment and low dissolved oxygen (DO).  Due to drought
conditions throughout the time of study, flows were low to moderate at each visit.
Indicator species often associated with temporary streams or low-flow conditions were
found throughout the system as well.

At the uppermost portion of the watershed, benthic macroinvertebrates were sparse, and
assemblages included many toxic indicators.  The presence of petroleum tank farms and
the large airport complex in the headwaters of the watershed necessitated consideration of
the possibility of toxins delivered to the stream via runoff from industrial areas.  Toxic
scores could not support this suspicion since the Radar Road site did not have enough
Chironomus in either sample to do a deformity test.  Chironomus deformities were found
at the SR 2145, Bledsoe Drive, and US 220 sites, however.  The SR 2145 and Bledsoe
Drive sites proved to be toxic based on these deformity scores, suggesting that toxicity is
a problem for the upper and middle portions of the watershed.  Toxicity appears to taper
and dissipate by the US 220 site.  Because macroinvertebrates of any sort were few in
number at Radar Road in April 2001, a toxic event may have occurred since the previous
sampling, as habitat had not changed in the months between the two samples.

The UT at West Friendly Road site was selected as a control for comparison with the
questionably toxic upper Horsepen Creek sites.  Though the UT was situated in a
residential area and had habitat problems associated with development, it lacked the
intense industrial development that surrounded the Radar Road site.  In comparing the
Radar Road to the control results, there were instances in which similar numbers of
organisms (Baetis flavistriga, Cheumatopsyche, Hydropsyche betteni, Argia, Enallagma,
Polypedilum convictum, Phaenopsectra flavipes, Antocha, Tipula, and Physella) were
found in both the June Radar Road and the control (UT, April) samples.

This relatively tolerant assemblage of organisms was absent in the April Radar Road
sampling, however.  Upon further inspection of the flow and rainfall data on and before
these sampling dates, it became evident that differences in the communities could
potentially be associated with the influence of toxic inputs.  Flow was greater in April of
2001, as sampling followed a series of rain events.  Ordinarily, greater flow would allow
for better colonization than the lower flow that was seen in the June 2000 sampling.
Comparing the Radar Road site at the two flow regimes, though, it was evident that the
benthic community declined with an increase in flow.  This fact, coupled with the fact
that the control site had more benthic organisms than the Radar Road site at higher flow
was consistent with the suspicion that with greater flow, more toxins could be delivered
to the stream and have a harmful effect on the benthic community.  This is not to say that
the control site is necessarily free from the effects of runoff.  The West Friendly Road
site is still clearly impacted, but it is relieved of the industrial influences that stress the
Radar Road site.  The difference between the control site and the upstream mainstem
sites could have been the toxic runoff from industry in the headwaters.

In contrast, the concern of lack of water during the time of study also poses a question.
Though WARP associates did not observe complete interruption of flow in the stream,
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flow was significantly reduced during the time of study.  This is further supported in the
benthic community by a number of low-flow indicator species that were found
throughout the watershed.  Because rainfall during the project was not as significant as in
years past, contribution of toxins via runoff might arguably be reduced.  (Runoff might
still be an issue to an extent, however, as numerous avenues for toxins reaching the
stream (water hoses, sprinkler systems, and the like) could remain available even at these
times of little rainfall.)  Even in samples taken at what could be considered baseflow,
specific conductance values were between 100 and 200 ����������	�
�
����
����
���
to three times the specific conductance at the control site.  Because the water source in
this case is groundwater, the concern would be as to whether groundwater might also be
affected.  The potential would be great for industrial toxins to have accumulated after
years of percolation below the surface.  If this happened to be the case, relief from toxic
inputs even at the time of base- or low-flow would be impossible as the stream’s
groundwater source is also contaminated.  The cycle of stress and recovery that is
expected to accompany rain events would be interrupted in this situation.  According to
this theory, toxins would be received by the stream almost continually.

As the distance away from major toxic sources increased, it would be expected that the
benthic community of Horsepen Creek would improve.  Unfortunately, the possibility for
this recovery was confounded by continued degradation of habitat and water quality.
Though industrial pressures were reduced downstream, significant residential and
commercial development (with accompanying sedimentation) pressures in the lower
portion of the watershed made it difficult for the benthic community to recover.  Changes
in the population were seen, nonetheless.  Low DO and enrichment indicator species
increased downstream as toxic indicators faded.  The significant decline at the US 220
site between 1986 and 1993 coincided with residential development activities in the
watershed.  The overall composition of the substrate did not change significantly after
1986, however, suggesting that the pressures of urbanization prior to 1986 were already
significant.  This was supported by the fact that even in the 1986 sampling, tolerant
midge species were abundant.

The extremely flashy nature of the stream following rain events also must be considered a
contributor to impacts on the benthos in such a sandy stream, particularly in the
downstream portion.  Significant change in water level at times of precipitation was noted
during the study.  Substrates at the sites in the lower portion of the stream are fine
(mostly sand) and prone to instability.  Considering much of the watershed is developed
and impervious area is relatively common, any amount of rain that makes it to the stream
does so quickly and in large doses.  Potential for scour of the habitat and the community
is high during these instances.  This habitat concern is somewhat reduced in the upper
portion of the watershed as more coarse substrates are found there.

Within the Horsepen Creek watershed, the small tributary at Chance Road was found to
be surprisingly unimpaired.  Though it has been encroached upon by residential
development, the density of this development is not such that it has impacted the stream
to the same degree as other sites sampled in the watershed.  Too, the subdivision
immediately adjacent to the sampling reach is the only major development in the area.
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The drainage area included in this catchment is undeveloped for the most part.  As a
result, though the stream has an abundance of sand, other instream habitat is relatively
plentiful, riparian zones are relatively spacious and water quality is not adversely
affected.  This tributary is a potential benthic recolonization source that should be
protected from further degradation.
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Appendices
Appendix 1:  Station Summary Data
The following tables represent historical and WARP station summary data for the
Horsepen Creek watershed as well as Reedy Fork comparison watershed.  Historical
samples are shaded; WARP samples are not.  Data that is not available is represented by
blank cells.  Bioclassification ratings could not be assigned to samples from streams less
than four meters in width or collected by the Qual 5 sampling method.

Table 1a.  Historical and WARP station summary data for mainstem Horsepen Creek sites.
Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen
Radar Rd Radar Rd SR 2145 SR 2145 Bledsoe Dr US 220 US 220 US 220 US 220 US 220
6/14/00 4/19/01 6/14/00 7/12/01 6/6/00 4/29/86 7/14/93 7/8/98 6/6/00 7/12/01

COMMUNITY
Ephemeroptera 1 1 4 3 2 13 5 3 5 2
Plecoptera 0 0 1 0 0 2 0 0 0 0
Trichoptera 2 2 2 2 2 7 4 4 2 4
Coleoptera 0 0 2 2 5 8 6 4
Odonata 3 1 3 3 3 9 4 4
Megaloptera 0 0 0 1 0 0 1 1
Diptera:
Chironomidae

13 12 16 20 21 24 27 21

Misc. Diptera 5 1 4 5 3 6 4 5
Oligochaeta 2 5 4 4 2 6 4 4
Crustacea 4 0 2 1 2 3 2 3
Mollusca 1 1 1 4 3 2 4 6
Other 0 0 0 3 0 2 0 2
Total Taxa
Richness

31 23 40 48 43 82 59 56

EPT Richness 3 3 7 5 4 22 9 7 7 6
  Seasonal Corr. 18
EPT
Abundance

30 7 38 34 24 104 42 45 38 39

Biotic Index 7.97 7.90 7.82 7.29 7.35 6.53 7.13 6.76
  Seasonal Corr. 8.09
EPT BI 7.00 6.78 6.97 6.88 6.72 5.13 6.10 6.45 6.42 5.68
Bioclassification Not Rated Not Rated Not Rated Not Rated Poor Good-Fair Fair Fair Fair Fair
Toxic Score 85 47 0
Toxic Rating Toxic- Poor Toxic-Fair Not Toxic

HABITAT
Stream Width 2 3 3 2 4 5 5 5 4 4
Channel width 3 3.5 6 6 8 8 8
Depth
    Average 0.2 0.1 0.1 0.3 0.3 0.2 0.2 0.2 0.4 0.3
    Maximum 0.5 0.5 1 0.6 1.3 1 1.5
Flow/ Current low-mod mod low low normal 0.2 low-mod
Bank Height 3 1 2.5 2.5 2 2 4
Bank Angle (º) 70 90 45 80 80 70 90
Bank Erosion n-mod n-mod mod sev mod mod SEV
Canopy (%) 70 70 50 60 85 100 90 90 70 60
Canopy Type shrub, tree shrub, tree hardwood,

shrub
hardwood,

shrub
hardwood hardwood hardwood,

shrub
Aufwuchs abund abund n-mod n n n n
Pedostemum n n n n n n n
Tribs Present? n n y y n y y
Substrate (%)
    Boulder 15 15 5 5 0 0 0 0 5 0
    Rubble 30 25 10 0 0 0 0 0 0 0
    Gravel 25 25 15 15 10 10 10 15 5 10
    Sand 30 20 50 60 75 90 60 80 80 75
    Silt 0 15 20 20 15 0 30 5 10 15
Other
Habitat Score 67 62 45 54 58 56 53 46

CHEMISTRY
Temp ºC 25 8 24 23 20 24 21 23
DO mg/l 8.1 9.5 9.2 7.6 6.6 5.8 7.0 5.5
Cond uS/cm 218 223 175 166 139 142 150 93
pH 7.6 8.1 7.6 8.1 6.7 7.3 7.0 7.1

LOCATION/ GENERAL
Basin CPF 02 CPF 02 CPF 02 CPF CPF 02 CPF 02 CPF 02 CPF 02 CPF 02 CPF 02
County Guilford Guilford Guilford Guilford Guilford Guilford Guilford Guilford Guilford Guilford
Latitude 360546 360546 360553 360553 360703 360812 360812 360812 360812 360811
Longitude 795521 795521 795510 795510 795333 795140 795140 795140 795140 795139
Collection Card 8127 8415 8113 8474 8124 3747 6246 7630 8129 8473
Sample Type Qual 4 Qual 5 Full Scale Qual 5 Full Scale Full Scale EPT EPT Full Scale Full Scale
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Table 1b.  Historical and WARP station summary data for tributary and control sites.
UT Horsepen UT Horsepen UT Horsepen UT Horsepen UT Horsepen ReedyFk ReedyFk ReedyFk ReedyFk Reedy Fk
Friendly Rd Friendly Rd Friendly Rd Chance Rd Crosstimbers Dr SR 2128 SR 2128 SR 2128 SR 2128 SR 2128

9/8/92 9/3/98 4/19/01 7/12/01 7/12/01 4/28/86 7/25/88 7/14/93 7/8/98 7/13/01

COMMUNITY
Ephemeroptera 1 3 3 2 3 10 8 8 8 9
Plecoptera 0 0 0 3 0 8 5 5 5 5
Trichoptera 3 3 3 8 2 6 8 6 6 7
Coleoptera 6 4 3 6 5 7 5 0 0 7
Odonata 3 4 3 6 4 7 8 0 0 7
Megaloptera 0 1 1 2 1 1 2 0 0 2
Diptera:
Chironomidae

17 18 16 14 13 25 20 0 0 9

Misc. Diptera 3 6 3 9 4 5 5 0 0 5
Oligochaeta 4 3 1 3 2 4 3 0 0 2
Crustacea 3 3 1 3 0 2 1 0 0 2
Mollusca 3 5 4 2 2 1 2 0 0 3
Other 0 1 1 2 1 1 1 0 0 1
Total Taxa
Richness

43 51 39 60 37 77 68 19 19 59

EPT Richness 4 6 6 13 5 24 21 19 19 21
  Seasonal Corr.
EPT Abundance 17 42 33 66 29 144 88 76 99 117
Biotic Index 7.59 6.80 7.12 5.41 6.43 5.5 5.55 5.40
  Seasonal Corr. 7.32 5.7
EPT BI 7.04 6.58 6.89 4.17 6.84 4.48 4.43 4.87 4.06 4.77
Bioclassification Not Rated Not Rated Not Rated Not Rated Not Rated Good Good-Fair Good-Fair Good-Fair Good
Toxic Score
Toxic Rating

HABITAT
Stream Width 2 2 2 1 4 7 7 7 6 6
Channel width 5 2 6 9
Depth
    Average 0.1 0.2 0.2 0.1 0.2 0.2 0.3 0.2 0.2 0.3
    Maximum 0.3 0.2 0.3 1
Flow/ Current mod low low-mod low
Bank Height 1.5 0.3 2.5 3
Bank Angle (º) 70 n/a 80 70
Bank Erosion N n mod mod-sev
Canopy (%) 80 30 70 80 40 80 90 90 70
Canopy Type shrub sm tree,

grass, shrub
hardwood hardwood

Aufwuchs mod n n n
Pedostemum n n n n
Tribs Present? n y y n
Substrate (%)
    Boulder 10 20 65 0 0 0 20 0 5 0
    Rubble 40 50 20 0 5 0 10 0 0 0
    Gravel 20 15 10 15 30 0 0 30 5 20
    Sand 30 10 5 85 65 99 70 50 85 70
    Silt 0 5 0 0 0 0 0 20 5 10
Other 1
Habitat Score 75 63 62 73 55

CHEMISTRY
Temp ºC 22 13 21 25 24 21
DO mg/l 8.3 8.8 5.2 5.2 7.2 6.4
Cond uS/cm 170 150 98 114 84 81
pH 7.5 7.5 6.9 7.3 7.1 7.1

LOCATION/ GENERAL
Basin CPF 02 CPF 02 CPF 02 CPF 02 CPF 02 CPF 02 CPF 02 CPF 02 CPF 02 CPF 02
County Guilford Guilford Guilford Guilford Guilford GUILFORD GUILFORD GUILFORD GUILFORD Guilford
Latitude 360520 360520 360520 366733 360723 361022 361022 361022 361022 361022
Longitude 795430 795430 795430 795324 795220 795712 795712 795712 795712 795712
Collection Card 6027 7755 8416 8476 8475 3746 4659 6247 7631 8477
Sample Type Full Scale Full Scale Qual 5 Qual 5 Qual 5 Full Scale Full Scale EPT EPT Full Scale
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Appendix 2:  Taxa List
Tables represent historical and WARP taxa data for the Horsepen and Reedy Fork
comparison watersheds.  Historical samples are shaded; WARP samples are not.  Data is
reported as “R” (rare,1-2 specimens), “C” (common, 3-9 specimens), or “A” (abundant,
>10 specimens).

Table 2a.  Historical and WARP taxa data for mainstem Horsepen Creek sites.
Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen
Radar Rd Radar Rd SR 2145 SR 2145 Bledsoe Dr US 220 US 220 US 220 US 220 US 220

6/14/00 4/19/01 6/14/00 7/12/01 6/6/00 4/29/86 7/14/93 7/8/98 6/6/00 7/12/01

EPHEMEROPTERA
BAETIS FLAVISTRIGA A C A A A C C R A
BAETIS INTERCALARIS C C A C C
BAETIS PLUTO R
BAETIS PROPINQUUS R R R R
BARBAETIS GLOVERI
CAENIS SPP R C
CALLIBAETIS SP C
CENTROPTILUM SPP R R
CLOEON SPP R
DANNELLA SIMPLEX C
EPHEMERELLA CATAWBA A
EURYLOPHELLA
TEMPORALIS
EURYLOPHELLA VERISIMILIS R
HEXAGENIA SPP C
ISONYCHIA SPP
PSEUDOCLOEON SPP A
STENONEMA MODESTUM C C A A A A A
STENONEMA TERMINATUM
SERRATELLA DEFICIENS A
STENACRON
INTERPUNCTATUM

R

TRICORYTHODES SPP

PLECOPTERA
ACRONEURIA ABNORMIS
AMPHINEMURA SPP R
CULTUS DECISUS
ECCOPTURA XANTHENES
ISOPERLA TRANSMARINA
(GR)
LEUCTRA SPP
NEOPERLA SPP
PARAGNETINA FUMOSA
PERLESTA SPP R A
PERLESTA PLACIDA
PTERONARCYS SPP
PTERONARCYS DORSATA

TRICHOPTERA
CHEUMATOPSYCHE SPP A C A A A A C A A A
CHIMARRA SPP R
DIPLECTRONA MODESTA
HYDROPSYCHE BETTENI A R A A C A A A C C
HYDROPSYCHE PHALERATA
HYDROPSYCHE VENULARIS
HYDROPTILA SPP R
LEPIDOSTOMA SPP
LYPE DIVERSA
NECTOPSYCHE EXQUISITA
OECETIS PERSIMILLIS C
OECETIS SP1 A R R
OECETIS SP2 R
PHYLOCENTROPUS SPP
PYCNOPSYCHE SPP
PYCNOPSYCHE GUTTIFER R
TRIAENODES IGNITUS A C A

COLEOPTERA
ANCYRONYX VARIEGATUS C A C A
BEROSUS SPP
DERALLUS ALTUS
DERONECTES SP
DINEUTES SPP R R
DUBIRAPHIA SPP R R A C
DYTISCIDAE R
ECTOPRIA NERVOSA
ENOCHRUS SPP R
HELICHUS SP R
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Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen
Radar Rd Radar Rd SR 2145 SR 2145 Bledsoe Dr US 220 US 220 US 220 US 220 US 220

6/14/00 4/19/01 6/14/00 7/12/01 6/6/00 4/29/86 7/14/93 7/8/98 6/6/00 7/12/01
HYDROCHUS SPP
HYDROPORUS SPP
MACRONYCHUS
GLABRATUS

R A C A

MICROCYLLOEPUS
PUSILLUS
PELTODYTES SPP C R
PSEPHENUS HERRICKI R
SPERCHOPSIS
TESSELLATUS
STENELMIS SPP R C A C A C
TROPISTERNUS SPP R

ODONATA
ARGIA SPP R C C C R
BASIAESCHNA JANATA C C
BOYERIA SPP R
BOYERIA GRAFIANA R
BOYERIA VINOSA C R R R R
CALOPTERYX SPP R R R C A C
CORDULEGASTER SPP
ENALLAGMA SPP C R A R C
GOMPHUS SPP A
HETAERINA SPP
ISCHNURA SPP C
LANTHUS PARVULUS
MACROMIA SPP C
OPHIOGOMPHUS SPP
PROGOMPHUS OBSCURUS C
STYLOGOMPHUS
ALBISTYLUS

R

MEGALOPTERA
CHAULIODES
PECTINICORNIS

R

NIGRONIA FASCIATUS
NIGRONIA SERRICORNIS
SIALIS SPP R C

DIPTERA: CHIRONOMIDAE
ABLABESMYIA MALLOCHI C C R
ABLABESMYIA
PARAJANTA/JANTA

R R R C

BRILLIA SPP C C C R
CRICOTOPUS BICINCTUS:
C/O SP1

R A C C C A A

ORTHOCLADIUS
(EUORTHOCLADIUS): C/O
SP3

R A R R

CRICOTOPUS/ORTHOCLADIU
S SP49
CRICOTOPUS INFUSCATUS
GR: C/O SP5

R A C

ORTHOCLADIUS CLARKEI
GR: C/O SP54

A R

CRICOTOPUS VARIPES GR:
C/O SP6

A A R

CARDIOCLADIUS SPP R
CHIRONOMUS SPP C A A A A A C
CLINOTANYPUS PINGUIS R C
COELOTANYPUS
CONCINNUS
CONCHAPELOPIA GROUP R R A A A C A A
CORYNONEURA SPP R
CRYPTOCHIRONOMUS SPP C
CRYPTOCHIRONOMUS
BLARINA GR
CRYPTOCHIRONOMUS
FULVUS

C R C C A

CRYPTOTENDIPES SPP
DICROTENDIPES
NEOMODESTUS

A A C

DICROTENDIPES SIMPSONI R R R
EUKIEFFERIELLA
CLARIPENNIS GR (E SP11)

R

LABRUNDINIA PILOSELLA
LABRUNDINIA VIRESCENS
LARSIA SPP
MICROTENDIPES SPP C
MICROTENDIPES SP1 R A
MICROTENDIPES SP3 R
NANOCLADIUS SPP R R R
NATARSIA SPP C
NILOTANYPUS SPP
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Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen
Radar Rd Radar Rd SR 2145 SR 2145 Bledsoe Dr US 220 US 220 US 220 US 220 US 220

6/14/00 4/19/01 6/14/00 7/12/01 6/6/00 4/29/86 7/14/93 7/8/98 6/6/00 7/12/01
ODONTOMESA FULVA R C
POLYPEDILUM AVICEPS
POLYPEDILUM CONVICTUM R A C
POLYPEDILUM FALLAX A R R R R
POLYPEDILUM HALTERALE C A A A
POLYPEDILUM ILLINOENSE C C A A A A
POLYPEDILUM SCALAENUM R C A R A
PARACLADOPELMA UNDINE
PARAMETRIOCNEMUS
LUNDBECKI

C R R A R

PARATANYTARSUS SPP A A
PARATENDIPES SPP C C A C R
PARATRICHOCLADIUS
PARATRICHOCLADIUS SPP A
PHAENOPSECTRA FLAVIPES R A R
PHAENOPSECTRA SP2 C
POTTHASTIA LONGIMANUS
PROCLADIUS SPP C A R
PRODIAMESA OLIVACEA R
PSEUDOCHIRONOMUS SPP R
RHEOCRICOTOPUS
ROBACKI

C C C A A

RHEOSMITTIA SP1 NR
DELICATULA

C R

RHEOTANYTARSUS SPP R R A C C A C
ROBACKIA CLAVIGER
ROBACKIA DEMEIJEREI
STENOCHIRONOMUS SPP R R C C
TANYTARSUS SPP R C A A
TANYTARSUS SP2 R R
TANYTARSUS SP3 R
TANYTARSUS SP6
THIENEMANIELLA SPP C C A
TRIBELOS SPP R A A C C R
XYLOTOPUS PAR R C
ZAVRELIMYIA SPP R

MISC. DIPTERA
ANOPHELES SPP R C R
ANTOCHA SPP R R C R
CHAOBORUS SPP
CHRYSOPS SPP R
DIXA SPP
DIXELLA INDIANA C
EMPIDIDAE R
ERIOPTERA
HEXATOMA SPP R A R
LIMNOPHORA SPP
LIMONIA SPP R
PALPOMYIA (COMPLEX) R C
PEDICIA SP
PSEUDOLIMNOPHILA SPP
PTYCHOPTERA SPP
SIMULIUM SPP C A A A C
SIMULIUM
(PHOSTERODOROS) SPP
SIMULIUM VENUSTUM C
SIMULIUM VITTATUM A A A A
TIPULA SPP C R C R C A R

HEMIPTERA
SIGARA SPP C

OLIGOCHAETA
BRANCHIURA SOWERBYI A C C
CAMBARINICOLA SP R
ENCHYTRAEIDAE
ILYODRILUS TEMPLETONI C C R C R
LIMNODRILUS SPP R R C R
LIMNODRILUS
HOFFMEISTERI

C A C

LUMBRICULIDAE C A C A A C A A
NAIDIDAE
NAIS SPP A C C
OPISTHOPORA R
PRISTINA SPP R
SLAVINA APPENDICULATA R
SPIROSPERMA NIKOLSKYI
STYLARIA LACUSTRIS C

CRUSTACEA
CAECIDOTEA SP (STREAMS) A R R
CAMBARUS SPP C R C R A R A
CRANGONYX SPP R
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Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen Horsepen
Radar Rd Radar Rd SR 2145 SR 2145 Bledsoe Dr US 220 US 220 US 220 US 220 US 220

6/14/00 4/19/01 6/14/00 7/12/01 6/6/00 4/29/86 7/14/93 7/8/98 6/6/00 7/12/01
GAMMARUS SPP A C
HYALLELA AZTECA R R R C

PELECYPODA
CORBICULA FLUMINEA C C A
PISIDIUM SPP C C R
SPHAERIUM SPP C C

GASTROPODA
CAMPELOMA DECISUM R
ELIMIA SP
FERRISSIA SPP C C R
FOSSARIA PARVA R
HELISOMA ANCEPS
MENETUS DILATATUS A R C
PHYSELLA SPP C C A R A
STAGNICOLA SPP R

OTHER
CURA FOREMANII
DUGESIA TIGRINA R R R
HELOBDELLA TRISERIALIS R
HYDRACARINA C R
PLACOBDELLA PAPILLIFERA R
PROSTOMA GRAECENS

Table 2b.  Historical and WARP taxa data for tributary and control sites.
UT

Horsepen
UT

Horsepen
UT

Horsepen
UT

Horsepen
UT

Horsepen
Reedy

Fk
Reedy

Fk
Reedy

Fk
Reedy

Fk
Reedy

Fk
Friendly Rd Friendly Rd Friendly Rd Chance Rd Crosstimbers Dr SR 2128 SR 2128 SR 2128 SR 2128 SR 2128

9/28/92 9/3/98 4/19/01 7/12/01 7/12/01 4/28/86 7/25/88 7/14/93 7/8/98 7/13/01

EPHEMEROPTERA
BAETIS FLAVISTRIGA C A A C
BAETIS INTERCALARIS C A C C R A
BAETIS PLUTO
BAETIS PROPINQUUS C C A R A
BARBAETIS GLOVERI R
CAENIS SPP R C R R
CALLIBAETIS SP
CENTROPTILUM SPP R R R
CLOEON SPP R R
DANNELLA SIMPLEX
EPHEMERELLA CATAWBA A
EURYLOPHELLA
TEMPORALIS

C

EURYLOPHELLA VERISIMILIS
HEXAGENIA SPP A R R
ISONYCHIA SPP C A A A A
PSEUDOCLOEON SPP A R
STENONEMA MODESTUM A R A C A A A A A
STENONEMA TERMINATUM C
SERRATELLA DEFICIENS C C R C A
STENACRON
INTERPUNCTATUM

C R

TRICORYTHODES SPP C

PLECOPTERA
ACRONEURIA ABNORMIS R C
AMPHINEMURA SPP A
CULTUS DECISUS C
ECCOPTURA XANTHENES A R A R A A
ISOPERLA TRANSMARINA
(GR)

A

LEUCTRA SPP R R
NEOPERLA SPP R A R
PARAGNETINA FUMOSA A C C C
PERLESTA SPP A C A A
PERLESTA PLACIDA A A
PTERONARCYS SPP A C A C
PTERONARCYS DORSATA A

TRICHOPTERA
CHEUMATOPSYCHE SPP C A A C A A A A A A
CHIMARRA SPP
DIPLECTRONA MODESTA R A R
HYDROPSYCHE BETTENI A A A R A C C R C
HYDROPSYCHE PHALERATA R
HYDROPSYCHE VENULARIS R
HYDROPTILA SPP
LEPIDOSTOMA SPP C
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UT
Horsepen

UT
Horsepen

UT
Horsepen

UT
Horsepen

UT
Horsepen

Reedy
Fk

Reedy
Fk

Reedy
Fk

Reedy
Fk

Reedy
Fk

Friendly Rd Friendly Rd Friendly Rd Chance Rd Crosstimbers Dr SR 2128 SR 2128 SR 2128 SR 2128 SR 2128
9/28/92 9/3/98 4/19/01 7/12/01 7/12/01 4/28/86 7/25/88 7/14/93 7/8/98 7/13/01

LYPE DIVERSA C R R R C
NECTOPSYCHE EXQUISITA R
OECETIS PERSIMILLIS R C C A
OECETIS SP1 C R
OECETIS SP2
PHYLOCENTROPUS SPP R
PYCNOPSYCHE SPP R C R R
PYCNOPSYCHE GUTTIFER R R
TRIAENODES IGNITUS R R A A C C A

COLEOPTERA
ANCYRONYX VARIEGATUS C C R R
BEROSUS SPP R
DERALLUS ALTUS R
DERONECTES SP C
DINEUTES SPP C R C C
DUBIRAPHIA SPP C C R C R
DYTISCIDAE
ECTOPRIA NERVOSA R
ENOCHRUS SPP
HELICHUS SP R C A R R C A
HYDROCHUS SPP R
HYDROPORUS SPP R
MACRONYCHUS GLABRATUS R A A A A
MICROCYLLOEPUS
PUSILLUS

R R

PELTODYTES SPP C
PSEPHENUS HERRICKI A
SPERCHOPSIS
TESSELLATUS

C

STENELMIS SPP A A A C A R
TROPISTERNUS SPP C

ODONATA
ARGIA SPP C A A R R R
BASIAESCHNA JANATA
BOYERIA SPP
BOYERIA GRAFIANA
BOYERIA VINOSA R A C C A A
CALOPTERYX SPP A A C A R A R A
CORDULEGASTER SPP C
ENALLAGMA SPP A C C R
GOMPHUS SPP A R A A A
HETAERINA SPP R
ISCHNURA SPP
LANTHUS PARVULUS R
MACROMIA SPP R R R C
OPHIOGOMPHUS SPP R A
PROGOMPHUS OBSCURUS C R R
STYLOGOMPHUS
ALBISTYLUS

C

MEGALOPTERA
CHAULIODES
PECTINICORNIS
NIGRONIA FASCIATUS C
NIGRONIA SERRICORNIS R C C
SIALIS SPP C R C R C R

DIPTERA: CHIRONOMIDAE
ABLABESMYIA MALLOCHI R C C R C R R
ABLABESMYIA
PARAJANTA/JANTA
BRILLIA SPP C R C C
CRICOTOPUS BICINCTUS:
C/O SP1

A A A

ORTHOCLADIUS
(EUORTHOCLADIUS): C/O
SP3

C C

CRICOTOPUS/ORTHOCLADIU
S SP49

R

CRICOTOPUS INFUSCATUS
GR: C/O SP5

R R C

ORTHOCLADIUS CLARKEI
GR: C/O SP54
CRICOTOPUS VARIPES GR:
C/O SP6

C C A

CARDIOCLADIUS SPP
CHIRONOMUS SPP A C R
CLINOTANYPUS PINGUIS
COELOTANYPUS
CONCINNUS

R

CONCHAPELOPIA GROUP R A A C R A C R
CORYNONEURA SPP R R
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UT
Horsepen

UT
Horsepen

UT
Horsepen

UT
Horsepen

UT
Horsepen

Reedy
Fk

Reedy
Fk

Reedy
Fk

Reedy
Fk

Reedy
Fk

Friendly Rd Friendly Rd Friendly Rd Chance Rd Crosstimbers Dr SR 2128 SR 2128 SR 2128 SR 2128 SR 2128
9/28/92 9/3/98 4/19/01 7/12/01 7/12/01 4/28/86 7/25/88 7/14/93 7/8/98 7/13/01

CRYPTOCHIRONOMUS SPP
CRYPTOCHIRONOMUS
BLARINA GR

C

CRYPTOCHIRONOMUS
FULVUS

C R

CRYPTOTENDIPES SPP R R
DICROTENDIPES
NEOMODESTUS

A

DICROTENDIPES SIMPSONI
EUKIEFFERIELLA
CLARIPENNIS GR (E SP11)
LABRUNDINIA PILOSELLA C
LABRUNDINIA VIRESCENS A
LARSIA SPP R
MICROTENDIPES SPP C C
MICROTENDIPES SP1 R R
MICROTENDIPES SP3 A C
NANOCLADIUS SPP R R
NATARSIA SPP C R
NILOTANYPUS SPP R
ODONTOMESA FULVA C
POLYPEDILUM AVICEPS C
POLYPEDILUM CONVICTUM A C C A R
POLYPEDILUM FALLAX R R C R
POLYPEDILUM HALTERALE C C C
POLYPEDILUM ILLINOENSE C C A R C R
POLYPEDILUM SCALAENUM R C C
PARACLADOPELMA UNDINE R
PARAMETRIOCNEMUS
LUNDBECKI

R C R R A

PARATANYTARSUS SPP C R
PARATENDIPES SPP C C C C
PARATRICHOCLADIUS C
PARATRICHOCLADIUS SPP
PHAENOPSECTRA FLAVIPES C C C C
PHAENOPSECTRA SP2
POTTHASTIA LONGIMANUS C
PROCLADIUS SPP R R R
PRODIAMESA OLIVACEA
PSEUDOCHIRONOMUS SPP
RHEOCRICOTOPUS ROBACKI A C A A C
RHEOSMITTIA SP1 NR
DELICATULA
RHEOTANYTARSUS SPP R C C C C A
ROBACKIA CLAVIGER C
ROBACKIA DEMEIJEREI R
STENOCHIRONOMUS SPP C R R
TANYTARSUS SPP R C C
TANYTARSUS SP2 R C
TANYTARSUS SP3
TANYTARSUS SP6 R
THIENEMANIELLA SPP C R C C
TRIBELOS SPP A R C R
XYLOTOPUS PAR R
ZAVRELIMYIA SPP

MISC. DIPTERA
ANOPHELES SPP R R
ANTOCHA SPP R R R
CHAOBORUS SPP R
CHRYSOPS SPP
DIXA SPP A R
DIXELLA INDIANA
EMPIDIDAE R
ERIOPTERA R
HEXATOMA SPP R A R C R C
LIMNOPHORA SPP R
LIMONIA SPP
PALPOMYIA (COMPLEX) R C R R
PEDICIA SP R
PSEUDOLIMNOPHILA SPP C
PTYCHOPTERA SPP R
SIMULIUM SPP A C A C A A
SIMULIUM
(PHOSTERODOROS) SPP

A

SIMULIUM VENUSTUM
SIMULIUM VITTATUM R
TIPULA SPP C A R C R C C R

HEMIPTERA
SIGARA SPP
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OLIGOCHAETA
BRANCHIURA SOWERBYI A
CAMBARINICOLA SP R
ENCHYTRAEIDAE R
ILYODRILUS TEMPLETONI R R
LIMNODRILUS SPP R R
LIMNODRILUS
HOFFMEISTERI

C C

LUMBRICULIDAE A R A C C R R
NAIDIDAE A
NAIS SPP
OPISTHOPORA C C C
PRISTINA SPP
SLAVINA APPENDICULATA R
SPIROSPERMA NIKOLSKYI C
STYLARIA LACUSTRIS

CRUSTACEA
CAECIDOTEA SP (STREAMS) A R R
CAMBARUS SPP A A R C R C
CRANGONYX SPP C C R
GAMMARUS SPP
HYALLELA AZTECA R R R

PELECYPODA
CORBICULA FLUMINEA C A A A
PISIDIUM SPP R C R
SPHAERIUM SPP A A R

GASTROPODA
CAMPELOMA DECISUM
ELIMIA SP R
FERRISSIA SPP C R R
FOSSARIA PARVA
HELISOMA ANCEPS C
MENETUS DILATATUS R
PHYSELLA SPP C C C R R
STAGNICOLA SPP R

OTHER
CURA FOREMANII C
DUGESIA TIGRINA
HELOBDELLA TRISERIALIS
HYDRACARINA C R R R C R
PLACOBDELLA PAPILLIFERA
PROSTOMA GRAECENS R



Appendix B

Water Quality Conditions





B-1

Appendix B
Water Quality Conditions

A wide range of chemical, physical and toxicological analyses were conducted in the Horsepen
Creek watershed over the course of this study.  This appendix describes the general approach and
methods used and summarizes monitoring results.  Specific sampling methods are documented in
the project’s Standard Operating Procedures for Chemical, Physical and Toxicity Monitoring
(NCDWQ, 2001a) and are not described here.

Section 1    Approach and Methodology

Chemical-physical and toxicity monitoring conducted during the study had two broad goals:
1. General water quality characterization.  This goal involved developing a synoptic picture of

the chemical and physical water quality characteristics of the study area, using a standard set
of parameters.

2. Stressor-source area identification.  Identifying the causes of biological impairment and the
sources of these causal factors was a primary goal of the project and the major focus of the
monitoring effort.  As it relates to chemical-physical and toxicity monitoring, this goal
involved:
•  identifying the major chemical/physical stressors to which aquatic biota (benthos in

particular) in a stream are exposed;
•  providing information on the nature of exposure to these stressors (e.g. concentration,

timing);
•  evaluating the toxicity of waters of concern and determining the pollutants causing any

toxicity identified; and
•  determining major sources or source areas.

The nature of stressor-source identification demands a monitoring approach that is dynamic and
flexible, changing over time as new information regarding biological condition, stream
chemistry, and watershed activities becomes available.

1.1 General Water Quality Characterization

Routine sampling was conducted at one integrator station located on the mainstem of Horsepen
Creek toward the downstream end of the study area.  The integrator station (HPHP01) was
located north of Battleground Ave (US 220) downstream from the bridge.  Surface grab samples
(depth of 0.15 meters, or approximately 6 inches) were collected during both baseflow and storm
conditions.  Baseflow periods were defined as those in which no measurable rain fell in the
watershed during the 48-hour period preceding sampling, based on staff judgment utilizing
available information.  A standard set of parameters similar to the parameters used by DWQ at
ambient stations was utilized (Table B.1).
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Baseflow samples were collected on roughly a monthly basis.  Project staff attempted to collect
at least one storm sample during each season, although this was not feasible due to logistical
constraints and a lack of rain in the fall of 2001.  Fecal coliform samples were collected on five
occasions under baseflow conditions during August and September 2000.

Table  B.1    Parameters for Water Quality Characterization,
Horsepen Creek at Battleground Ave. (US 220)

1.2 Stressor-Source Identification

1.21 Chemical/Physical Monitoring.

Several types of water column sampling were conducted, reflecting the needs for both stressor
identification and the determination of sources.  Stressor identification sites were selected to
identify chemical stressors present in study waters and to provide information for evaluating
whether those stressors contribute to biological impairment.  Source identification sites were
chosen to identify or evaluate source areas or individual pollutant sources.  While stressor and
source identification can be separated conceptually, in practice stressor and source determination
were often carried out jointly.

The sampling effort was intended to provide information relevant to the evaluation of causal
relationships by tying selection of sampling sites, parameters and timing of sampling to available
information on stressors and sources, e.g. biological information and watershed activities.  This
approach differed from many commonly used sampling frameworks because the goal was not to
characterize typical conditions or to estimate pollutant loads, but to provide information to help
evaluate whether particular stressors are likely contributors to biological impairment.  The
timing and location of sampling were selected to identify critical conditions such as periods of
low dissolved oxygen or exposure to high levels of toxicants.

Station location.  The number and location of sites was determined based upon the size of the
watershed, the location and degree of biological impairment, the nature and spatial distribution

Dissolved Oxygen  General: Metals: Ions:
Air Temperature Turbidity Aluminum Calcium
Water Temperature Total Dissolved Solids Arsenic Magnesium
Specific Conductance Total Suspended Solids Cadmium Potassium
pH Hardness Chromium Sodium

Fecal Coliform Copper
Iron

 Nutrients: Lead
Total Phosphorus Manganese
Ammonia-Nitrogen Mercury
Nitrate/Nitrite-Nitrogen Nickel
Total Kjeldahl Nitrogen Silver

Zinc

FIELD PARAMETERS LABORATORY PARAMETERS
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of watershed activities, and existing chemical data.  Station locations for stressor identification
purposes were generally linked to areas of known biological impairment (benthic
macroinvertebrate sampling stations) and to watershed activities believed to represent potential
sources of impairment.  Primary sampling stations in the Horsepen Creek study area were listed
in Section 5 of the text.

Parameter selection.  Monitoring focused primarily on candidate stressors initially identified
based upon watershed reconnaissance and a review of existing information.  Additional
parameters were added as necessary.  Given the complex nature of land use in the Horsepen
Creek watershed, and the inability to rule out many parameters from consideration in the initial
stages of the sampling effort, the number of candidate parameters was significant.  The approach
was also shaped by a tension between the need to use project laboratory resources efficiently and
the limited time frame available for identification of the causes of impairment.  Parameter
selection was subject to review on an ongoing basis.  Total concentration was measured for all
analytes.  The dissolved fraction was not analyzed.

For purposes of toxicity assessment, the following analytes and parameter groups were routinely
sampled during storm events:
•  metals;
•  chlorinated pesticides and PCBs (polychlorinated biphenyls; EPA 608);
•  selected current use pesticides (GC/MS—gas chromatography/mass spectroscopy);
•  PAHs (polycyclic aromatic hydrocarbons; EPA 610);
•  phenols (EPA 604);
•  semi-volatile organics (EPA 625);
•  MBAS (methylene blue active substances, an indicator of anionic surfactants); and
•  MTBE (methyl tert-butyl ether).

Type and number of samples.  Manual grab sampling was used for nonstorm sampling.  Manual
grab samples were collected at the surface (depth of 0.15 meters, or approximately 6 inches).
Storm samples were generally collected as grab samples during the rising limb, using either
manual collection or automatic samplers.  The use of automatic sampling equipment was limited
by budgetary constraints.  The number of samples collected was variable, depending on
analytical results to date, the occurrence of appropriate conditions for sampling (e.g. rainfall or
rain free periods) and the outcome of other components of the study.  Staff generally attempted
to collect repeated samples (at least 3-4) under the relevant conditions (e.g. baseflow or
stormflow, seasonal).

Timing of sampling.  Whenever feasible the timing of sampling was based upon available
information on likely pollutants, the timing of source activities in the watershed, and knowledge
of watershed hydrology.  Baseflow, storm event or other samples were collected as appropriate
to the particular stressors and sources.  The suspected seasonality of inputs was also considered.

Semipermeable membrane devices (SPMD).  SPMDs were used on a limited basis at HPHP01
and HPHP04.  The devices used consisted of a pre-extracted polyethylene membrane deployed in
the stream inside a plastic mesh enclosure.  SPMDs collect hydrophobic organic compounds to
which the device is exposed during the deployment period (e.g., Huckins et al 1993; Hofelt and
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Shea, 1997; Meadows et al, 1998).  Laboratory analysis of SPMDs was conducted for PAHs,
PCBs, chlorinated pesticides, and selected current use pesticides.  These devices were deployed
in cooperation with the NCSU Department of Environmental and Molecular Toxicology.
Average concentrations over the deployment period were calculated by the NCSU Department of
Environmental and Molecular Toxicology assuming a set sampling rate by the SPMDs.

Multiparameter data loggers.  Hydrolab data sondes (multiparameter probes with a data logging
capability) were deployed for one 3-day deployment in July 2001.  Dissolved oxygen (DO), pH,
water temperature, and specific conductance were recorded on a quarter-hourly basis.  The
multiprobes were deployed simultaneously at four mainstem locations in order to evaluate daily
parameter patterns.

1.22  Toxicity Assessment

Ambient toxicity tests were conducted where toxicity was considered a potential cause of
biological impairment.  Laboratory bioassays provide a method of assessing the presence of
toxicity from either single or multiple pollutants and can be useful for assessing the cumulative
effect of multiple chemical stressors.  Acute tests were conducted on storm samples, while
chronic tests were conducted on samples collected during nonstorm periods.  The following
specific tests were used:
•  Ambient tests for acute toxicity using protocols defined as definitive in USEPA document

EPA/600/4-90/027F (USEPA, 1993) using Ceriodaphnia dubia with a 48-hour exposure.
•  Ambient tests for chronic toxicity using the North Carolina Ceriodaphnia Chronic Effluent

Toxicity Procedure (NC Division of Water Quality, 1998).
Acute and chronic toxicity analyses were conducted on a number occasions at the integrator
location, 3.0 miles upstream at Ballinger Road and 1.0 upstream from there at Chimney Rock
Road.

1.3  Stressor-Source Identification:  Bed Sediment

Sediment toxicity was evaluated to determine if it was a likely contributor to degradation of the
benthic macroinvertebrate community at Bledsoe Drive (HPHP04) and Ballinger Road
(HPHP02), where benthic community composition and midge deformity analysis indicated likely
toxic impacts.

Analysis was conducted on composites of multiple grab samples collected from the top 5 cm of
the substrate.  In each target reach, sediment was collected for analysis from two distinct
substrate areas:  (1) sand substrate locations of the type sampled by DWQ during standard
macroinvertebrate sampling (NCDWQ, 2001b);  (2) fine depositional areas such as pools,
backwaters, and channel margins.  Sediment collected from sand sampling and depositional
sampling areas was analyzed separately.  For more details on methods, see the project standard
operating procedures document for additional details (NCDWQ, 2001a).

Toxicity was evaluated using long term (42 day) laboratory bioassays using the amphipod
Hyalella azteca, conducted according to the procedures outlined by USEPA (2000).  Chemical
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analyses conducted included chlorinated pesticides (modified EPA method 8081A), PCBs
(modified EPA method 8082), PAHs (modified EPA method 8270C), semivolatile organics
(EPA method 8270C), metals, current use pesticides (broad scan GC/MS), total organic carbon
(TOC), and particle size distribution.

1.4  Toxicity Benchmarks

When performing ecological risk assessments and water quality evaluations, contaminants are
often compared to screening benchmarks to determine if the reported concentrations of those
contaminants are high enough to warrant further consideration.  In this study, toxicological
benchmarks derived for the protection of aquatic life were used to screen observed contaminant
concentrations for potential aquatic ecological effects.  Laboratory detection limits were also
compared to benchmark values.

Benchmark screening values denote thresholds of elevated risk, but do not predict actual impacts
in particular situations.  Actual site-specific and event-specific impacts depend upon the
interaction of numerous factors, including the level, timing and duration of exposure; the form
and bioavailability of the particular chemicals (often dependent on pH or other variables); and
simultaneous exposure to other stressors.

Water.  Many different sources of screening benchmarks exist, with differing levels of
conservatism.  A detailed discussion of these can be found in Suter and Tsao (1996).  The
primary screening benchmarks used in the Horsepen Creek watershed assessment were: 1)
EPA’s acute and chronic National Ambient Water Quality Criteria (NAWQC) for freshwater
(USEPA, 1999); and 2) EPA’s Tier II values (USEPA, 1995).  The acute NAWQC were
established by EPA to correspond to concentrations that would cause less than 50% mortality in
5% of the exposed populations in a brief exposure.  The chronic NAWQC are the acute values
divided by the geometric mean of at least three median lethal concentrations (LC50).  Tier II
values were developed by EPA as part of the Great Lakes Program (USEPA, 1995) for use with
chemicals for which NAWQC are not available.  They are based on fewer data than are required
to establish NAWQC.

In this study NAWQC for priority pollutants were taken from EPA’s online Water Quality
Standards Database (http://www.epa.gov/wqsdatabase/).  NAWQC for nonpriority pollutants,
which are not included in the online database, were taken from USEPA (1999).  Tier II values
and other benchmarks were obtained from the ecological benchmark listing available through the
Risk Assessment Information System operated by the Oak Ridge National Laboratory
(http://risk.lsd.ornl.gov/homepage/eco_tool.shtml).

Where no benchmarks were available, a search of the toxicological literature was performed
using EPA’s online ecotoxicology database, ECOTOX (http://www.epa.gov/ecotox/).  Observed
concentrations were compared to effects level values for freshwater aquatic animals.

NAWQC for many metals (cadmium, chromium III, copper, lead, nickel, silver and zinc) are a
function of water hardness.  NAWQC are reported by EPA for a hardness of 100 mg/L and must
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be adjusted for site specific hardness levels.  In this study benchmarks for all of the above metals
except chromium were adjusted for hardness using the formulas recommended in USEPA
(1999).  The NAWQC for chromium VI (which does not require hardness adjustment) was used
instead of chromium III, since the former provides a more conservative screening level.  For
cadmium the chronic benchmark was used instead of the acute value because hardness
adjustment reduced the acute value below the chronic level.

NAWQC for many metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver
and zinc) are calculated as the concentration of dissolved metals in the water column.
Comparison of the ambient total metals concentrations measured in this study to dissolved
metals criteria is a conservative approach in that less than 100% of a metal in any particular
ambient sample may be in dissolved form.  This approach is appropriate for initial screening
purposes.  Final evaluation of the likely potential for metals and other analytes to negatively
impact aquatic biota considered all lines of evidence available, including toxicity bioassays and
benthic macroinvertebrate data, in addition to data on analyte concentrations.

Observed pollutant concentrations can also be compared to the North Carolina’s Water Quality
Standards (NCWQS) for freshwater aquatic life, which serve as important regulatory
benchmarks.  The present study, however, is concerned not with regulatory compliance but with
assessing the risks of site-specific, and sometimes event-specific impacts.  The NAWQC are
more appropriate for this purpose. NAWQC were based solely on data and scientific judgments
on the relationship between pollutant concentrations and environmental effects, and do not
reflect considerations of technological feasibility or economic impact (USEPA, 1999).  They
allow for the specific evaluation of either chronic or acute concerns and for the consideration of
site specific conditions (e.g. by adjusting metals criteria for local hardness levels).

NAWQC and other benchmarks are not available for metalochlor (CAS 51218452).  Based on a
search of EPA’s ECOTOX data base, a number of studies of the effect of metalochlor on
freshwater fish and macroinvertebrates were identified, including Mayer and Ellersieck (1986)
and Ort et al (1994), among others.  The lowest LC50 reported in these studies was 3200 µg/L,
more than 3 orders of magnitude above the highest concentration observed in the Horsepen
Creek watershed.  The lowest effects levels (EC50) for non lethal impacts exceeded 2000 µg/L.

The ECOTOX data base also provides several test endpoints for simazine, including effects
levels for non lethal impacts (EC50) for Daphnia magna as low as 560 µg/L in a 48-hour static
toxicity test (Johnson and Finley, 1980) and a population effects concentration for mayfly and
caddisfly species of as low as 500 µg/L in a 14 month field study (Walker, 1964).  Both
concentrations are well above  concentrations found in the Horsepen Creek watershed.

As discussed in Section 5 of the main text, four water samples collected in July and September
2001 were reported with concentrations exceeding the Tier II secondary acute surface water
benchmark for the organophosphorus insecticide diazinon.  The average 48-hour Ceriodaphnia
dubia LC50 from the EPA’s ECOTOX database is 0.479 µg/L.  The Pesticide Action Network
(PAN, at http://www.pesticideinfo.org) identifies Ceriodaphnia dubia as the most sensitive
tested zooplankton species, with an average LC50 of 0.468 µg/L.  Using the Tier II acute value,
hazard quotients (HQ = [sample]/[screening value]) for the four site samples ranged from 1.2 to
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37.  Acute HQs using the PAN data range from 0.449 to 13.3.  Comparison of site concentrations
to toxicity benchmark values indicates acute Ceriodaphnia dubia toxicity would have been
expected in the samples.  A search of the ECOTOX data base indicated that the lowest LC50

values for caddisfly and mayfly species were several times the highest diazinon levels observed
in Horsepen Creek during the present study.  However Morgan (1976) reported LC50 values less
than 0.10 µg/L for midges.

A literature search was undertaken to identify co-toxicants that may have antagonistic toxicity
effects when acting in combination with diazinon.  Ammonia was reported to have less than
additive effects with diazinon (Bailey et al, 2001), as was copper (van der Geest et al, 2000).
Reports of antagonistic toxicity relationships were not located for other organophosphate
pesticides.  Assuming the reported diazinon levels accurately reflected sample concentrations, no
conclusive explanation for the lack of observed acute toxicity is provided.  Acute Ceriodaphnia
dubia toxicity would have been expected in at least some of the samples.  A likely explanation is
that some component(s) of the surface water matrix are acting to reduce diazinon toxicity.

Concentrations of MBAS-responding surfactants (Section 5) were detected in multiple Horsepen
Creek water column samples (collected in 2001) at elevated levels.  None of the co-sampled
acute or chronic Ceriodaphnia dubia tests resulted in significant toxicity effects.  The lack of
observed toxicity effects in site samples may be explained by surfactant losses associated with
sample handling inherent in collection and manipulation techniques employed in toxicity
procedures, resulting in anionic surfactant levels in toxicity test solutions significantly less than
those reported in the MBAS analyses.  Surfactants tend to sorb to plastic containers, especially at
concentrations <1 mg/L, with sorption increasing with storage time.  Sorption loss can be
reduced by pre-rinsing containers with sample.  A significant portion of surfactants in waters
may be “lost” in the sample handling process, with the loss increasing with each transfer, as
happens several times during a toxicity test.

Alternatively, the reported MBAS levels may not be representative of true site levels due to
positive analytical interferences.  Organic sulfonates, sulfates, carboxylates, phenols, inorganic
thiocyanates, cyanates, nitrates and chlorides will respond to MBAS, resulting in a positive bias
in the reported MBAS concentration.  Interference removal steps outlined in the analytical
method have variable effectiveness at removing the positive interferences.  The quantified
anionic surfactants may also be significantly less toxic than LAS (the surfactant used as the
quantitative standard in the MBAS analysis).  An additional explanation for the lack of observed
toxicity may be antagonistic effects between surfactants and other components of the surface
water. Although not reported for anionic surfactants, less then expected combined toxicity has
been reported for metals and non-ionic surfactants (Rand, 1985).

Sediment.  Sediment data were compared to a set of sediment benchmarks used by the DWQ
Aquatic Toxicology Unit and included those of Region 4 USEPA (Waste Management Division
Sediment Screening Values for Hazardous Waste Sites, available at
http://www.epa.gov/region04/waste/ots/ecolbul.htm#tbl3), Florida Department of Environmental
Protection (McDonald, 1994), Ontario Ministry of the Environment (MOE) (1993), Long et al.
(1995), NOAA’s Screening Quick Reference Tables (SQuiRT) (Buchman 1999), and Oak Ridge
National Laboratory’s toxicological benchmarks document (Jones et al., 1997).  They were
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grouped into conservative and non-conservative ranges in the manner of MacDonald et al. (2000)
(Table B.2).  Conservative ranges are sets of threshold values, below which there is low
probability of toxicity.  Region 4 USEPA values are included in the set of conservative values,
but they were also individually used for comparison because the DWQ Aquatic Toxicology Unit
uses these as initial screening benchmarks.  Non-conservative ranges are sets of probable values,
above which there is a high probability of toxicity.  If a measured value falls between the low
value of the conservative range and the high value of the non-conservative range, toxicity is
possible and the probability of toxicity increases with concentration

Both the Upper Effects Threshold (UET) values (NOAA SQuiRT) and Ontario Severe Effects
Levels (SEL) for organic contaminants were adjusted for site-specific total organic carbon
(TOC)).  Published UET values were listed for sediments with 1% TOC; a site-specific UET was
derived by multiplying the published value by the site-specific percent TOC as in Jones et al.
����������	
�������������	��������� ���������������
������������������������� ���
����!��"
in mg/kg sediment (dry weight), the SEL was adjusted with site-specific TOC as described in the
Ontario Ministry of the Environment’s sediment benchmark document (1993).

Table B.2.  Sources of Sediment Benchmarks for Conservative and Non-
conservative Screening Ranges
Conservative Non-conservative
Region 4 EPA Ecological Screening Values  

Hyallela Threshold Effects Levels  (via NOAA SQuiRT1) Upper Effects Threshold (via NOAA SQuiRT1)

Threshhold Effects Levels (via NOAA SQuiRT1) Apparent Effects Thresholds  (via NOAA SQuiRT1)

 Probable Effects Levels  (via NOAA SQuiRT1)

No Effects Levels (Ontario MOE) Severe Effects Levels (Ontario MOE)

Low Effects Levels (Ontario MOE)  

Effects Range-Low (MacDonald & Long) Effects Range-Median (MacDonald & Long)

Threshhold Effects Levels (FL DEP) Probable Effects Levels (FL DEP)

 Apparent Effects Thresholds (WA State) 3

Threshold Effects Concentrations (EPA ARCS2) 3 Probable Effects Concentrations (EPA ARCS2) 3

No Effects Concentrations (EPA ARCS2) 3  

NOAA Effects Range-Low3 NOAA Effects Range-Median3

1SQuiRT=Screening Quick Reference Tables
2ARCS=Assessment and Remediation of Contaminated Sediments Program
3via Oak Ridge National Laboratory’s toxicological benchmarks document

1.5  Suspended Sediment

Samples were collected for suspended sediment concentration (SSC) analyses (Guy, 1969) using
single stage U59B samplers (Inter-Agency Committee on Water Resources, 1961).  U59Bs  are
passive samplers that collect a single surface grab sample when stage rises to the level at which
the sampler is installed.  Concentrations based on analysis of samples collected by U59Bs are
likely to underestimate actual SSC levels, but can be used for the relative comparison of source
areas.
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Groups of samplers were installed at each of three locations to collect samples at multiple stages:
HPHP02 (Horsepen Creek at Ballinger Road) an upper mainstem station; HPHP05 (King George
Branch) an upper tributary; and HPHP03 (Price Park Branch at Crosstimbers Drive) a large
downstream tributary. Stream flow data were not collected.

1.6  Laboratories

The study utilized a number of laboratories in order to obtain services for the necessary range of
chemical, physical and biological analyses.
•  Environmental Chemists (Wilmington, NC)--chemical/physical analysis;
•  Paradigm Analytical Laboratory (Wilmington, NC)--chemical analysis;
•  Southern Testing (Rocky Mount, NC)--chemical analysis;
•  Division of Water Quality Laboratory (Raleigh, NC)--chemical and biological analysis;
•  NCSU Department of Environmental and Molecular Toxicology (Raleigh, NC)—pesticides;
•  USGS Columbia Environmental Research Center (Columbia, MO)--toxicity bioassay

(sediment);
•  USGS Kentucky District Sediment Laboratory (Louisville, KY)--suspended sediment

concentration; and
•  Simalabs International (Burlington, NC)--toxicity bioassay.

Consult the project standard operating procedures document for additional details (NCDWQ,
2001a).

Section 2   Results

Key chemical, physical and toxicity monitoring results were discussed in Section 5 of the text.
Supplemental information on selected issues is presented in this section, followed by a summary
of analytical results for all primary sampling stations.

2.1 Data Sonde Deployments

To evaluate dissolved oxygen, specific conductance, water temperature and pH, data logging
multiparameter probes (data sondes) were deployed simultaneously in Horsepen Creek at four
different mainstem locations:  1) HPHP01 (Battleground Avenue); 2) HPHP04 (Bledsoe Drive);
3) HPHP02 (Ballinger Road.); 4) HPHP07 (Radar Road).  Data sondes were deployed for 72
hours and were programmed to take readings at 15 minute intervals from July 12, 2001
(Thursday) at 12:00 PM through July 15 (Sunday) at 12:00 PM.  No data were collected at
HPHP01 due to battery failure.  Median temperatures ranged between 20 and 23 degrees C for
each location.  The highest temperature (26.5 degrees C) was recorded at Ballinger Road
Median pH values for all stations were between 7.3 s.u. and 7.8 s.u.
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Dissolved oxygen levels followed a typical daily cycle with minimum levels occurring
overnight.  The highest (9.5 mg/L) and lowest (5.7 mg/L) concentrations were measured at
HPHP02 (Figure B.1). Dissolved oxygen daily cycles were similar at HPHP07.

Median specific conductance was highest at Bledsoe Drive (158 µS/cm) and lowest at Ballinger
Road (92 µS/cm.).  Median specific conductance at Radar Road was 110 µS/cm.  These values
were lower than point measurements made during the study period--median baseflow specific
conductance was 194 µS/cm (n = 10) at Radar Road and 153 µS/cm (n = 24) at Ballinger Road.

Figure B.1.  Dissolved Oxygen Over 72 Hours at HPHP02 and HPHP04, July 12 – 15, 2001

2.2  Suspended Sediment Concentration

Median SSC generally increased at each site with rising stage (Figure B.2).  King George Branch
(HPHP05) had notably higher SSC at two through five-foot stages.  Stream flow data were not
available and loads were not estimated.  Bank conditions were generally similar above each
station.  Percent imperviousness was highest above HPHP02.  Stations HPHP03 and HPHP05
were below active residential construction sites.  Sedimentation and erosion control BMPs were
in place at both construction sites.
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Figure B.2  Median Suspended Sediment Concentrations by Stage*

* Number of observations shown above bar

2.3  Semipermeable Membrane Devices (SPMD)

Semi-permeable membrane devices (SPMD) or passive samplers were deployed over two, multi-
day periods in October and November 2001 at two mainstem locations.  There were 64 different
organic contaminants collected including: ten chlorinated pesticides, 12 polychlorinated
biphenyls (PCBs) and 42 polycyclic aromatic hydrocarbons (PAHs).  Current use pesticides were
not detected.  SPMD concentrations represent an average concentration over the entire
deployment period and provide an indication of the hydrophobic organic contaminants to which
the sampling site was exposed.  They do not provide information regarding specific pulse events
such as storms or dumping.  There were no rain events during the deployment periods and results
are thus indicative of baseflow conditions and would not be expected to include pollutants
entering the stream primarily during storms.  Since both deployments occurred during the fall,
pollutants that may be associated with the spring and summer growing seasons (e.g. some
pesticides) may have been missed or may be present at lower concentrations that during other
times of the year.
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Estimated average concentrations from SPMD deployments at HPHP01 and HPHP04 are shown
in Tables B.3 and B.4.  None of the reported concentrations are in the range of acute or chronic
toxicological benchmarks.  Only parameters that had concentrations above the detection limits
are reported in the tables.  See Section 3 of this appendix for a list of all parameters that were
analyzed by each analytical method.

Ten chlorinated pesticides out of 26 analyzed were collected over the course of the two
deployments.  Dieldrin and endosulfan sulfate were captured only at HPHP01 suggesting a
source below HPHP04 and alpha BHC was captured only at HPHP04 suggesting a source above
HPHP04.  Chlorinated pesticides collected at HPHP01 tended to be present at higher
concentrations than at HPHP04.  For example, reported values per deployment period for
heptachlor were 0.93 ng/L and 0.56 ng/L at HPHP04 and 1.08 ng/L and 0.95 ng/L at HPHP01.
The exception was 2,4-DDD, which was slightly higher at HPHP04 for both deployment periods.

Twelve PCBs out of 20 analyzed were collected at HPHP04 while nine out of 20 were detected
at HPHP01 suggesting a source above HPHP04.  Total PCB concentrations for both locations
over both deployments were quite similar and well below corresponding chronic screening
values.

PAHs appeared to be more prevalent in the upper watershed. Concentrations were well below
chronic screening values.  Pyrene and fluoranthrene were present at the highest concentrations.
Fluoranthrene concentrations were twice as high at HPHP04 compared to HPHP01 for both
deployment periods.  Pyrene concentrations were three times higher at HPHP04 for the second
deployment period and slightly higher than pyrene concentrations for the first deployment period
at HPHP01.
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Table B.3  Chlorinated Pesticides and PCBs Collected by SPMDs in Horsepen Creek*

HPHP04 HPHP01

Pollutants (ng/L)

Current Use Pesticides

October 31, 2001 November 19, 2001 October 31, 2001 November 19, 2001

Chlorpyrifos 0.17 bdl 0.20 bdl
Chlorinated Pesticides
alpha BHC 0.12 0.05 bdl bdl
Hexachlorobenzene 0.09 0.07 0.10 0.08
Heptachlor 0.65 0.40 0.76 0.66
alpha chlordane 0.53 0.36 1.05 0.89
gamma chlordane 0.47 0.30 0.92 0.79
Dieldrin bdl bdl 0.28 0.12
Endosulfan sulfate bdl bdl 0.31 0.23
4,4’-DDD 0.21 0.18 0.23 0.11
4,4’-DDE 1.53 1.06 2.12 1.74
2,4’-DDD 0.55 0.27 0.20 0.22
Sum of DDTs 2.28 1.51 2.55 2.07
PCBs
PCB 18 0.14 0.12 0.17 bdl
PCB 28 0.35 0.42 0.44 0.88
PCB 52 0.43 0.34 0.45 bdl
PCB 44 0.22 0.18 0.19 0.37
PCB 66 0.14 0.12 bdl 0.76
PCB 101 0.37 0.22 0.30 bdl
PCB 118 0.15 0.06 0.14 0.44
PCB 153 bdl 0.25 0.30 bdl
PCB 138 0.11 0.10 bdl bdl
PCB 126 0.06 0.05 bdl bdl
PCB 187 0.07 0.06 0.07 bdl
PCB 180 bdl 0.24 bdl bdl
Sum of PCBs 2.03 2.15 2.06 2.46

 * Length of deployment: 15 days in October, 19 days in November.   bdl = below detection limit of 0.025 ng/L
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Table B.4  PAHs Collected by SPMDs in Horsepen Creek*
HPHP04 HPHP01

PAHs (ng/L)
October 31, 2001 November 19, 2001 October 31, 2001 November 19, 2001

Napthalene 0.41 0.17 0.26 0.13
2-Methylnapthalene 0.10 0.29 bdl 0.25
1-Methylnapthalene 0.28 0.30 bdl 0.27
Biphenyl 0.14 0.27 0.11 0.24
2,6-Dimethylnapthylene 0.18 0.26 bdl 0.23
Acenapthene 0.16 0.27 0.24 0.31
Dibenzofuran 0.13 0.12 0.07 0.06
2,3,5-Trimethylnapthalene 0.27 0.27 0.20 0.35
C1 – Napthalenes 0.34 0.32 0.39 0.20
C2 – Napthalenes 0.76 0.71 1.12 0.58
C3 – Napthalenes 1.12 1.06 2.30 1.49
C4 – Napthalenes 1.27 1.44 3.06 1.15
Fluorene 0.29 0.24 0.27 0.14
1-Methylfluorene 0.14 0.09 0.21 0.13
C1 – Fluorenes 0.78 0.45 0.61 0.51
C2 – Fluorenes 1.77 1.53 2.29 0.97
C3 – Fluorenes 0.98 bdl 0.71 bdl
Dibenzothiophene 0.21 0.17 bdl 0.30
C1 – Dibenzothiophenes 0.36 0.48 bdl 0.38
C2 – Dibenzothiophene 0.77 0.71 0.45 0.48
C3 – Dibenzothiophene 0.62 0.60 bdl 0.32
Phenanthrene 2.57 1.54 0.94 2.42
Anthracene 0.38 0.23 0.14 bdl
1-Methylphenanthrene 0.52 0.30 0.38 0.23
C1 – Phenanthrenes/Anthracenes 2.72 2.15 2.31 1.53
C2 – Phenanthrenes/Anthracenes 1.46 1.78 1.38 0.89
C3 – Phenanthrenes/Anthracenes 0.79 1.62 0.72 0.41
Fluoranthrene 6.32 7.22 3.90 3.52
Pyrene 3.85 5.29 2.90 1.80
C1 – Fluoranthenes/Pyrenes 1.21 1.61 0.89 0.40
Retene 1.61 0.75 2.51 0.64
Benz[a]anthracene 0.26 0.43 0.19 0.13
Chrysene 1.44 2.15 0.59 0.52
C1 – Chrysenes 0.38 0.52 0.14 0.13
Benzo[b]fluoranthene 0.54 1.00 0.23 0.21
Benzo[k]fluoranthene 0.17 0.43 0.07 0.10
Benzo[e]pyrene 0.45 0.85 0.18 0.21
Benzo[a]pyrene bdl 0.16 bdl bdl
Perylene 0.91 0.78 0.83 0.31
Indeno[1,2,3-c,d]perylene bdl 0.09 bdl bdl
Dibenz[a,h]anthracene bdl 0.13 bdl bdl
benzo[g,h,i]perylene bdl 0.18 bdl bdl
Sum PAH 36.64 38.97 30.58 21.92
* Length of deployment: 15 days in October, 19 days in November.   bdl = below detection limit of 0.025 ng/L
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2.4   City of Greensboro Data

Pesticides.  For a one year period (April 1999 – May 2000) the City of Greensboro collaborated
with the Water Resources Research Institute (WRRI) and North Carolina State University
(NCSU) in a pesticide research project.  Greensboro personnel collected stormwater grab
samples from a tributary to Price Park Branch.  Five pesticides were analyzed by NCSU using
enzyme linked immunosorbent assays (ELISA).  Results were discussed in Section 5 of the main
text.

While chlorpyrifos was detected in one of seven storm events, the ELISA detection limits (0.10
µg/L) exceeded EPA’s NAWQC acute screening value of 0.083 µg/L (USEPA, 1999).  It is
therefore possible that potentially toxic levels of chlorpyrifos were present even in some of the
samples in which is was not detected..  Chlorpyrifos was detected above the screening value at
0.19 µg/L in one sample.

Metals.  The City of Greensboro analyzed 12 baseflow samples for cadmium, copper, lead and
zinc between January 2000 and November 2001 at Battleground Avenue and at Old Oak Ridge
Road.  Baseflow metals data from Battleground Avenue were compared to chronic screening
values (Table B.5).  Old Oak Ridge Rd. metals data are not presented here because all
concentrations were below screening values at that location.  At Battleground Ave. chronic
screening values for cadmium, copper and lead were exceeded once, in March 2001.

City of Greensboro staff collected grab and flow-weighted composite storm samples on seven
occasions between March 2000 and December 2001 at Battleground Avenue (Table B.6).  Grab
sample data are not presented here.  Samples were analyzed for the four metals mentioned above
plus chromium and nickel.  Acute screening values were exceeded for one or more metals in
70% of flow-weighted samples.  Copper exceeded acute screening values on five occasions.
Toxicity bioassays were not conducted
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Table B.5   Total Metal Concentrations in Baseflows and NAWQC Chronic Values (µg/L)
City of Greensboro Grab Samples*

Horsepen Creek at Battleground Ave., 2000
Parameter 1/14/2000 NAWQC 3/14/2000 NAWQC 5/9/2000 NAWQC 7/11/2000 NAWQC 9/11/2000 NAWQC 12/5/2000 NAWQC
Cadmium - 1.2 0.13 1.6 - 1.5 - 1.4 - 2.7 0.04 1.6
Copper 2 4.4 3 5.8 2 5.6 - 5.2 2 10.2 2 5.8
Lead 0.5 1.1 0.3 1.6 0.3 1.5 - 1.3 - 3.6 0.2 1.6
Zinc - 57 - 74 - 72 - 67 - 131 5 75
Hardness
(mg/L)

42.0 -- 57.0 -- 55.1 -- 50.0 -- 111.0 -- 57.2 --

Horsepen Creek at Battleground Ave., 2001
Parameter 1/11/2001 NAWQC 3/19/2001 NAWQC 5/2/2001 NAWQC 7/17/2001 NAWQC 9/17/2001 NAWQC 11/5/2001 NAWQC
Cadmium - 1.6 1.4 1.2 - 1.5 - 1.5 0.12 1.5 - 1.9
Copper - 5.6 5 4.1 - 5.2 - 5.4 - 5.5 - 6.9
Lead - 1.5 2 0.9 0.23 1.4 0.26 1.4 - 1.5 - 2.0
Zinc - 73 11 53 - 68 12 70 - 71 - 89
Hardness
(mg/L)

55.6 -- 38.0 -- 51.0 -- 53.0 -- 54.0 -- 70.0 --

*Values in bold type exceed the applicable screening benchmark. Screening values are NAWQC (USEPA, 1999).  See Section 1.4 of this Appendix for discussion.  Screening values were adjusted for
hardness.  A dash (-) denotes concentration below detection limit.  Detection limits were less than or equal to screening values.
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Table B.6   Total Metal Concentrations in Stormflows and NAWQC AcuteValues (µg/L)
City of Greensboro Flow-Weighted Composite Samples*

   Horsepen Creek at Battleground Ave., 2000
Parameter 3/16/2000 NAWQC 6/18/2000 NAWQC 8/18/2000 NAWQC 12/16/2000 NAWQC
Cadmium 0.26 2.1 1.5 5.3 - 7.1 0.14 3.9
Chromium 14 16 29 16 9.8 16 1.1 16
Copper 12 7 50 16 13 20.4 - 12.3
Nickel 7 262 14 528 14 657 - 417
Lead 6.6 34 22 97.5 12 135.6 0.9 68.5
Zinc 41 67 130 135 41 168 9 107
Hardness
(mg/L)

50.3 -- 115.0 -- 149.0 -- 87.1 --

 Horsepen Creek at Battleground Ave., 2001
Parameter 2/25/2001 NAWQC 8/11/2001 NAWQC 12/10/2001 NAWQC
Cadmium 0.14 3.7 0.08 0.9 0.17 1.8
Chromium 12 16 9.3 16 5.8 16
Copper 12 11.9 17 3.6 10 6.5
Nickel 5 405 5 139 - 234
Lead 5.5 65 6.2 13.1 4.7 28.7
Zinc 29 103 52 36 34 60
Hardness
(mg/L)

84.0 -- 23.8 -- 44.0 --

*Values in bold type exceed the applicable NAWQC (USEPA, 1999). See Section 1.4 of this Appendix for discussion.
Screening values were adjusted for hardness.  A dash (-) refers to metal concentration below detection limit.  Detection
limits were less than or equal to screening values.
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2.5  Water Column Toxicity

Results of water column bioasssays using Ceriodaphnia dubia (see Section 1.2 of this Appendix)
are shown in Table B.7 (chronic) and Table B.8 (acute).  The HPHP01 and HPHP02 tests
conducted with the 10/3/01 and 10/5/01 samples were both invalid due to control reproduction
performance not meeting USEPA/DWQ quality control criteria.  In both instances average
sample reproduction was similar to previous data.  If control reproduction had been similar to
previous tests, both sites would likely not have indicated significant sample impacts.
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Table B.7   Chronic (7 Day) Bioassay Results, Horsepen Creek*

Site
ID

Sample
dates

Sample
Type Test Result

Ave
Control
reprod.

Ave Sample
reprod.

Sample
%reprod vs.

control
Control

CV
Control

MSD
Control
PMSD pH

COND,
µmhos/cm Notes

HPHP01
4/10/01,
4/13/01

Grab,
baseflow PASS 21.4 23.6 110 21.301 NA NA

6.90,
7.30

113.6,
137.9 100% controls w/ 3 broods

HPHP01
5/8/01,
5/11/01

Grab,
baseflow PASS 22.4 26.8 120 33.879 NA NA

7.21,
7.03

141.1,
146.6 82% controls w/ 3 broods

HPHP01
8/29/01,
8/31/01

Grab,
baseflow PASS 21.3 22.5 106 15.002 NA NA

7.44,
8.10

120.3,
147.2 100% controls w/ 3 broods

HPHP01
10/3/01
10/5/01

Grab,
baseflow

PASS,
(invalid) 11.8 23.1 196 51.697 NA NA

7.54,
7.59

145.8,
140.1

58% controls w/ 3 broods,
control reprod <15.0, CV
>40%

HPHP02
4/10/01,
4/13/01

Grab,
baseflow PASS 24.2 24.8 102 12.703 NA NA

8.20,
7.40

124.4,
153.3 100% controls w/ 3 broods

HPHP02
5/8/01,
5/11/01

Grab,
baseflow PASS 26.8 31.0 116 27.890 NA NA

7.47,
7.12

167.9,
199 92% controls w/ 3 broods

HPHP02
8/29/01,
8/31/01

Grab,
baseflow PASS 27.4 26.7 97.4 11.048 NA NA

7.48,
8.07

137,
105.6 100% controls w/ 3 broods

HPHP02
10/3/01
10/5/01

Grab,
baseflow

PASS,
(invalid) 8.5 28.8 339 36.000 NA NA

7.61,
7.99

147.7,
189.6

17% controls w/ 3 broods,
control reprod <15.0

HPHP11
8/29/01,
8/31/01

Grab,
baseflow PASS 23.5 24.6 105 12.239 NA NA

7.51,
8.19

214,
165.5 100% controls w/ 3 broods

*Pass/Fail test  using Ceriodaphnia dubia
CV = coefficient of variation; NC DWQ upper limit set at 40.0 for valid test
MSD = minimum significant difference; (control mean) – MSD = significant change in sample response
PMSD = percent MSD, PMSD = MSD/(control mean reproduction) * 100
na = not available, MSD could not be calculated from test data
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Table B.8   Acute (48 Hour) Bioassay Results, Horsepen Creek*

Site
ID Sample date Sample type

Result,
LC50, %

Treatment %
Mortality
Data

% Control
Mortality pH

COND.,
µmhos/cm Notes

HPHP01 3/15/01 Grab, stormflow >100
No mortality @ 12.5-
100% sample NA 6.92 125.6 Dilution water = MIPL

HPHP01 5/17/01 Grab, stormflow >100
No mortality @ 12.5-
100% sample NA 6.67 134.7 Dilution water = MIPL

HPHP01 9/24/01 Grab, stormflow >100
No mortality @ 12.5-
100% sample NA 7.52 75.2 Dilution water = MIPL

HPHP02 3/15/01 Grab, stormflow >100
No mortality @ 12.5-
100% sample NA 6.54 89.4 Dilution water = MIPL

HPHP02 5/16/01 Grab, stormflow >100
No mortality @ 12.5-
100% sample NA 6.77 105.1 Dilution water = MIPL

HPHP02 6/22/01 Comp., stormflow
>100
(invalid)

No mortality @ 12.5-
100% sample NA 7.95 97.9 Dilution water = MIPL , Sample exceeded HT

HPHP02 7/1/01 Grab, stormflow >100
No mortality @ 12.5-
100% sample NA 7.39 97.9 Dilution water = MIPL

HPHP02 7/18/01 Comp., stormflow >100
No mortality @ 12.5-
100% sample NA 7.50 131.7 Dilution water = MIPL

HPHP02 7/26/01 Comp., stormflow >100
No mortality @ 12.5-
100% sample NA 7.70 87.7 Dilution water = MIPL

HPHP02 8/1/01 Grab, stormflow >100
No mortality @ 12.5-
100% sample NA 7.68 153.3 Dilution water = MIPL

HPHP11 9/20/01 Grab, stormflow >100
No mortality @ 12.5-
100% sample NA 7.33 37.6 Dilution water = MIPL

*Full range (multi-concentration) test using Ceriodaphnia dubia
CV = coefficient of variation
MSD = minimum significant difference; (control mean) – MSD = significant change in sample response
NA = data not available
Comp. = composite sample
HT = maximum holding time
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2.6 Bed Sediment Toxicity

Sediment bioassays conducted on bed sediments collected at HPHP02 and HPHP04 evaluated a
number of biological endpoints (Table B.9).  Physical sediment characteristics are summarized in
Table B.10.  No statistically significant reductions in survival, body length or reproduction
relative to the control were observed at P=0.05.  The number of young in the depositional (fine)
sample at HPHP02 appears to be reduced compared to the control sample and the sand sample,
but did not test as statistically significant.  This may reflect a chronic effect that did not test as
significant due to limitations of test sensitivity, possibly due to control response variability.  An
increased chronic effect in the depositional sediment matrix would not be unexpected, and may
be explained by increased adsorption of organics and metals to the silt and clay component, as
compared to the sand matrix.

Table B.9  Response of Hyalella azteca in 42 Day Exposures to Bed Sediment Samples
from HPHP02 and HPHP04 and Control Sediment1

Sample
Number

28-day
Survival

28-day
Length2

35-day
Survival

42-day
Survival

42-day
Length2

42-day
# of young
Per Female

Control 91 (3.98) 4.50 (0.06) 85 (5.00) 85 (5.00) 5.22 (0.12) 6.20 (2.03)

HPHP02-depositional 93 (1.64) 4.53 (0.06) 95 (2.89) 93 (4.79) 5.43 (0.07) 4.53 (1.36)

HPHP02-sand 96 (1.83) 4.73 (0.05) 98 (2.27) 98 (2.27) 5.26 (0.07) 7.20 (0.88)

HPHP04-depositional 95 (2.67) 4.82 (0.06) 90 (4.08) 88 (4.79) 5.60 (0.10) 11.63 (2.22)

HPHP04-sand 91 (3.98) 5.00 (0.07) 83 (7.50) 78 (7.50) 5.78 (0.11) 24.35 (10.46)
1. Means (standard error of the means in parentheses).  No endpoints were significantly different than
control at p <0.05.
2. Starting body length of amphipods = 2.10 (0.07) mm.

Table B.10  Physical Characteristics of Sediment Samples

Particle Size (%)Sample
Number

Total Organic
Carbon

(%)

Water
(%)

Sand Silt Clay

Sediment
Class

Control 1.25 40 53 17 30 Loam

HPHP02-depositional 0.34 31 68 18 14
Sandy
Loam

HPHP02-sand <0.01 23 84 14 2
Loamy
Sand

HPHP04-depositional 0.87 36 48 22 30 Loam

HPHP04-sand 0.06 20 84 16 0
Loamy
Sand
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2.7  Bed Sediment Chemistry

Stream bed sediments at HPHP01 and HPHP04 were analyzed for metals, acid and base/neutral
extractable organics, PAHs, PCBs, chlorinated pesticides, and selected current use pesticides.
No pollutants were detected in non-depositional (sand) sediment.  While no acid and base/neutral
extractable organics were detected in depositional (fine) sediments, the detection limits for a
number of these compounds were greater than published screening benchmarks (Table B.11),
and it is possible that these contaminants were present at levels above screening benchmarks.
Results for all analytes detected in depositional sediment were presented in Section 5 of the main
text except for individual PCBs, which are presented in Table B.12.  For a complete list of
pesticides analyzed, see Section 3 of this appendix.

Table B.11.  Metals and Base-neutral and Acid Extractable (BNA) Organic Analytes with
Detection Limits above Sediment Benchmark Concentrations*

Analyte
Range of Detection Limits

(µg/kg dry wt.)
Range of Sediment Benchmarks

(µg/kg dry wt.)**
Benzoic acid 710 to 1200 65 to 650
Butylbenzylphthalate 360 to 610 63
2-Chlorophenol 360 to 610 8
Di-n-Butylphthalate 360 to 610 183.7
Di-n-octylphthalate 360 to 610 61
1,2-Dichlorobenzene 360 to 610 13
1,4-Dichlorobenzene 360 to 610 110
2,4-Dichlorophenol 360 to 610 5
Diethylphthalate 360 to 610 6
2,4-Dimethylphenol 360 to 610 18 to 29
Dimethylphthalate 360 to 610 6
Hexachlorobenzene 360 to 610 10 to 400.8
Hexachlorobutadiene 360 to 610 1.3
Hexachloroethane 360 to 610 73
2-Methylphenol 360 to 610 8 to 63
N-Nitrosodiphenylamine 360 to 610 28
Nitrobenzene 360 to 610 21
Pentachlorophenol 1800 to 3100 17 to 360
Phenol 360 to 610 80.16 to 420
1,2,4-Trichlorobenzene 360 to 610 4.8
2,4,5-Trichlorophenol 360 to 610 3
2,4,6-Trichlorophenol 360 to 610 6
Selenium 5.88 to 9.09 1
*All sand and depositional sediment samples had detection limits above the benchmark ranges
    except HPHP02-sand, which had a limit within the range for hexachlorobenzene and phenol, and
    HPHP04-sand, which had a limit within the range for phenol.
**Using sediment screening benchmark sources in Table B.2. Selenium is in mg/kg.
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Table B.12  PCBs in Depositional Sediment of Horsepen Creek (µg/Kg) dry weight*
Contaminant HPHP04 HPHP02
PCB 66 0.15 --
PCB101 0.51 0.35
PCB 118 0.58 0.28
PCB 153 0.39 0.47
PCB 138 1.15 0.64
PCB128 0.16 --
Sum of PCBs 2.94 1.74

* -- indicates contaminant was below detection limit

2.8  Source Area Assessments and Other Incidents

Cattle Pasture.  On July 26, 2001 project staff and DWQ personnel from the Winston-Salem
Regional Office (WSRO) visited a pasture north of West Friendly Ave. on King George Branch
to investigate water quality issues.  Cattle had access to the creek at this location and had been
observed in the stream on several previous occassions.  Upstream and downstream grab samples
were collected for fecal coliform, BOD and suspended residue.  The stream was slightly turbid
and rain occurred during the previous evening.  Fecal coliform results were 3,900 col/100 ml
upstream and > 6,000 col/100 ml downstream.  BOD was twice as high immediately downstream
from pasture (2.2 mg/L upstream and 5.7 mg/L downstream).  Suspended residue concentrations
above and below the area were 16 mg/L and 26 mg/L respectively.  Up and downstream specific
conductance and DO were comparable (specific conductance 108 µS/cm and DO 7.4 mg/L).
Staff notified personnel from Guilford County Soil and Water Conservation District.  No
enforcement action was taken.

Former Fuel Storage Terminal.  Located south along Market Street between West Friendly
Avenue and Gallimore Dairy Road is the site of a former fuel storage terminal (Fina Oil and
Chemical Terminal #1760, noted as the underground storage tank in Figure 2.5 of the main text).
In the late 1980’s fuel was detected in pools underground below the facility.  The site was
eventually closed and tanks and pipelines removed.  An underground wall (hydrocarbon
interceptor) was constructed in July 1997 north of West Market Street (currently airport
property) to prevent pollutant migration to Horsepen Creek.  Groundwater and surface water
monitoring (north and south of West Market Street) continues to this day.  A monitoring report
(October 2000) provided by Guilford County Health Department was reviewed as part of this
assessment.  Several volatile and semi-volatile pollutants exceeded 15A NCAC 2L Groundwater
Standards at four monitoring well locations. Surface water monitoring results for these pollutants
were below detection limits.

VOC source investigation.  In order to investigate the source of three volatile organic compounds
previously detected at HPHP11 (Section 5.3), baseflow samples were collected at three locations
along Sherwin Branch in October 2001: downstream at Chimney Rock Road (HPHP11), a
middle site at West Friendly Avenue (HPHP14), and an upstream location at North Chimney
Rock Road (HPHP15).  The three VOCs [1,1 dichloroethane (1-1-DCA), 1,1,1-trichlorethane (1-
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1-1-TCA)  and trichloroethene (TCE)] were detected only at the most downstream location,
suggesting a source between Chimney Rock Road and West Friendly Avenue.  The chlorinated
solvents TCE, 1-1-DCA and 1-1-1-TCA are common groundwater contaminants, and their
presence at HPHP11 may indicate the discharge of contaminated groundwater to Sherwin
Branch.

Restaurant grease dumping.  During a meeting with the Guilford County Environmental Health
Department in July 2001, it was learned that a restaurant in the Brassfield shopping center on
Battleground Avenue had been issued an NOV for flushing grease down a storm drain.  The
grease was captured in an adjacent wet detention pond and discovered during a routine County
inspection.  Pictures of the wet detention pond did not appear to indicate that water had
discharged to a tributary to Horsepen Creek.  Industrial pumper trucks were employed to clean
the basin.

Fish kill in Price Park Branch at Cross Timbers Drive.  In August 2001 approximately 20 dead
fish were observed in Price Park Branch near HPHP03.  Live fish were also observed in the
stream.  DO was measured at 4.2 mg/L.  WSRO staff were notified and investigated the site.  A
sewage spill resulting from a broken 14-inch main was reported to have occurred the day before
in the area (Section 2).  The main was repaired.

2.9  Summary of Chemical/Physical Data

Tables B.13 to B.22 summarize the physical and chemical data collected at the primary sampling
locations described in Section 5 of the main text.  Column headings for these tables are given
below:

N number of samples or measurements
#Det number of samples at or above the minimum analytical reporting level
Max maximum value
Min minimum value
Med median
Mean mean (geometric mean, in the case of fecal coliform)

Min values below the minimum analytical reporting limit are shown in the table as a minimum
value (Min) less than the specified reporting limit (e.g. “<5.0”).  If the reporting limits for a
parameter varied, the Min value is reported as a range (e.g. “<5.0-10”).

In calculating means, values below detection limits were assigned a value of ½ the detection
limit.

Where all samples for a parameter were below the reporting limit for a parameter, the maximum,
median and mean values were not calculated.  The minimum value is shown as < reporting limit.

When only a single sample was analyzed and the value exceeded the reporting limit, the value is
reported in the Max column. Median and mean values were not calculated.
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For each analysis for pesticides or other organics (broad scan GC/MS, quantitative GC/MS, or
EPA Method) only the compounds measured at or above the minimum analytical detection limits
are shown in the following tables.  If all analytes were below detection limits “all bdl” is listed in
the parameter column.  A complete list of analytes and detection limits for organic and pesticide
analyses in included in Section 3 of this Appendix.
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TABLE B.13  Water Quality Summary for Horsepen Creek at Battleground Ave. (HPHP01)

N #DET MAX MIN MED MEAN N #DET MAX MIN MED MEAN

Field Parameters
Air Temperature (oC) 11 N/A 35 16 22 24 3 N/A 25 12 15 17
Water Temperature (oC) 16 N/A 23.8 6.0 17.9 17.2 3 N/A 21.2 11.0 16.3 16.2
Specific Cond (µS/cm)  16 N/A 166 111 146 141 3 N/A 132 80 119 110
DO (mg/L) 16 N/A 10.2 5.5 7.2 7.3 3 N/A 7.3 7.1 7.2 7.2
DO (% saturation) 15 N/A 93.7 60.0 74.7 76.4 3 N/A 76.0 65.0 72.0 71.0
pH (Standard Units) 13 N/A 7.8 6.6 7.2 7.1 3 N/A 7.3 6.7 7.0 7.0

Nutrients (mg/L)
Ammonia Nitrogen 6 4 0.1 <0.1 0.1 0.08 3 3 0.2 0.1 0.1 0.13
Total Kjeldahl Nitrogen 6 6 2.5 0.2 0.6 0.9 3 3 1.4 0.7 1.3 1.1
Nitrate+Nitrite Nitrogen 6 6 0.45 0.04 0.21 0.20 3 3 0.61 0.31 0.51 0.48
Total Phosphorus 6 5 0.08 <0.02 0.07 0.06 3 3 0.16 0.07 0.13 0.12
Ortho Phosphorus 1 0 <0.01
Miscellaneous Inorganics (mg/L)
Hardness, Total 6 6 65.0 43.0 55.3 54.8 3 3 48.0 30.0 48.0 42.0
Residue, T. Suspended 6 6 9.2 2.4 5.4 5.7 3 3 56.0 26.0 53.0 45.0
Total Dissolved Solids 6 6 141 97 101 108 3 3 105 67 88 87

Turbidity (NTU) 6 6 13.0 7.1 9.7 9.9 3 3 72.5 23.1 49.8 48.5

Metals (µg/L)
Aluminum 6 6 299 96 183 200 3 3 575 246 503 440
Arsenic 6 0  <5 3 0 < 5
Cadmium 6 2 1.4 0.1 0.1 0.3 3 1 0.2
Chromium 6 0 <1 3 1 2
Copper 6 5 2 1 2 1.6 3 3 6 4 6 5
Iron 6 6 1210 807 984 1009 3 3 1910 1310 1350 1520
Lead 6 0 <1 3 3 5 1 3 3
Manganese 6 6 289 129 159 175 3 3 290 175 208 220
Mercury 6 0 < 0.2 3 0 < 0.2
Nickel 6 1 1 3 0 <1
Silver 6 1 0.7 3 0 < 0.5
Zinc 6 6 8 3 4 4 3 3 22 14 14 17

MBAS (mg/L) 4 1 9.8 1 1 0.54

Ions (mg/L)
Calcium 5 5 14.6 11.7 12.3 12.8 2 2 10.7 7.4 9.1 9.1
Magnesium 5 5 5.2 3.8 4.4 4.5 2 2 3.6 2.7 3.2 3.2
Potassium 5 5 2.8 1.8 2.4 2.3 2 2 3.2 2.5 2.8 2.8
Sodium 5 5 7.1 4.8 5.9 6.0 2 2 5.8 3.3 4.6 4.6
Fluoride 1 1 0.1
Chloride 1 1 8.7
Bromide 1 0 <0.05
Sulfate 1 1 6.9
Nitrite 1 0 <0.01
Nitrate 1 1 0.5

PARAMETER
BASEFLOW STORMFLOW
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TABLE B.13  Continued.  Water Quality Summary for Horsepen Creek at Battleground Ave.
(HPHP01)

N #DET MAX MIN MED MEAN N #DET MAX MIN MED MEAN

MTBE (µg/L) 5 0 < 1.0 1 0 < 1.0

TPH via CA Method (mg/L)
Gasoline 5 0 < 0.24 1 0 < 0.24
Diesel 5 0 < 0.10 1 0 < 0.10

Phenols via EPA Method 604 (µg/L)
all bdl 1 0 <5.0 3 0 <5.0

Chlorinated Pesticides & PCB's via EPA Method 608 (µg/L)
all bdl 1 0 1 0

Current-Use Pesticides via Gas Chromatography / Mass Spectrometry (µg/L)
Diazinon 2 1 0.72

Current-Use Pesticides via Broad Scan GC/MS (µg/L)
all bdl 2 0 <0.10

PAH's via EPA Method 610 (µg/L)
all bdl 1 0 <5.0 3 0 <5.0

Base/Neutral & Acid Organics via EPA Method 625 (µg/L)
all bdl 3 0 1 0

Volatile Organics via EPA Method 624 (µg/L)
all bdl 2 0

Acid Herbicides via EPA Method 615 (µg/L) 
all bdl 1 0 <0.1 - 3.2

Organophosphorous Pesticides via EPA Method 614 / 622 (µg/L)
all bdl 1 0

Fecal Coliform Bacteria
Colonies per 100 mL 5 5 740 190 310 320

<1.0 - 2.0

<5.0 - 10.0 <5.0 - 10.0

<0.4 - 20.0

<1.0 - 0.2 <1.0 - 0.2

PARAMETER
BASEFLOW STORMFLOW
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TABLE B.14  Water Quality Summary for Horsepen Creek at Ballinger Rd. (HPHP02)

N #DET MAX MIN MED MEAN N #DET MAX MIN MED MEAN

Field Parameters
Air Temperature (oC) 10 N/A 33 14 26 25 7 N/A 29 11 27 23
Water Temperature (oC) 24 N/A 27.7 5.1 21.3 18.8 8 N/A 23.0 10.6 22.3 20.3
Specific Cond (µS/cm) 24 N/A 184 88 153 149 8 N/A 145 73 103 106
DO (mg/L) 24 N/A 12.1 5.4 8.6 8.6 8 N/A 8.7 6.3 7.3 7.3
DO (% saturation) 15 N/A 144.0 63.0 87.0 94.8 8 N/A 91.0 59.2 80.5 78.3
pH (Standard Units) 18 N/A 9.7 6.9 7.5 7.7 8 N/A 7.3 6.4 6.7 6.8

Nutrients (mg/L)
Ammonia Nitrogen 2 0 <0.1 1 1 0.1
Total Kjeldahl Nitrogen 2 2 1.1 1.1 1.1 1.1 1 1 0.7
Nitrate+Nitrite Nitrogen 2 2 0.34 0.10 0.22 0.22 1 1 0.25
Total Phosphorus 2 2 0.29 0.12 0.21 0.21 1 1 0.10

Miscellaneous Inorganics (mg/L)
Hardness, Total 2 2 60.5 58.0 59.3 59.3 1 1 59.0
Residue, T. Suspended 2 2 23.0 6.8 14.9 14.9 1 1 19.0
Total Dissolved Solids 2 2 109 108 109 109 1 1 114

Turbidity (NTU) 2 2 7.8 5.2 6.5 6.5 1 1 15.4

Metals (µg/L)
Aluminum 2 2 265 170 218 218 3 3 3360 208 1420 1663
Arsenic 2 0  < 5 3 0 < 5
Cadmium 2 1 1.1 3 2 2.2 0.1 0.6 0.6
Chromium 2 0 < 1 3 2 8 1 6 5
Copper 2 2 6 1 4 4 3 3 34 3 20 19
Iron 2 2 514 434 474 474 3 3 5310 549 2910 2923
Lead 2 1 1 3 2 14 1 10 8
Manganese 2 2 74 71 73 73 3 3 849 73 699 540
Mercury 2 0 < 0.2 3 0 < 0.2
Nickel 2 0 < 1 3 2 9 1 4 5
Silver 2 0  < 0.5 3 1 0.6
Zinc 2 2 15 10 12 12 3 3 183 4 132 110

MBAS (mg/L) 2 1 0.356 1 1 0.06

Ions (mg/L)
Calcium 2 2 15.9 14.3 15.1 15.1 1 1 15.3
Magnesium 2 2 5.4 4.9 5.1 5.1 1 1 5.2
Potassium 2 2 2.3 2.1 2.2 2.2 1 1 2.0
Sodium 2 2 6.1 5.5 5.8 5.8 1 1 4.6

MTBE (µg/L) 4 0 < 1.0 1 0 < 1.0

STORMFLOW
PARAMETER

BASEFLOW
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TABLE B.14  Continued.  Water Quality Summary for Horsepen Creek at Ballinger Rd.
(HPHP02)

N #DET MAX MIN MED MEAN N #DET MAX MIN MED MEAN

TPH via CA Method (mg/L)
Gasoline 5 0 < 0.24 1 0 < 0.24
Diesel 5 0 < 0.10 1 0 < 0.10

Phenols via EPA Method 604 (µg/L)
all bdl 5 0 < 5.0

Chlorinated Pesticides & PCB's via EPA Method 608 (µg/L)
all bdl 4 0

Current-Use Pesticides via Gas Chromatography / Mass Spectrometry (µg/L)

Diazinon 5 1 6.24
Metolachlor 5 3 1.26 0.64 0.79 2.56

Simazine 5 2 0.11 0.08 0.06 0.06

Current-Use Pesticides via Broad Scan GC/MS (µg/L)

Diazinon 5 1 >0.10

Metolachlor 5 3 >0.10

PAH's via EPA Method 610 (µg/L)

all bdl 3 0 <5.0
Base/Neutral & Acid Organics via EPA Method 625 (µg/L)
Di-n-Butylphthalate 2 0 5 1 46.8

Volatile Organics via EPA Method 624 (µg/L)
all bdl 2 0

Organophosphorous Pesticides via EPA Method 614 / 622 (µg/L)
all bdl 1 0

Nitrogen Pesticides via EPA Method 619/630 (µg/L)

Tributyl Phosphate 1 1 0.770

<1.0 - 0.2

<0.4 - 20.0

<1.0 - 2.0

<5.0 - 10.0

STORMFLOW
PARAMETER

BASEFLOW
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TABLE B.15  Water Quality Summary for Price Park Branch at Crosstimbers Dr. (HPHP03)

TABLE B.16  Water Quality Summary for Horsepen Creek at Bledsoe Dr. (HPHP04)

TABLE B.17  Water Quality Summary for King George Branch at Ballinger Rd. (HPHP05)

N #DET MAX MIN MED MEAN N #DET MAX MIN MED MEAN

Field Parameters
Air Temperature (oC) 1 N/A 14
Water Temperature (oC) 9 N/A 24.2 12.4 19.0 18.3 2 N/A 24.5 23.2 23.9 23.9
Specific Cond (µS/cm) 9 N/A 148 110 129 128 2 N/A 108 98 103 103
DO (mg/L) 9 N/A 8.3 4.2 7.0 7.0 2 N/A 6.6 5.9 6.3 6.3
DO (% saturation) 5 N/A 83.0 50.0 75.0 71.0 1 N/A 80.0
pH (Standard Units) 7 N/A 8.2 6.9 7.2 7.3 2 N/A 6.5 6.4 6.5 6.5

Miscellaneous Inorganics (mg/L)
Hardness, Total 1 1 93.0
Residue, T. Suspended 1 1 176.0
Total Dissolved Solids 1 1 161

Turbidity (NTU) 1 1 325

PARAMETER
BASEFLOW STORMFLOW

N #DET MAX MIN MED MEAN

Field Parameters
Air Temperature (oC) 3 N/A 32 17 21 23
Water Temperature (oC) 8 N/A 23.7 12.1 18.3 17.9
Specific Cond (µS/cm) 8 N/A 180 121 162 157
DO (mg/L) 8 N/A 8.7 5.9 7.7 7.4
DO (% saturation) 7 N/A 95.0 61.0 78.0 79.3
pH (Standard Units) 6 N/A 8.4 7.0 7.4 7.5

PARAMETER
BASEFLOW

N #DET MAX MIN MED MEAN

Field Parameters
Air Temperature (oC) 1 N/A 28
Water Temperature (oC) 12 N/A 23.8 3.8 15.9 15.7
Specific Cond (µS/cm) 12 N/A 208 150 186 184
DO (mg/L) 12 N/A 9.5 6.5 7.6 7.8
DO (% saturation) 2 N/A 78.0 77.0 77.5 77.5
pH (Standard Units) 8 N/A 7.9 7.1 7.5 7.5
Base/Neutral & Acid Organics via EPA Method 625 (µg/L)
all bdl 1 0

Volatile Organics via EPA Method 624 (µg/L)
all bdl 1 0

<10.0 - 50.0

<0.25 - 10.0

PARAMETER
BASEFLOW
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TABLE B.18  Water Quality Summary for Horsepen Creek at Radar Rd. (HPHP07)

N #DET MAX MIN MED MEAN

Field Parameters
Air Temperature (oC) 4 N/A 33 15 29 26
Water Temperature (oC) 13 N/A 25.8 6.3 22.3 19.4
Specific Cond (µS/cm) 14 N/A 224 124 194 189
DO (mg/L) 13 N/A 10.3 6.6 7.6 8.1
DO (% saturation) 9 N/A 106.0 75.0 83.0 86.6
pH (Standard Units) 9 N/A 9.0 7.5 8.5 8.3

Metals (µg/L)
Aluminum 1 1 174
Arsenic 1 0 < 5
Cadmium 1 1 1.6
Chromium 1 0 < 1
Copper 1 1 7
Iron 1 1 304
Lead 1 0 < 1
Manganese 1 1 22
Mercury 1 0 < 0.2
Nickel 1 0 < 1
Silver 1 0 < 0.5
Zinc 1 1 8

Ions (mg/L)
Calcium 1 1 20.0
Magnesium 1 1 7.5
Potassium 1 1 1.6
Sodium 1 1 6.5

Base/Neutral & Acid Organics via EPA Method 625 (µg/L)
all bdl 1 0

Volatile Organics via EPA Method 624 (µg/L)

Tetrachloroethene 2 1 0.52

PARAMETER
BASEFLOW

<10.0 - 50.0
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TABLE B.19  Water Quality Summary for Horsepen Creek at Old Friendly Rd. (HPHP08)

N #DET MAX MIN MED MEAN N #DET MAX MIN MED MEAN

Field Parameters
Air Temperature (oC) 1 N/A 33 1 N/A 28
Water Temperature (oC) 7 N/A 25.8 16.7 24.0 22.2 1 N/A 27.6
Specific Cond (µS/cm) 8 N/A 276 146 251 235 1 N/A 59
DO (mg/L) 7 N/A 7.4 4.5 6.2 6.4 1 N/A 6.2
DO (% saturation) 6 N/A 78.0 75.0 76.0 76.2 1 N/A 78.0
pH (Standard Units) 4 N/A 8.4 6.7 7.0 7.3 1 N/A 6.3

Metals (µg/L)
Aluminum 1 1 466 1 1 792
Arsenic 1 0 < 5 1 0 < 5
Cadmium 1 0 < 0.1 1 0 < 0.1
Chromium 1 1 3 1 1 14
Copper 1 1 4 1 1 20
Iron 1 1 778 1 1 1460
Lead 1 0 < 1 1 1 14
Manganese 1 1 270 1 1 201
Mercury 1 0 < 0.2 1 0 < 0.2
Nickel 1 1 3 1 1 10
Silver 1 0 < 0.5 1 0 < 0.5
Zinc 1 1 22 1 1 140

Base/Neutral & Acid Organics via EPA Method 625 (µg/L)
all bdl 1 0

Current-Use Pesticides via Gas Chromatography / Mass Spectrometry (µg/L)
Diazinon 1 1 0.21

<5.0 - 10.0

PARAMETER
BASEFLOW STORMFLOW



B-33

TABLE B.20  Water Quality Summary for Sherwin Branch at Chimney Rock Rd. (HPHP11)

N #DET MAX MIN MED MEAN N #DET MAX MIN MED MEAN

Field Parameters
Air Temperature (oC) 4 N/A 30 22 25 26
Water Temperature (oC) 4 N/A 23.6 16.7 20.8 20.5 1 N/A 18.9
Specific Cond (µS/cm) 4 N/A 237 172 226 215 1 N/A 37
DO (mg/L) 4 N/A 8.0 6.1 6.2 6.6 1 N/A 7.9
DO (% saturation) 4 N/A 83.0 67.0 71.5 73.3 1 N/A 86.9
pH (Standard Units) 4 N/A 7.0 6.9 7.0 7.0 1 N/A 6.6

Metals (µg/L)
Aluminum 1 1 82 1 1 379
Arsenic 1 0  < 5 1 0 < 5
Cadmium 1 0 < 0.1 1 0 < 0.1
Chromium 1 0 < 1 1 1 2
Copper 1 0 < 1 1 1 6
Iron 1 1 239 1 1 865
Lead 1 0 < 1 1 1 6
Manganese 1 1 65 1 1 195
Mercury 1 0 < 0.2 1 0 < 0.2
Nickel 1 0 < 1 1 1 1
Silver 1 0  < 0.5 1 0 < 0.5
Zinc 1 1 5 1 1 22

MTBE (µg/L) 1 0 < 1.0

TPH via CA Method (mg/L)
Gasoline 1 0 < 0.24
Diesel 1 0 < 0.10

Current-Use Pesticides via Gas Chromatography / Mass Spectrometry (µg/L)

Diazinon 1 1 0.35

PAH's via EPA Method 610 (µg/L)

all bdl 1 0 <5.0
Base/Neutral & Acid Organics via EPA Method 625 (µg/L)
all bdl 2 0 1 0

Volatile Organics via EPA Method 624 (µg/L) and Method EPA 6230D*
1,1-Dichloroethene 3 3 9.45 8.76 9.35 9.19 1 0

1,1,1-Trichloroethane 3 3 3.42 1.81 2.35 2.53

Trichloroethene 3 3 4.23 3.93 3.96 4.04

* VOCs were detected using EPA Method 602 and quantified using EPA Method 6230D
for first sample analysis.

<5.0 - 10.0

<1.0 - 2.0

<5.0 - 10.0

PARAMETER
BASEFLOW STORMFLOW
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TABLE B.21  Water Quality Summary for Sherwin Branch at West Friendly Ave. (HPHP14)

TABLE B.22  Water Quality Summary for Sherwin Branch at North Chimney Rock Rd.
(HPHP15)

N #DET MAX MIN MED MEAN

Field Parameters
Air Temperature (oC) 1 N/A 23
Water Temperature (oC) 1 N/A 16.1
Specific Cond (µS/cm) 1 N/A 184
DO (mg/L) 1 N/A 9.0
DO (% saturation) 1 N/A 91.0
pH (Standard Units) 1 N/A 7.0

Volatile Organics via EPA Method 624 (µg/L)

1,1-Dichloroethene 1 1 9.45
1,1,1-Trichloroethane 1 1 3.42
Trichloroethene 1 1 3.96

PARAMETER
BASEFLOW

N #DET MAX MIN MED MEAN

Field Parameters
Air Temperature (oC) 1 N/A 23
Water Temperature (oC) 1 N/A 15.6
Specific Cond (µS/cm) 1 N/A 211
DO (mg/L) 1 N/A 7.6
DO (% saturation) 1 N/A 76.0
pH (Standard Units) 1 N/A 7.0

Volatile Organics via EPA Method 624 (µg/L)

all bdl 1 0

PARAMETER
BASEFLOW

<1.0 - 2.0
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Section 3    Pesticides and Organic Analyses:  Analyte Lists

Lists of analytes for pesticide and organic analyses used in this study are presented in Tables
B.23 through B.36.

Table B.23.  Current Use Pesticides Analyzed by Broad Scan GC/MS Method
ACEPHATE CYCLURON FLUOMETURON PHORATE

ACETOCHlOR CYPROFURAM FLUORODIFEN PHOSALONE

ALACHLOR D (2,4) METHYlESTER FLURECOL-BUTYL PHOSMET

ALDRIN DDD-O,P’ FLURIDONE PHOSPHAMIDON

ALLETHRIN DDD-P,P’ FLUROCHLORIDONE PHOXIM

AMETRYN DDE-O,P’ FOLPET PINDONE

AMIDITHION DDE-P,P’ FONOFOS PIPERONYL BUTOXIDE

AMINOCARB DDT-O,P’ FORMOTHION PIRIMICARB

AMITRAZ DDT-P,P’ HCH-ALPHA PIRIMIPHOS-ETHYL

ANILAZINE DEMEPHION HCH-BETA PIRrMIPHOS-METHYL

ANTHRAQUINONE DEMETON HCH-DELTA PROCHLORAZ

ARAMITE DEMETON-S-METHYL HEPTACHLOR PROCYMIDONE

ATRAZINE DESMETRYN HEPTACHLOREPOXID-CIS PROFENOFOS

ATRAZINE DESETHYL DIALIFOS HEPTACHLOREPOXID-TRANS PROFLURALIN

ATRAZINE DESISOPROPYL DI-ALLATE HEPTENOPHOS PROMECARB

AZ0BENZENE DIAZINON HEXABROMOBENZENE PROMETON

AZAMETHIPHOS DICHLOBENIL HEXACHLOROBENZENE PROMETRYN

AZINPHOS-ETHYL DICHLOFENTHION HEXACHLOROPHENE PROPACHLOR

AZINPHOS-METHYL DICHLOFLUANID IMAZILIL PROPANIL

AZIPROTRYNE DICHLONE IODOFENPHOS PROPARGITE

BARBAN DICHLORO(4,4’)DIBENZOPHENONE IOXYNIL PROPAZINE

BENALAXYL DICHLOROANILINE (2,3-) IPRODIONE PROPETAMPHOS

BENDIOCARB DICHLOROANILINE (2,5-) ISAZOPHOS PROPHAM

BENFLURALIN DICHLOROBENZENE (1,2-) ISOCARBAMID PROPICONAZOLE

BENODANIL DICHLOROPHENOL (2,4-) ISOFENPHOS PROPOXUR

BENTAZONE DICHLORPROP METHYLESTER ISOMETHIOZIN PROPYZAMIDE

BENZOYLPROP-ETHYL DICHLORVOS ISOPROPALIN PROTHIOPHOS

BIFENOX DICLOBUTRAZOL LANDRIN (3,4,5-) PROTHOATE

BIPHENYL DICLOFOP-METHYl LENACIL PYRAZOPHOS

BITERTANOL DICLORAN LINDANE PYRIDATE

BROMACIL DICOFOL MALAOXON PYROQUILON

BROMOCYLCLEN DICROTOPHOS MALATHION QUINALPHOS

BROMOPHOS DIELDRIN MCPA QUINOMETHIONATE

BROMOPHOS-ETHYL DIMEFOX MCPA METHYLESTER QUINTOZENE

BROMOPROPYLATE DIMETHACHLOR MECARBAM SECBUMETON

BUPIRIMATE DIMETHAMETRYN MECOPROP SIMAZINE

BUTACHLOR DIMETHIPIN MECOPROP METHYLESTER SIMETRYN

BUTRALIN DIMETHOATE METAMITRON SULFOTEPP

BUTURON DINOBUTON METAZACHLOR SULPROFOS

BUTYLATE DINOSEB METHACRIPHOS SWEP
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Table B.23 Continued.  Current Use Pesticides Analyzed by Broad Scan GC/MS Method

CAPTAFOL DINOSEB ACETATE METHAMIDOPHOS T (2,4,5..) METHYLESTER

CAPTAN DINOTERB METHAZOLE TEBUTAM

CARBARYL DIOXATHION METHIDATHION TECNAZENE

CARBETAMIDE DIPHENAMID METHOPROTRYNE TEPP

CARBOFURAN DIPROPETRYN METHOXYCHLOR TERBAZIL

CARBOPHENOTHION DISULFOTON METOBROMURON TERBUMETON

CARBOXIN DITALIMPHOS METOLACHLOR TERBUTHYLAZINE

CHLORANIFORMETHAN DNOC METRIBUZIN TERBUTRYN

CHLORBENSIDE DODEMORPH MEVINPHOS TETRACHLORVINPHOS

CHLORBROMURON ENDOSULFAN SULFATE MIREX TETRADIFON

CHLORBUFAM ENDOSUlFAN-ALPHA MOLINATE TETRAMETHRIN

CHLORDANE ENDOSULFAN-BETA MONALIDE TETRASUL

CHLORDIMEFORM ENDRIN MONOCROTOPHOS THIABENDAZOLE

CHLORFENPROP-METHYL EPN MONOLINURON THIOBENCARB

CHLORFENSON ETACONAZOLE NALED THIOMETON

CHLORFENVENPHOS ETHALFLURALIN NAPROPAMIDE THIONAZIN

CHlORFLURECOL-METHYL ETHIOFENCARB NITRALIN THIOQUINOX

CHLORIDAZON ETHIOLATE NITRAPYRIN TIOCARBAZIL

CHLORMEPHOS ETHION NITROFEN TOLCLOFOS-METHYL

CHLOROBENZILATE ETHOFUMESATE NITROTHAL-ISOPROPYL TOLYLFLUANID

CHLORONEB ETHOPROPHOS NORFLURAZON DESMETHYL TRI-ALLATE

CHLOROPROPYLATE ETRIDIAZOLE NUARlMOL TRIADIMEFON

CHLOROTHALONIL ETRIMFOS OMETHOATE TRIADIMENOL

CHLORPROPHAM FENAMIPHOS OXADIAZON TRIAMIPHOS

CHLORPYRIFOS FENARIMOL OXADIXYL TRIAZOPHOS

CHLORPYRIFOS-METHYL FENAZAFLOR OXYCARBOXIN TRICHLORFON

CHLORTHAL-DIMETHYL FENCHLORPHOS OXYDEMETON-METHYL
TRICHlOROACETOPHENON
(1,2,4-)

CHLORTHIAMID FENITROTHION PARAOXON TRICHLOROBENZENE (1,2,4-)

CHLORTHION FENPROPlMORPH PARATHION TRICHLORONAT

CHlORTHIOPHOS FENSON PARATHION-METHYL TRICHLOROPHENOL (2,3,5-)

CHLOZOLINATE FENSULFOTHION PEBULATE TRICHLOROPHENOL (2,3,6-)

COUMAPHOS FENTHION PENCONAZOLE TRICHLOROPHENOL (2,4,5-)

CROTOXYPHOS FENVALERATE PENDIMETHALIN TRIDIPHANE

CRUFOMATE FLAMPROP-ISOPROPYL PENTACHLOROBENZENE TRIETAZINE

CYANAZINE FLUAZIFOP-P-BUTYL PENTANOCHLOR TRIFLURALIN

CYANOFENPHOS FLUBENZIMINE PERTHANE VAMIDOTHION

CYANOPHOS FLUCHLORALIN PHENKAPTON VERNOLATE

CYCLOATE FLUMETRALIN PHENTHOATE VINCLOZOLIN

Note: Detection limit for Broad Scan GC/MS compounds is  0.10 ug/L
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Table B.24.  Current Use Pesticides Analyzed by Quantitative GC/MS Method
2,6-DIETHYLANALINE DACTHAL FLUMETRALIN PERMETHRIN

ALACHLOR DEETHYLATRAZINE FONOFOS PROMETON

ATRAZINE DEISOPROPYLATRAZINE MALATHION PROMETRYN

BENFLURALIN DIAZINON METHYL PARATHION SIMAZINE

BUTYLATE DIMETHOATE METOLACHLOR TEBUTHIURON

CARBARYL DISULFOTON METRIBUZIN TERBUFOS

CARBOFURAN EPTC MOLINATE TRIFLURALIN

CHLOROTHALONIL ETHALFLURALIN NAPROPAMIDE

CHLORPYRIFOS ETHOPROP PEBULATE

CYANAZINE FENAMIPHOS PENDIMETHALIN

Note: Detection limit for quantitative GC/MS compounds is 0.005 µg/L

Table B.25. Phenols and their Quantitation Limits (EPA Method 604) (µg/L)
4-Chloro-3-methylphenol 5.0 2-Nitrophenol 5.0
2-Chlorophenol 5.0 4-Nitrophenol 5.0
2,4-Dichlorophenol 5.0 Pentachlorophenol 5.0
2,4-Dimethylphenol 5.0 Phenol 5.0
2,4-Dinitrophenol 5.0 2,4,6-Trichlorophenol 5.0
2-Methyl-4,6-dinitrophenol 5.0   

Table B.26.  Chlorinated Pesticides and their Quantitation Limits Analyzed by Electron Capture
Detection (EPA Method 608) (µg/L)
ALACHLOR < 0.08 DDD, PP < 0.01 METHOXYCHLOR, PP < 0.05

ALDRIN < 0.01 DDE, OP < 0.02 MIREX < 0.02

ATRAZINE < 1.50 DDE, PP < 0.01 TRANS-NONACHLOR < 0.01

BHC-ALPHA < 0.01 DDT, OP < 0.02 OXYCHLORDANE < 0.03

BHC-BETA < 0.01 DDT, PP < 0.01 MIXED-PERMETHRIN < 0.60

BHC-DELTA < 0.01 DIELDRIN < 0.01 PROPACHLOR < 0.15

BHC-GAMMA(LINDANE) < 0.01 ENDOSULFAN I < 0.01 TECNAZENE < 0.01

CHLORDANE, TECHNICAL < 0.30 ENDOSULFAN II < 0.01 TOXAPHENE < 1.50

CHLORDANE-ALPHA < 0.01 ENDOSULFAN SULFATE < 0.01 TRIFLURALIN < 0.02

CHLORDANE-GAMMA < 0.02 ENDRIN < 0.01 AROCLOR 1016 < 0.50

CHLORDENE < 0.01 ENDRIN ANDEHYDE < 0.01 AROCLOR 1221 < 0.50

CHLORNEB < 0.10 ENDRIN KETONE < 0.02 AROCLOR 1232 < 0.50

CHLOROBENZILATE < 0.30 ETHAZOLE < 0.03 AROCLOR 1242 < 0.50

CHLORPYRIFOS < 0.03 HEPTACHLOR < 0.01 AROCLOR 1248 < 0.50

CHLOROTHALONIL < 0.01 HEPTACHLOR EPOXIDE < 0.01 AROCLOR 1254 < 0.50

DCPA < 0.01 HEXACHLOROBENZENE < 0.01 AROCLOR 1260 < 0.50

DDD, OP < 0.03 MALATHION < 0.10 AROCLOR 1262 < 0.50
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Table B.27.  Acid Herbicides and their Quantitation Limits Analyzed by Electron Capture
Detection (EPA Method 615) (µg/L)
ACIFLUORFEN (BLAZER) < 0.10 DICHLORPROP < 0.60

BENTAZON < 0.80 DINOSEB < 0.20

CHLORAMBEN < 0.20 5-HYDROXYDICAMBA < 0.10

2,4-D < 0.40 4-NITROPHENOL < 3.20

2,4-DB < 0.80 PENTACHLOROPHENOL (PCP) < 0.05

DCPA (ACID METABOLITES) < 0.10 PICLORAM < 0.20

DICAMBA < 0.10 2,4,5- T < 0.10

3,5 DICHLOROBENZOIC ACID < 0.60 2,4,5-TP (SILVEX) < 0.10

Table B.27.  Organophosphate Pesticides and their Quantitation Limits Analyzed by Flame
Photometric Detection (EPA Method 614/622) (µg/L)
CARBOPHENOTHION < 0.8 FENTHION < 0.4

CHLORPYRIFOS < 0.4 FENSULFOTHION < 4.8

DEF (OXIDIZED MERPHOS) < 0.4 FOLEX (MERPHOS, TRIBUFOS) < 20.0

DEMETON < 0.8 MEVINPHOS < 0.4

DIAZINON < 0.4 MONOCROTOPHOS < 0.8

DICHLORVOS < 0.4 NALED < 0.8

DIMETHOATE < 0.4 ETHYL PARATHION < 0.4

DISULFOTON < 0.8 METHYL PARATHION < 0.4

DISULFOTON SULFONE < 1.0 PHORATE < 0.4

DISULFOTON SULFOXIDE NE* RONNEL < 0.4

EPN < 0.4 SULFOTEPP < 0.4

ETHION < 0.4 TERBUFOS < 0.4

ETHOPROP < 0.4

*no established target quantitation limit

Table B.29.  Nitrogen Pesticides and their Quantitation Limits (EPA Method 619/630) (µg/L)
ALACHLOR < 5.0 DIPHENAMID < 5.0 PROMETON < 1.5

AMETRYN < 1.5 EPTC (EPTAM) < 1.5 PROMETRYN < 1.5

ATRAZINE < 1.5 FENAMIPHOS < 5.0 PRONAMIDE < 5.0

BROMACIL < 10 HEXAZINONE < 5.0 PROPAZINE < 1.5

BUTACHLOR < 10 METOLACHLOR < 5.0 SIMAZINE < 1.5

BUTYLATE < 1.5 METRIBUZIN < 5.0 SIMETRYN < 1.5

CARBOXIN < 10 MGK 264 < 20.0 TEBUTHIURON < 5.0

CHLORPROPHAM < 5.0 MOLINATE < 1.5 TERBACIL < 20.0

CHLORPYRIFOS < 0.5 NAPROPAMIDE < 10.0 TERBUFOS < 0.5

CYANAZINE < 2.5 NORFLURAZON < 5.0 TERBUTRYN < 1.5

CYCLOATE < 1.5 PEBULATE < 1.5 VERNOLATE < 1.5

DIAZINON < 0.5
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Table B.30.  Polycyclic Aromatic Hydrocarbons and their Quantitation Limits (EPA Method
610) (µg/L)
ACENAPHTHENE

<5.0
CHRYSENE

<5.0
ACENAPHTHYLENE <5.0 DIBENZO(A,H)ANTHRACENE <5.0
ANTHRACENE <5.0 FLUORANTHENE <5.0
BENZO(A)ANTHRACENE <5.0 FLUORENE <5.0
BENZO(A)PYRENE <5.0 INDENO(1,2,3-C,D)PYRENE <5.0
BENZO(B)FLUORANTHENE <5.0 NAPHTHALENE <5.0
BENZO(K)FLUORANTHENE <5.0 PHENANTHRENE <5.0
BENZO(G,H,I,)PERYLENE <5.0 PYRENE <5.0

Table B.31.  Volatile Organics (Purgeables) and their Quantitation Limits (EPA Method 624)
(µg/L)
BENZENE <1.0 1,2-DICHLOROBENZENE <1.0 METHYLENE CHLORIDE <1.0

BROMODICHLOROMETHANE <1.0 1,3-DICHLOROBENZENE <1.0 1,1,2,2-TETRACHLOROETHANE <1.0

BROMOFORM <1.0 1,4-DICHLOROBENZENE <1.0 TETRACHLOROETHENE <1.0

BROMOMETHANE <1.0 1,1-DICHLOROETHANE <1.0 TOLUENE <1.0

CARBON TETRACHLORIDE <1.0 1,2-DICHLROROETHANE <1.0 1,1,1-TRICHLOROETHENE <1.0

CHLOROBENZENE <1.0 1,1-DICHLORORETHENE <1.0 1,1,2-TRICHLOROETHENE <1.0

CHLOROETHANE <1.0 TRANS-1,2-DICHLOROETHENE <1.0 TRICHLOROETHANE <1.0

2-CHLOROETHYLVINYL ETHER <1.0 1,2-DICHLOROPROPANE <1.0 TRICHLOROFLUOROMETHANE <1.0

CHLOROFORM <1.0 CIS-1,3-DICHLOROPROPENE <1.0 VINYL CHLORIDE <1.0

CHLOROMETHANE <1.0 TRANS-1,3-DICHLOROPROPENE <1.0

DIBROMOCHLOROMETHANE <1.0 ETHYL BENZENE <1.0

Table B.32.  Base/Neutral and Acid Organics and their Quantitation Limits (EPA Method 625)
(µg/L)
ACENAPHTHLENE <5.0 CHRYSENE <5.0 HEXACHLOROBENZENE <5.0
ACENAPHTHYLENE <5.0 DI-N-BUTYLPHTHALATE <5.0 HEXACHLOROBUTADIENE <5.0
ANTHRACENE <5.0 DI-N-OCTYLPHTHALATE <5.0 HEXACHLOROCYCLOPENTADIENE <5.0
BENZO(A)ANTHRACENE <5.0 DIBENZO(A,H)ANTHRACENE <5.0 HEXACHLOROETHANE <5.0
BENZO(A)PYRENE <5.0 1,2-DICHLOROBENZENE <5.0 INDENO(1,2,3-C,D)PYRENE <5.0
BENZO(B)FLUORANTHENE <5.0 1,3-DICHLOROBENZENE <5.0 ISOPHORONE <5.0
BENZO(G,H,I,)PERYLENE <5.0 1,4-DICHLOROBENZENE <5.0 N-NITROSODI-N-PROPYLAMINE <10.0
BENZO(K)FLUORANTHENE <5.0 3,3’-DICHLOROBENZIDINE <10.0 N-NITROSODIPHENYLAMINE <10.0
BIS(2-CHLOROETHOXY)METHANE <10.0 2,4-DICHLOROPHENOL <10.0 NAPHTHALENE <5.0
BIS(2-CHLOROETHYL)ETHER <10.0 DIETHYLPHTHALATE <5.0 NITROBENZENE <10.0
BIS(2-CHLOROISOPROPYL)ETHER <10.0 2,4-DIMETHYLPHENOL <5.0 2-NITROPHENOL <10.0
BIS(2-ETHYLHEXYL)PHTHALATE <5.0 DIMETHYLPHTHALATE <5.0 4-NITROPHENOL <10.0
4-BROMOPHENYL PHENYL ETHER <5.0 4,6-DINITRO-2-METHYLPHENOL <10.0 PENTACHLOROPHENOL <10.0
BUTYLBENZYLPHTHALATE <5.0 2,4-DINITROPHENOL <10.0 PHENANTHRENE <10.0

4-CHLOROANILIME <5.0 2,4-DINITROTOLUENE <5.0 PHENOL <10.0
4-CHLORO-3-METHYLPHENOL <10.0 2,6-DINITROTOLUENE <5.0 PYRENE <5.0

2-CHLORONAPHTHALENE <5.0 FLUORANTHENE <5.0 1,2,4-TRICHLOROBENZENE <5.0
2-CHLOROPHENOL <10.0 FLUORENE <5.0 2,4,6-TRICHLOROPHENOL <10.0
4-CHLOROPHENYL PHENYL ETHER <5.0
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Table B.33.  Analytes with Detection Limits above Acute and/or Chronic Screening
Benchmarks*

Analytical Method
Detection

Limit
Acute

Benchmark
Chronic

BenchmarkChemical

 (µg/L) (µg/L) (µg/L)

BHC, gamma- (Lindane) GC/MS Broad Scan 0.1 0.95 0.08
Chlordane GC/MS Broad Scan 0.1 2.4 0.0043
Chlordane EPA 608 0.01 2.4 0.0043
Chloropyrifos GC/MS Broad Scan 0.1 0.083 0.041
Demeton GC/MS Broad Scan 0.1  0.1
Diazinon GC/MS Broad Scan 0.1 0.17 0.043
Dieldrin GC/MS Broad Scan 0.1 0.24 0.056
Endrin GC/MS Broad Scan 0.1 0.086 0.036
Heptachlor GC/MS Broad Scan 0.1 0.52 0.0038
Heptachlor EPA 608 0.01 0.52 0.0038
Malathion GC/MS Broad Scan 0.1  0.1
Methoxychlor GC/MS Broad Scan 0.1  0.03
Parathion GC/MS Broad Scan 0.1 0.065 0.013
4,4’-DDT GC/MS Broad Scan 0.1 1.1 0.001
Toxaphene EPA 608 1.5 0.73 0.0002
Anthracene EPA 610/625 5 13 0.73
Benzo(a)anthracene EPA 610/625 5 0.49 0.027
Benzo(a)pyrene EPA 610/625 5 0.24 0.014
4-Bromophenyl Phenyl Ether EPA 625 5  1.5
2,4-Dinitrophenol EPA 625 10 62 6.2
Hexachlorobutadiene EPA 625 5 9 0.93
Hexachlorocyclopentadiene EPA 625 5 0.7 0.07
2,4,6-Trichlorophenol EPA 625 10 32 3.2
PCBs EPA 608 0.5  0.014
*The sources of actue and chronic benchmarks are EPA NAWQC (primary source) and
     EPA Tier II (secondary source).  If neither of these sources had benchmarks, then EPA
     Region 4 benchmarks were used.

Table B.34.  SPMD PCBs Analyzed by Modified EPA Method 8082*
PCB 8 PCB 105
PCB 18 PCB 138
PCB 28 PCB 126
PCB 52 PCB 187
PCB 44 PCB 128
PCB 66 PCB 180
PCB 101 PCB 170
PCB 77 PCB 195
PCB 118 PCB 206
PCB 153 PCB 209
*Note: Detection limit=0.025 ng/L
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Table B.35.  SPMD Chlorinated Pesticides analyzed by Modified EPA Method 8081A*
alpha BHC beta endosulfan
beta BHC endosulfan sulfate
gamma-BHC (lindane) endrin
delta BHC endrin aldehyde
Hexachlorobenzene endrin ketone
Heptachlor methoxychlor
heptachlor epoxide mirex
alpha chlordane 4,4’-DDT
gamma chlordane 4,4’-DDD
trans-nonachlor 4,4’-DDE
Aldrin 2,4’-DDT
Dieldrin 2,4’-DDD
alpha endosulfan 2,4’-DDE
*Note: Detection limit=0.025 ng/L

Table B.36. SPMD PAHs Analyzed by Modified EPA Method 8270C*
Napthalene 1-Methylphenanthrene
2-Methylnapthalene C1 - Phenanthrenes/Anthracenes
1-Methylnapthalene C2 - Phenanthrenes/Anthracenes
Biphenyl C3 - Phenanthrenes/Anthracenes
2,6-Dimethylnapthylene C4 - Phenanthrenes/Anthracenes
Acenapthylene Fluoranthrene
Acenapthene Pyrene
Dibenzofuran C1 - Fluoranthenes/Pyrenes
2,3,5-Trimethylnapthalene Retene
C1 – Napthalenes Benz[a]anthracene
C2 – Napthalenes Chrysene
C3 – Napthalenes C1 - Chrysenes
C4 – Napthalenes C2 - Chrysenes
Fluorene C3 - Chrysenes
1-Methylfluorene C4 - Chrysenes
C1 – Fluorenes Benzo[b]fluoranthene
C2 – Fluorenes Benzo[k]fluoranthene
C3 – Fluorenes Benzo[e]pyrene
Dibenzothiophene Benzo[a]pyrene
C1 – Dibenzothiophenes Perylene
C2 – Dibenzothiophene Indeno[1,2,3-c,d]perylene
C3 – Dibenzothiophene Dibenz[a,h]anthracene
Phenanthrene benzo[g,h,i]perylene
Anthracene Coronene
*Note: Detection limit=0.025 ng/L
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Appendix C
Land Use/Land Cover Data

The land use/land cover data set used in this study was developed for the City of Greensboro by
Dewberry & Davis, Inc and EarthData International of North Carolina (EarthData).  The
following description of the development of this data set was provided by Dewberry & Davis,
Inc.  The derivation of impervious surface estimates is also discussed.

In 2002 the City of Greensboro completed a city-wide land use/land cover (LULC) mapping
project.  The project included characterizing existing and future buildout conditions in a GIS data
layer format.  Separate coverages were created for each condition.  The City contracted with
Dewberry & Davis, Inc and EarthData to conduct the mapping.

To guide the project a GIS data dictionary was created1.  The data dictionary includes a LULC
classification scheme designed to support a variety of city functions, e.g. land use planning and
hydrologic modeling, within a single GIS layer.  Typically, a one acre minimum mapping unit
rule was applied to distinguish differing adjacent LULC.  For example, if a ¼ acre commercial
parcel was surrounded by a 10 acre single family residential area, then typically the commercial
parcel was mapped as residential.  However, in some cases where a one acre minimum mapping
unit was not sufficient to meet City needs finer resolution mapping was applied.  Mapping of
continuous tree cover  also followed the one acre minimum mapping rule.  So for example if a
1.3 acre corridor of forest extended along one side of a stream, then this tree cover might be
represented in the GIS layer as a long narrow wooded polygon.  However, discontinuous tree
cover scattered about a residential area for instance, was not represented if the tree cover was
less than one contiguous acre.

A variety of data sources were used to develop the LULC GIS layer including but not limited to:

•  2000 1:1200 scale B&W orthophotography
•  City and County Zoning coverage
•  City parcel coverage
•  Open waterbody coverage
•  Roads (Right-of-way) coverage
•  Buildings, driveway, parking lot, and patio coverages
•  City Parks coverage

To facilitate hydrologic modeling each LULC polygon in the existing conditions GIS layer was
assigned an attribute reflecting the percentage of impervious surfaces within the polygon.  To
make this calculation each LULC polygon was intersected with a GIS layer which represented
delineations of various impervious features e.g. roads, buildings, patios, driveways, parking lots,
storage tanks, etc.  The total area of these impervious features within the given LULC polygon

                                                          
1 City of Greensboro Land Use/Land Cover GIS Data Dictionary.  February 2001.  Prepared by Dewberry & Davis,
Inc.
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was divided by the total area of the polygon as an estimate of the percentage of impervious
surface.  Greensboro maintains these various GIS layers as part of its city-wide planimetric
mapping program.  The planimetric mapping was last updated in 2000.

Given that roughly one fourth of the Horsepen Creek watershed is outside the Greensboro city
limits, additional LULC mapping was conducted to cover the portion of the watershed not
included in the city-wide mapping project.  In order for the modeling and reporting in the City’s
stormwater master plan for Horsepen Creek to be consistent with the already completed South
Buffalo Creek Master Plan, the LULC classification scheme presented in Table C-1 was used.
This classification system is very similar to, and provided the basis for, the city-wide system.

For the LULC map presented in Section 2 of this report, LULC categories were combined as
shown in Table C.2

Table C.1   LULC Classification System Use For The Horsepen Creek Watershed Masterplan
LULC Code Description

CL
Commercial-low:  Includes all low-density commercial areas whether it be services
such as gas stations and restaurants, or retail such as convenience stores, strip malls,
or large shopping centers. (low-density defined by % impervious < 45 %).

CM

Commercial-medium:  Includes all moderate-density commercial areas whether it be
services such as gas stations and restaurants, or retail such as convenience stores,
strip malls, or large shopping centers. (moderate-density defined by % impervious
ranging from 45-65 %).

CH
Commercial-high:  Includes all high-density commercial areas whether it be services
such as gas stations and restaurants, or retail such as convenience stores, strip malls,
or large shopping centers. (high-density defined by % impervious > 65 %).

GC
Golf Course:  Includes any golf courses or driving ranges covered with grass. Will
include the clubhouse and some tree cover, however the majority of the polygon (>
75%) will consist of open grassy areas (fairways, rough, greens).

IL
Industrial-low:  Light Industrial areas such as warehousing and light manufacturing,
assembly, wholesaling, etc.

IH
Industrial-high:  Heavy Industrial areas whether it be tank farms, chemical plants,
junk yards, truck terminals, or other industries with large amounts of outside storage
of materials and/or equipment.

INSTL

Institutional-low:  Includes all low to moderate density institutional areas whether it
be churches, schools, colleges or universities, hospitals, or government facilities
such as courthouse, city hall, or police or fire stations. (low-density defined by %
impervious ranging from <=55 %).

INSTH

Institutional-high:  Includes all high density institutional areas whether it be
churches, schools, colleges or universities, hospitals, or government facilities such as
courthouse, city hall, or police or fire stations. (high-density defined by %
impervious > 55 %).

OPEN
Open:  Includes agricultural areas under cultivation, pasture, meadow, athletic fields,
vacant land.

POND Pond:  Open waterbodies.

RES14
Residential:  Includes all single-family detached homes or duplexes with an average
lot size of ¼ acres.

RES13
Residential:  Includes all single-family detached homes or duplexes with an average
lot size of  1/3 acre.

RES12
Residential:  Includes all single-family detached homes or duplexes with an average
lot size of  a ½ acre.
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Table C-1, Continued

LULC Code Description

RES1
Residential:  Includes all single-family detached homes or duplexes with an average
lot size of 1 acre.

RES2
Residential:  Includes all single-family detached homes or duplexes with an average
lot size of 2 acres.

ROAD
Road:  Includes all roadways and adjacent right-of-way on either side of the road.
Note, areas inside clover leafs (highway interchanges) with pervious area greater
than 1 acre will not be included.

THL
Multi-family Residential:  Includes all low-density multi-family residential uses
whether it be condos, apartments, and townhouses (low density defined by %
impervious < 35 %).

THM

Multi-family Residential:  Includes all moderate-density multi-family residential
uses whether it be condos, apartments, and townhouses (moderate-density defined by
% impervious ranging from 35-60%).

THH

Multi-family Residential:  Includes all high-density multi-family residential uses
whether it be condos, apartments, and townhouses (high-density defined by %
impervious > 60 %).

WOODS
Woods:  Includes all wooded areas, or areas where the predominate cover consists of
trees (> 75 %).

WG Woods & Grass:  Includes wooded areas with open grassy areas between the trees.

Table C.2  Grouping of LULC Classes Used in Figure 2.3
Grouped LULC Code Corresponding Original LULC Codes

Commercial CL, CM, CH
Industrial IL, IH

Institutional INSTL, INSTH
Open Open, GC
Water Pond

Residential RES14, RES13, RES12, RES1, RES2, THL, THM, THH
Forest Woods, WG
Road Road
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Appendix D
Channel and Riparian Conditions

Section 1   General Approach

During the course of this study, project staff walked approximately 5.5 miles (8.8 km) of
channel, including much of the Horsepen Creek mainstem above US 220, and several miles of
tributary channel.  Reconnaissance activities were conducted at numerous other mainstem and
tributary locations.  Some sections were surveyed on numerous occasions.

Project staff walked the identified sections of channel while carrying out the following tasks:
•  Observing overall channel stability, noting specific areas of sediment deposition, severe bank

erosion, evidence of channelization and similar attributes;
•  Observing overall riparian area condition and the nature of surrounding land use;
•  Identifying wastewater discharge pipes, stormwater outfalls, other piped inputs or

withdrawals, and tributary inflows;
•  Observing visual water quality conditions (odors, surface films, etc);
•  Noting specific areas where pollutants are or may be entering the stream (livestock access

areas, dump sites, land clearing adjacent to the stream, etc);
•  Identifying specific areas that may be candidates for channel restoration or BMPs;
•  Providing digital photo documentation of key features; and
•  Conducting formal habitat assessments at representative reaches, as appropriate.

Section 2   Existing Conditions

Horsepen Creek Mainstem

Horsepen Creek from Old Friendly Road to Radar Road.   The stream channel in this 0.9 mile
section averages two to three meters (six to ten feet) wide and 0.1 to 0.2 meters (three to six
inches) deep.  It is straight, with riprapped banks. The current location of the channel and its
straightness are evidence of channelization, and much of the stream is piped and culverted
upstream of this reach.  Some sinuosity has developed since channelization, and bank erosion is
negligible due to riprapping.  The substrate is a mixture of bedrock, boulder, rubble, gravel and
sand.  This reach has numerous riffles, atypical of Horsepen Creek (Exhibit 6.6).

Land use upstream of this reach includes part of the Piedmont Triad International Airport
(PTIA), large warehouse facilities, light industry, petroleum storage and handling, and
commercial areas.  Overall development density is high and imperviousness is estimated at 37%
for the mainstem and Sherwin Branch upstream of Radar Road (Table 2.1).  Stormwater ponds
treat runoff from some of these areas.  The stream bank is bordered by a thin line of native trees,
then a mowed sewer line right-of-way.
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Horsepen Creek from Radar Road to Ballinger Road.  This 0.9 mile section of channel is similar
in width and depth to the section described above.  Like the reach immediately upstream, it
exhibits evidence of past channelization.  Bank erosion is moderate to severe in many places, and
erosion potential just below Ballinger Road was rated as very high (Figure 6.1).  Substrate is
mostly sand, with scattered areas of bedrock ledges with associated boulder, rubble and gravel.

Most of this reach is bordered on both sides by Longview Golf Course, with mowed grass the
primary riparian vegetation.  Trees are widely scattered, and much of this reach is not shaded.
Land use beyond the golf course includes part of Piedmont Triad International Airport and a
large warehouse facility, but land cover is primarily open nonforested, forest and woods with
grass (Table 2.1 in main text).  Imperviousness is this subarea is estimated as 14%, with
cumulative imperviousness at Ballinger Road of 28% due to the extensive development further
upstream.

Horsepen Creek from Ballinger Road to Bledsoe Drive.   This 2.4 mile reach appears to be
unchannelized down to Fleming Road (0.2 miles upstream of Bledsoe Drive).  The stream
averages four to five meters (12 to 16 feet) wide and 0.2 to 0.3 meters (six to ten inches) deep.
In this reach, the banks are steep and typically 2.5 meters (eight feet) high, but with meanders
developing.  Bank erosion is moderate to severe, with undercut and fallen trees common.  The
bottom substrate is mostly sand, and riffles are absent.

Bottomland forest borders the stream banks for almost the entire reach except for bridge
crossings.  The dominant land cover types in the drainage area (Subarea 3, Table 2.1 of main
text) are residential and forest, with an imperviousness of 19%.

Horsepen Creek from Bledsoe Drive to US 220 (Battleground Avenue).  This 2.5 mile reach has
been channelized from 0.2 miles above Bledsoe Drive down to Horsepen Creek Road (1.0 miles
channelized).  From Horsepen Creek Road to US 220, channelization is not evident.  The stream
averages six to eight meters (20 to 25 feet) wide and about 0.3 meters (ten inches) deep.  For the
entire reach, the banks are steep and typically 2.5 meters (eight feet) high.  Bank erosion is
moderate to severe, with undercut and fallen trees common.  In the upper (channelized) part of
the reach, the stream course is straight, while meanders are common in the lower part of the
reach.  The bottom substrate is dominated by sand, with logs and other organic debris furnishing
additional habitat.

The stream is bordered by bottomland forest for most of this reach, and a designated greenway
utilizes the stream corridor at its downstream end.  The dominant land cover types in the
drainage area (Subarea 4, Table 2.1 of main text) are forest and residential, with an
imperviousness of 17%.  New commercial and institutional development is proceeding rapidly
within this drainage area, particularly along US 220, New Garden Road and Horsepen Creek
Road.
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Tributaries

Sherwin Branch .  The 0.6 mile section from Friendly Avenue downstream to the confluence
with the Horsepen Creek mainstem above Radar Road, resembles upper Horsepen Creek in many
ways.  Past channelization is evident, with straight channel and steep banks.  The stream
averages two to three meters (six to ten feet) wide and 0.1 to 0.2 meters (three to six inches)
deep.  Sand is the dominant substrate material, except in a few riffle areas.  A thin line of trees
borders the stream, with mostly mowed grassy areas beyond the trees.  Several large stormwater
ponds are located near the stream.

Land use upstream of this reach is entirely urban, with industries including petroleum storage
and transfer facilities.  Imperviousness for the 485 acre Sherwin Branch drainage area is 32%
(Figure 2.4).  This upstream drainage area includes industrial areas that could be a source of
numerous pollutants.

King George Branch.  The 2.5 mile section from Friendly Avenue to the confluence with the
mainstem below Ballinger Road includes the whole range of channel conditions observed along
the Horsepen Creek mainstem, as described above.  The uppermost part of this tributary stream
is culverted.  Downstream of this area are a number of riffles and areas of relatively good aquatic
habitat, followed by deeply incised and channelized stretches through residential areas, pastures
and a golf course before its confluence with the mainstem.

The drainage area is primarily residential, but includes some active and abandoned pastures
(Exhibit 2.3) and a minor amount of commercial activity but no industry.  Imperviousness for the
1370 acre King George Branch drainage area is 24% (Figure 2.4), slightly higher than the
average for the entire Horsepen Creek drainage.

Jessup Grove Branch..  This tributary drains one of the least developed areas in the Horsepen
Creek drainage.  The 0.6 mile section from Chance Road to the confluence with the mainstem
below Bledsoe Drive averages one to two meters (three to six feet) wide and 0.1 to 0.2 meters
(three to six inches) deep.  The bottom substrate is predominantly sand, with substantial organic
debris present also.  Near Chance Road, the channel is not deeply incised and exhibits a
meandering pattern characteristic of an unchannelized stream.  A short distance downstream of
Chance Road, the channel becomes straight and more deeply incised, and continues as such to its
confluence with the mainstem.  Bank erosion is moderate.  Trees line the stream banks of the
entire reach and provide both shading and stability.

The drainage area has low density residential development, but a large portion is forest and
abandoned pasture.  An extensive floodplain area exists along the lower part of this tributary,
which had standing water and wetland vegetation present.  About 4% of the Jessup Grove
Branch watershed is impervious..  Large areas of residential development are planned along this
branch, according to local residents.

Price Park Branch.  The 2.4 mile section from just above Hobbs Road to the confluence with the
mainstem above US 220 contains several unique features.  The upper 1800-foot section of this
reach was the site of a restoration project, completed in 2001 by the NC Wetlands Restoration
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Program.  The newly restored channel has numerous meanders, step-pools and terraces to
accommodate stormflows and lessen bank erosion.  Immediately downstream of the restored
section is a 21 acre on-stream stormwater control pond, the only such structure in the Horsepen
Creek drainage.  The stream is next culverted beneath three large roadways, emerging below
New Garden Road, and then flowing through a bottomland forest to its confluence with
Horsepen Creek.  Benthic sampling and a geomorphic evaluation by NCSU (see Section 6 of the
main text) were conducted in the reach downstream of New Garden Road, where channel
dimensions averaged four meters (13 feet) wide and 0.2 meters (six inches) deep.  Bottom
substrate is primarily sand, with gravel and organic substrates present also.

The drainage area for this branch contains mostly residential land, but with notable areas of
commercial and institutional uses.  The Guilford College campus occupies the extreme
headwaters area of this branch, while a large educational facility is currently under construction
near New Garden Road.  The total area is 2277 acres, of which 17% is impervious area (Figure
2.4).
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