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Executive Summary

Introduction

This report presents the results of the upper Cullasgja River water quality assessment, conducted
by the North Carolina Divison of Water Quaity (DWQ) with financing from the Clean Water
Management Trust Fund (CWMTF). The upper Cullasgja River and Mill Creek are consdered
impaired by the DWQ because they are unable to support acceptable communities of agquatic
organiams. The god of the assessment is to provide the foundation for future water qudity
restoration activities in the upper Cullasga River watershed by: 1) identifying the mogt likely
causes of biologica impairment; 2) identifying the magjor watershed activities and pollution
sources contributing to those causes; and 3) outlining a generd watershed Strategy that
recommends restoration activities and best management practices (BMPs) to address the
identified problems.

Study Area and Stream Description

The upper CullasgjaRiver and Mill Creek are tributaries of the Little Tennessee River located in
southeastern Macon County, in the community of Highlands (see Figure 2.1). The study area of
the CullasgaRiver isthe first 4.8 miles of theriver, from its source at Ravend Lake to Mirror
Lake; the entire 1.4-mile length of Mill Creek is consdered in thisstudy. The watershed drains
goproximately sx square miles, ending in Mirror Lake. The watershed is developed in golf
courses, residences, and an urban center. The upper Cullasga River and its tributaries are
impounded numerous times in three golf course communities. Mill Creek drains haf of the town
of Highlands. The study areais described in more detail in Section 2. The study was limited to
the stream sections described above and did not address water qudlity issuesin Mirror Lake or
L ake Sequoyah.

Benthic macroinvertebrate communities are impaired throughout the mainstem of the upper
Cullasga River and Mill Creek.

Approach

A wide range of datawas collected to eva uate potentia causes and sources of impairment. Data
collection activitiesincluded: benthic macroinvertebrate sampling; assessment of stream habitat,
morphology, and riparian zone condition; water quaity sampling to evauate stream chemistry

and toxicity; anadys's of stream bed sediment for chemistry and toxicity; and 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

Although excess sedimentation was historicaly listed as a problem parameter on the 303(d) lit,
it is not acurrent cause of impairment for either Mill Creek or the upper Cullasga River.
Sedimentation is a notable problem for some tributaries and many impoundmentsin the
watershed, however. The most probable causes and sources of impairment, based upon an
evauation of dl avallable data, are the following (see Section 7 for additiona discussion):
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Upper CullasgaRiver:

1) A number of dam-related issues are consdered cumulative causes of impairment, including
the prevention of downstream colonization of benthic macroinvertebrates and fish and
upstream migration of fish by dams on the mainstem and its tributaries, lower water levels,
increased temperature for localized areas below dams, and change in food type due to the
trapping of coarse particulate organic matter and input of phytoplankton from impoundments.

2) Thelack of organic microhabitat in the form of leafpacks, sticks, and large wood isa
cumulative cause of imparment.

3) Pedicides, high levels of cadmium, and low dissolved oxygen in locdized areas due to dams
are considered potentia causes or contributors, athough limited data from this study provide
insufficient evidence that they are problematic.

Mill Creek: Based on theinformation available, anumber of stressors likely act in concert to
impact the biological community. These stressors cumulatively cause impairment to the stream,
but information collected does not identify any single stressor as a primary cause of impairment.
Thefollowing stressors are believed to cumulatively cause impairment:

1) Scour of benthic macroinvertebrates and organic microhabitats from urban stormflows for
areas downstream of Highlands' town center.

2) Thelack of upstream colonization sources for the benthic community after sorms and other
impacts due to toxicants and in-stream impoundments in tributaries.

The lack of organic microhabitat (leafpacks, sticks) isaso acontributing stressor for Mill Creek
above the town center. Toxicants are a potentia cause or contributor for the Mill Creek
maingem.

Recommendations

The most important factors leading to impairment in the sudy area are systemic in nature.
Addressing these problems will require actions that are smilarly broad in scope. The following
actions are necessary to address current sources of imparment in the upper Cullasga River and
Mill Creek and to help prevent future degradation (see Section 8 for additional details). For the
upper CullasgaRiver, action oneis essentid to the restoration of aquatic communities, and
actions two and three are secondary but important watershed-wide solutions. For Mill Creek,
actions one through four are of primary importance a thistime. Because there are anumber of
unresolved issues for Mill Creek, further monitoring to identify specific toxicants and their
sources will be performed by project staff in 2002. Determination of specific activities taken for
action five (ormwater retrofits) should be identified as part of the development of arestoration
plan for the Mill Creek watershed, developed with the input of abroad set of stakeholders.
Action sx should aso be implemented as part of along-term strategy to restore and protect
dream integrity.

Upper CullasgaRiver:

1) A drategy to reduce theimpacts of damsin Wildcat Cliffs Country Club, the Cullasgia Club,
and Highlands Falls Country Club should be devel oped, including a plan for accessto
unimpounded colonization sources. If the problems associated with dams are not addressed,
then the recovery potential for the Cullasaja River islimited and other strategies listed
below will have limited impacts.
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2)

3)

4)

Golf course communities (resdentia areas and golf courses) should plant wooded buffers
along cleared streams, and large woody debris and rock clusters should be placed in the
stream channel where wooded buffers are not planted.

Pegticide and nutrient management programs at the golf courses should be evauated to
determine ways to further decrease the use of these materials and their potential to enter
lakes and streams. Homeowners and landscapers should a so be educated about the
responsible use of pesticides, fertilizers, and hydroseed mix.

Developers should be encouraged to adhere to best management practices that control
erosion in steep aress, quickly stabilizing bare areas and limiting development of steeper
areas. New road construction projects should use appropriate ssormwater controls to reduce
ve ocities and sediment impacts. Macon County and the Town of Highlands should continue
to examine the issue of congtruction on steep dopes and insure that policies provide adequate
protection to streams and lakes from erosion and sedimentation.

Mill Creek:

1

2)
3)
4)
5

6)

A watershed education program should be developed and implemented with the god of
targeting homeowners, business owners, and loca landscapersin order to reduce impacts on
locd dreams. At aminimum, the program should include ements to address the following
issues.
a) Importance of riparian vegetation. Landowners should be encouraged to plant native
woody riparian vegetation aong stream banks and protect current riparian vegetation.
b) Responsble use of pesticides, fertilizers, and hydroseed mix.
c) ldeasfor resdents and businesses to reduce their contribution to ssormwater
volumes—e.g., redirection of downspouts to pervious areas rather than to driveways
or gutters.
d) Theimpactsof in-stream dams.
The source of high levels of semi-volatile organic contaminants in the main sormwater
tributary to Mill Creek should be determined and remediated.
Pending results from the Town of Highlands study of groundwater contamination near the
town’ s maintenance facility, sources of contamination should be remediated, if appropriate.
Unauthorized discharges to the sormwater system of Mill Creek should be pinpointed and
eiminated.
Stormwater retrofits should be constructed to control the quantity and qudity of ssormwater
delivered to Mill Creek. Highlands town center should be given top priority for retrofits.
Devel opers should be encouraged to adhere to best management practices that control
eroson in steep aress, quickly sabilizing bare areas and limiting development of steeper
areas. New road construction projects should use appropriate ssormwater controls to reduce
veocities and sediment impacts. Macon County and the Town of Highlands should continue
to examine the issue of construction on steep dopes and insure that policies provide adequate
protection to streams and lakes from erosion and sedimentation.
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Section 1
| ntr oduction

This report presents the results of the upper Cullasga River water quality assessment, conducted
by the North Carolina Divison of Water Qudity (DWQ) with financing from the Clean Water
Management Trust Fund (CWMTF). The upper Cullasga River and its tributary, Mill Creek, are
conddered impaired by the DWQ because they are unable to support acceptable communities of
aquatic organisms. Prior to this study, the reasons for this condition were unknown, inhibiting

the development of water quality improvement effortsin this watershed.

Part of alarger effort to evauate impaired streams across North Caroling, this study was
intended to evaluate the causes of biologica impairment and to suggest appropriate actions to
improve stream conditions. The CWMTF, which allocates grants to support voluntary effortsto
address water qudity problems, is seeking DWQ' s recommendeations regarding the types of
activitiesit could fund in these watersheds to improve water quality. Both the DWQ and the
CWMTF are committed to encouraging locally based initiatives to protect streams and to restore
waters that are degraded.

1.1  Study Area Description

The upper Cullasga River (defined here as from its source to Mirror Lake) and Mill Creek are
amall tributaries of the Little Tennessee River located in southeastern Macon County, in the
community of Highlands (Figure 1.1). The upper Cullasga River watershed includes both the
upper Cullasgia River and Mill Creek drainages and drains gpproximately sx square miles,
ending in Mirror Lake. North Carolina s 2000 303(d) list designates the Cullasgja River as
impaired from its source to Mirror Lake (4.8 miles) and Mill Creek asimpaired for its entire
length, from its source to Mirror Lake (1.4 miles). Thiswatershed is on the Highlands Plateau, a
high (approximately 4,000 ft in elevation) area contained by ridges on three sdes. The
watershed is developed in golf courses, residences, and an urban center, and there is pressure to
build within remaining undeveloped ridges and valey areas. The upper Cullasgja River
watershed makes up a portion of hydrologic unit 06010202030010, which includes the upper haf
of the entire Cullasga River watershed.

1.2  Study Purpose

The upper Cullasgja River watershed assessment is part of the Watershed Assessment and
Restoration Project (WARP), astudy of eleven watersheds across the state being conducted
during the period from 2000 to 2002 with funding from the CWMTF. A list of watersheds
included in the project isshown in Table 1.1. The god of the project is to provide the foundation
for future water qudity restoration activities in the deven watersheds by:

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

Section 1 — Introduction 1



Figure 1.1. Upper Cullasaja River Watershed in Little Tennessee River Subbasin 01
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2. ldentifying the mgor watershed activities and sources of pollution contributing to those
causes (such as sormwater runoff from particular urban or rura areas or stream bank
erosion).

3. Outlining awatershed strategy that recommends restoration activities and best management
practices (BMPs) to address the identified problems and improve the biologica condition of
the impaired streams.

This investigation focuses primarily on aguatic life use support issues (biologicd imparment). It
was intended to be as comprehensive as possible in order to assess the mgjor water quality
concernsthat exist in the upper Cullasga River watershed. While the study was not designed to
address important issues such as bacterid contamination, water supply or flooding, we have
made an effort to discuss these concerns where existing information alows.,

Tablel.1 Study Aresas Included in the Watershed Assessment and Restoration Project
Water shed 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 CullasgjaRiver/ 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 imparment isa critica
building block, since addressing subsequent objectives depends on this step. Determining the
primary factors causing biologica impairment is a Sgnificant undertaking that must address a
variety of issues (see background note, “ Identifying Causes of Impairment”, for additiona
detalls). While screening level assessments can be used to attempt to identify potential causes of
impairment, we have taken a more detailed gpproach in order to maximize the opportunity to
reliably and defengibly identify causes and sources of impairment within the time and resource
framework of the project. This provides afirmer scientific foundation for the collection and
evauation of evidence, better enables us to prioritize problems for management, and offersa
more robust basis for the commitment of resources. EPA’s recently published guidance for
stressor identification envisons that causes of impairment be evauated in asrigorous a fashion
asis practicable (USEPA, 2000b).
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Background Note: I dentifying Causes of |mpair ment

Degradation and impairment are not synonynous. 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 awaterbody’ s designated uses (such as aquatic life
propagation or water supply), the Division of Water Quality formally designates that stream segment asimpaired. It
isthen included on the State’s 303(d) list, thelist of impaired watersin 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 astream is supporting aguatic life or isimpaired, 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 asriffles 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. Examplesinclude 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 usesin awaterbody.” (USEPA, 1997, pp 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 thusinvolves 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 conditionsto result in impairment. In some cases, asingle factor may have such a
substantial impact that it isthe 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 factorswith 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 assessmentsis widely recognized
(Fox, 1991; USEPA, 2000b). 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 (Y oder 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 increasein 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 organismsto ‘ bounce back’ from disturbances.

For further information on use support and stream impairment issues, see the web site of DWQ'’s Basinwide
Planning Program at http://h20.enr.state.nc.us/basinwide/index.html ; A Citizen’s Guide to Water Quality
Management in North Carolina (NCDWQ, 2000); EPA’sStressor |dentification Guidance Document (USEPA,
2000D).
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1.3.1 Sudy Approach

The genera conceptua approach used to determine causes of impairment in the upper Cullasga
River and Mill Creek was as follows (see USEPA, 2000b; Foran and Ferenc, 1999).

| dentify the most plausible potential (candidate) causes of impairment in the watershed,
based upon existing data and initia watershed reconnai ssance activities.

Collect a wide range of data bearing on the nature and impacts of those potential cauises.
Characterize the causes of impairment by evauating dl avalladle information usng a
strength of evidence approach. The strength of evidence gpproach, discussed in more detail
in Section 7, involves alogica evauation of multiple lines (types) of evidence to assess what
information supports or does not support the likelihood that each candidate stressor is
actualy a contributor to imparment.

Project god's extend beyond identifying causes of impairment, however, and include the
evauation of source activities and the development of recommendations to mitigete the problems
identified. In order to address al three objectives, activities conducted in the upper Cullasga
River watershed during this study were divided into three broad stages.

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

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

3. Thedevelopment of strategies to address the identified causes of impairment.

A schematic diagram of project activitiesis shown in Figure 1.2,

1.3.2 Approach to Management Recommendations

One of the gods of this assessment is to outline a course of action to address the key problems
identified during the investigation, providing loca stakeholders, the CWMTF and others with the
information needed to move forward with water quality improvement effortsin this watershed.

It is our intent that the recommendations included in this document provide guidance that is as
specific as possble given available information and the nature of the issues to be addressed.
Where problems are multifaceted and have occurred over along period of time, the Sate of
scientific understanding may not permit dl actions necessary to mitigate those impacts to be
identified in advance with any certainty. In such Stuations, an iterative process of adaptive
management is required (Reckhow, 1997; USEPA, 2001), in which those committed to water
quality improvement begin by implementing an initid round of management actions, monitor the
results of those activities over time, use the resulting information as the basis for planning
subsequent efforts, and then implement additional measures as needed. Under these
circumstances we will recommend an initial set of actions that should be undertaken and discuss
aframework for evauating and implementing additional measures.
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Protection of streams from the imposition of additional damage from future watershed
development or other planned activitiesis a critical congderation. 1n the absence of such
protection, efforts to restore water quality by mitigating existing impacts will often be ineffective
or have only atemporary impact. These issueswill be examined during the course of the study
and addressed in the management recommendations.

Management recommendations included in this document are not intended to be inditutionaly
prescriptive. That is, it isnot the intent of DWQ to specify particular adminigtrative or

inditutional mechanisms for implementing remedia practices, but only to describe the types of
actions that must be taken to place the upper Cullasgia River and Mill Creek on the road to
improvement. Itisour hope that loca governments and other stakeholdersin the upper Cullasgja
River watershed will work cooperatively with each other and with state agencies to implement
these measures.

The study will not develop TMDLSs (totd maximum daily loads) or to establish pollutant loading
targets. For many types of problems (e.g., most types of habitat degradation) we do not believe
that TMDLSs, which are based on pollutant loading ca culations and thresholds, are an
gopropriate 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. In any case, TMDL development is beyond the scope of this
investigation.

1.3.3 Data Acquisition

While project staff made use of exigting data sources during the course of the study, these were
not adequate to address the gods of the investigation. Extendve data collection was hecessary in
order 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--waking stream channds to identify potentia pollution inputs and obtain a
broad scale perspective on channd condition.

4. Chemicd sampling of stream water qudlity.

5. Andysisof bed sediment for toxicity and chemidry.

6. Watershed characterization--evauation of watershed hydrologic conditions, land use, land
management activities, and potentia pollution sources.

These activities are discussed further in subsequent sections of this report.
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Fgurel.2 Overview of Study Activities

BIOLOGICAL IMPAIRMENT IDENTIFIED

[ DATA Acomsmom]

Biological Assessment
Benthos

Habitat

Stream Survey
Riparian condition
Pollution inputs
Baseflow / Storm

Water / Sediment

Toxicity Analysis
Acute / Chronic

Watershed Characterization

Management
Source assessment

RECONNAISSANCE
AND EVALUATION

* Compile existing data

* Conduct additional
biological sampling

* Evaluate spatial extent
of impairment

* Carry out watershed
scoping

* Develop list of plausible
causes of impairment

J

Channel condition — O —

Chemical Sampling S —

Land use g

1

STRESSOR AND
SOURCE ASSESSMENT

Review Existing Evidence

\

Acquire Data for
Stressor Evaluation

\

Evaluate Causes

* Review lines of evidence
e Apply strength of evidence

approach

* Prioritize causes

\

Identify Sources

Y

@ANAGEMENT STRATEGY DEVELOPMENB
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Section 2
Description of the Upper Cullasaja River Water shed

2.1 | ntroduction

The Cullasgja River headwaters are in ardatively flat area on the western Sde of the Tennessee
Vadley Divide, which marks the divison between waters that drain to the Missssppi River and
those that drain to the Atlantic coast. They flow through three golf courses and are impounded
multipletimes. Past the golf courses, the river flows under US 64 and courses through a narrow,
forested valey to Mirror Lake. The headwaters of Mill Creek arein forested ridges. Mill Creek
flows through asmdl, flat vdley in aresdentia and commercid areaof Highlands. It then

flows under US 64 and drops down into atight, forested valey until it meets the Cullasga River
in Mirror Lake.

This section summarizes watershed hydrography and topography, describes current and
higtorica land use, and discusses potentia pollutant sources. Stream and riparian conditions will
be addressed in subsequent sections.

2.2 Streams

The Cullasgja River is a 25-mile mountain stream that begins on the Highlands Plateau, courses
through the Cullasga Gorge, and meanders through a broad agriculturd valey before it joins the
Little Tennessee River in Franklin. The upper Cullasga River watershed is defined asthe
eastern headwaters section, bounded by the Tennessee Vlley Divide on the east and Mirror
Lake onthewest (Figure 2.1). This gpproximately six-square mile areais bounded by ahigh
ridge to the south (aso marking the Tennessee Valey Divide) and a st of lower rolling ridgesto
the north.

The impaired section of the Cullasga River (above Mirror Lake) is 4.8 mileslong and classfied
as Water Supply-I11 Trout (WS-I11 Tr). Its heedwaters flow through the golf course community
of Wildcat Cliffs and meet in Ravend Lake, which isin another golf course community, the
CullasgiaClub. The river then flows through the Cullasgia Club and drops over Highlands Fals
into athird golf course community, the Highlands Fals Country Club. Asit flows through these
country clubs, it is dammed severa timesto create ponds, which are used to irrigate the country
club properties (e.g., in the summer, gpproximately 400,000 galons of water iswithdrawn from
impoundments in the Cullasgia Club each night). The two larger impoundments have passve
top-spill dams, over which thereislittle or no flow during dry periods according to resdents and
country club staff. Ammons Branch, classfied as WS-111 and atributary of the Cullasgja River,
beginsin asmdl patch of nationd forest and then flows through Highlands Falls Country Club,
where it isimpounded before it meets the Cullasga River. Sdtrock Branch (WS-1I1) aso flows
through Highlands Falls Country Club and isimpounded before it meets the Cullasgja River.
Onceit leaves the country clubs, the Cullasgja River flows through wooded residentid land until
it meets Mirror Lake.
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Figure 2.1. Upper Cullasaja River Watershed
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Mill Creek (WS-I11 Tr) is 1.4 milesin length and begins a the Highlands Biologicd Station,
where it is dammed to form Lake Ravend (not to be confused with Ravend Lake of the
CullasgaRiver). Satulah Branch, which isWS-111 and drains a greater areathan Mill Creek
above their confluence, joins Mill Creek in amarshy area above the business didtrict of
Highlands. Satulah Branch drains aresidential area and is dammed to form asmdl lake above
its confluence with Mill Creek. Below the confluence of Mill Creek and Satulah Branch, a
beaver dam impounds Mill Creek. Below this, the stream flows through a marshy areaand then
picks up gradient through aresdential and commercia section of Highlands. Mill Creek drains
the eastern hdf of the Town of Highlands. Below the town center, it drops down into a
residentia wooded gorge and emptiesinto Mirror Lake.

The watershed islocated within hydrologic area HA10, the mountain region. USGS regiond
low flow equationsfor this area (Giese and Mason, 1991) predict a 7Q10 flow of approximately
2.2 cubic feet per second (cfs) on the Cullasgja River at US 64 (approximately 3.9 mi® drainage
area) and 0.8 cfs on Mill Creek at Brookside Lane (approximately 1.5 mi? drainage ares)
(locations are the lowest benthic monitoring locations in this sudy). Typicd mean annud flows
in this part of the state are gpproximately 3.5 cfs/square mile.

The watershed has not been continually gauged; a gauge was present at the head of the Cullasga
River gorge downstream of the study area from 1933 to 1971, and a gauge was installed further
downinthegorgein 2001. Precipitation in Highlands averages 87 inches per year (using data
collected by the Highlands Biologicd Station from 1962 to 2001). Western North Carolina has
been in drought conditions snce mid-1998; in Highlands, 2000 and 2001 have been the driest
years for the entire 40-year dataset, with rainfall of both years only 69% of the annud average.
Stream channel and riparian area conditions are described in more detall later in this report.

2.3  Topography and Geology

The Highlands Plateau is ardatively flat area a high eevation (3600-5000 feet above mean sea
level (md)) and congsts of the Cullasgja watershed above the dam at Lake Sequoyah. The
headwaters of the Cullasga River begin a 4000-4200 feet md and those of Mill Creek begin at
4000-4500 feet md. The streamsjoin a Mirror Lake, which is at approximately 3700 feet md.
The impaired section of the Cullasga River drops 67 feet per mile, and Mill Creek drops 114 feet
per mile. Much of thisdevation lossisin short drops and waterfals; in many aress, the gradient
of these dreamsis atypicdly low for mountain streams. The low gradient sections of these
greams often flow through ratively wide valeys of thick organic soils, many wetland areas

aong these creeks have been drained and devel oped.

The Highlands Plateau is underlain by gneiss bedrock covered with schigt. Its soilsarein the
Edneyville- Plott- Chestnut- Cull asgja series, which are rock outcrop and loamy soils that formed
in materid weethered from high-grade metamorphic or igneous rocks or in colluvium (USDA,
1996). These soils are well-drained, sandy, and erodable; as a consequence, sand is a dominant
subgtrate in many streams on the plateau.
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24 Land Usein the Water shed

Note: Much of the following text has been gleaned from conversations with loca residents and
Shaffer (2001) and Zahner (1994).

2.4.1 Present Day

The upper Cullasga River watershed is largely developed. More than half of the watershed
above US 64 (the lowermost benthic monitoring Site on the Cullasga River) isin three golf

course communities. The golf courses themsdlves are in theriver valeys, and much of the
CullasgaRiver and its tributaries have been cleared of woody riparian vegetation. Many home
stes and roads are located on the steep ridges, which are largely wooded. Below US 64, thereis
continued residentia development. Mill Creek’ swatershed isin forested residentid usein the
steeper doped areas above and below the town center. In the valley area of Mill Creek in centrd
Highlands, there is dense housing and the town center, which in 2000 hosted 222 businesses.
Most houses in the upper Cullasga River watershed are served by city sewer or golf community

package plants.

Present day land use on the Highlands Plateau is primarily resdentid, with the mgority of
houses serving as vacation homes. It is difficult to obtain an estimate of the area s population
due to its seasond fluctuations; populaion of the larger Highlands community is estimated to be
3,000 in the winter and 30,000 in the summer (Shaffer, 2001). Large areas were cleared for its
golf courses, and development of land for house Sites continues at a fast pace.

The landcover Geographic Information Systems dataset developed via1993-95 LANDSAT
imagery by the NC Center For Geographic Information Analyss classifies 86 percent of the land
in the study area as forest, nine percent as managed herbaceous cover, and three percent as
developed. However, this classification underestimates the amount of developed land due to the
large amount of resdentia areas with tree cover that fal into the “forest” category. Currently,
approximately 35 percent of the watershed isin the city limits of Highlands, and most of thisis

in the Mill Creek watershed.

2.4.2 History

Ealy Highlands. Much of the Highlands Plateau was logged in the 1870s and then divided into
parcelsfor family farms. The Town of Highlands, which isthe only town on thissmal plateau,
was incorporated in 1879 as aresort town for wedthy travelers. In 1910, the headwaters of the
Cullasga River were dammed to form Ravend Lake as afishing and picnicking spot. In the
1920s, many roads were built and subsequent economic growth occurred. Once the Cullasga
River was dammed to create Lake Sequoyah in 1925, development of the surrounding land
began. Highlands Country Club was sited on the lake in 1928, becoming the firg golf course
community in the area and spurring widespread popularity for Highlands as a summer retregt.

Development of the upper Cullasgia River watershed. In the 1940s, land was cleared for the
Skylake community (now Highlands Fals Country Club). In the same time period, Champion
Lumber bought and clearcut 2-3000 acres of virgin forest (caled Ravend Forest) in the
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headwaters of the upper Cullasga River (part of which is now the Cullasga Club). In the 1960s,
Wildcat Cliffs Country Club was constructed above Lake Ravend. In 1978, the Skylake
community was sold, agolf course developed, and the area was reopened as Highlands Falls
Country Club. In 1987, Champion Lumber land was bought and devel oped into the Cullasgja
Club. Numerousimpoundments were built on tributaries and the Cullasgja River maingem
during the condruction of the golf courses. Large-scae logging for timber sde, development of
golf courses, and congruction of resdentia aress likely resulted in massive erosion of uplands
and subsequent sedimentation of area streams. In addition, construction of impoundments and
channdlization of streams aso destabiilized streams and impacted stream function.

Natural disturbance. Throughout the recorded history of Highlands, droughts, flooding, and
hurricanes have shaped the ared s landscape. Heavy rainfdl is characterigtic of the areg, a times
bringing with it drastic consequences such as dam breaches and bridge destruction. 1n 1995,
Hurricane Opd brought severe flooding and high winds that felled many trees. Drought has
periodicaly lowered water levelsin streams, as well asin drinking water wells and reservoirs,
causing much concern to arearesdents.

2.5 Sourcesof Pollution

2.5.1 Wastewater Discharges

There are three wastewater trestment plants (WWTPs) permitted by the Nationa Pollutant
Discharge Elimination System (NPDES) in the upper Cullasga River watershed. Wildcat Cliffs
Country Club (NPDES permit NC0051381), aresdentia golf community, is permitted to
discharge 0.05 millions of gallons per day MGD to an unnamed tributary (WS-111 Tr) of the
CullasgaRiver. At the point the tributary enters the Cullasga River, theriver isimpounded as
Ravend Lake. Thisfacility received Notices of Violation (NOVs) for operation and
maintenance issues observed during facility ingpections performed in November and December
2001, but according to the monthly discharge monitoring reports no effluent violations occurred
in 1999, 2000, or 2001. Wildcat Cliffs Country Club is currently building anew facility that
should provide better trestment and solve problematic maintenance issues.

Highlands Fals Community Association (permit NC0059552) is permitted to discharge 0.003
MGD to another unnamed tributary (WS-111 Tr) to the Cullasga River. Thisisasandfilter
system thet rarely discharges due to the low volume of flow and the high hydraulic potentia of
s0ils benegth the system.

Highlands Fals Country Club (permit NC0075612), aresdentia golf community, is permitted to
discharge 0.135 MGD to Satrock Branch (WS-I11). ThisWWTP uses ultraviolet light for
disnfection rather than chlorination. This facility received two NOV s for monthly average
ammonia nitrogen effluent violations in July and October 2000. The monthly limits for

ammonia nitrogen are 2.0 mg/L in the summer and 5.0 mg/L in the winter, and monthly average
effluent concentrations for July and October 2000 were 3.6 mg/L and 16.75 mg/L, respectively.
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2.5.2 Nonpoint Source Inputs

Recent development

As mentioned above, the soils on the Highlands Plateau are very sandy and erodable. Land
disturbance often results in erasion; build-up of coarse sand in streams below disturbed areas has
been observed frequently (Figure 2.2). Development for home sites and commercid venturesis
the main source of sedimentation in the watershed. Many homes are built on steep ridges, and
driveways and congtruction sites without proper erosion control on these dopes are significant
sources of sediment. When construction is Sited on a creek, creek banks are sometimes cleared
of vegetation, exposing bare soil and causing future bank ingability.

Figure2.2 Build-up of coarse sand in East Fork Salt Rock Branch below recent construction.

Golf courses

Golf courses of the upper Cullasga River watershed are Sited in stream valeys, with fairways
built adjacent to stream barnks. Woody riparian vegetation has been removed, and banks of these
streams are often unstable and a source of sediment; riprap has been used to stabilize collapsing
banks. Some areas of the Cullasgja River and itstributaries in the golf courses have been
channdlized (straightened and/or dredged) or piped, compounding system ingtability.

Golf courses are intensive users of nutrients, insecticides, herbicides, and fungicides, and runoff

of these pollutants can reach streams. Ponds in the golf courses are often controlled for aquatic
plants and aga bloomswith herbicides and dgacides. However, the golf coursesin the
watershed use a number of methods to lessen the impacts of pesticides and nutrients on surface
waters. Each course maintains a pesticide-free buffer of at least 15 feet around waterways and
efforts are made to reduce the amounts of pesticides and fertilizers used. Efforts are underway to
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become certified under the Audubon Internationa Cooperative Sanctuary Program, which
promotes arange of practices to reduce impacts of golf courses on natural resources.

Highlands town center

Hdf of Highlands central business didtrict drainsto Mill Creek. Stormwater is directed to the
creek, carrying with it pollutants from parking lots, roads, roofs, and other impervious surfaces.
Metals, hydrocarbons, road salt, and fecal contaminants are common in urban stormwater

(Center for Watershed Protection, 2000). In addition to ssormwater, city storm sewers often have
unauthorized discharges, which areillegd under the Clean Water Act and include awide range

of sources, including connections of piped waste from a business or residence, leaky sawage

pipes, and misuse of storm drains.

Thereis one groundwater contamination incident (incident 15218, DWQ groundweter incident
management database) on record for the upper Cullasga River watershed. A significant spill of
fuel oil and other petroleum products occurred in March 1996 at the former Duncan Oil Bulk
Storage Fecility on US 64, gpproximately 100 m from Mill Creek at its closest point. Petroleum
was observed in storm ditches near the spill, and 384 tons of contaminated soils were taken from
thegte. Thisfile was closed and the contamination Site considered clean in February 1997.

Many of the older homes and businesses in Highlands use heeting oil during the winter months.
Heating ail istypicaly stored in sted tanks above or below ground and the potentia for legksis
ggnificant. It ispossble that there are unidentified current or hitorical leaks from these tanks,
impacting groundwater that flows to Mill Creek. There are five underground storage tank (UST)
incidents (or leaks) on record for the watershed.

A lesking hegting oil tank was pinpointed at Dun Fergots Store, located upgradient of Mill
Creek near Spring Street (incident 11455, DWQ UST incident management database). The
file was closed and the Site considered clean in December 1993.

When aUST at the Town of Highlands maintenance facility on Poplar Street was removed
in December 1993, contamination was discovered (incident 11894). According to the Town
of Highlands, the tank wasin an old dump that used to be sited at the subject property.
Groundwater monitoring wells, an adjacent storm drain inlet, and alocation on an adjacent
tributary to Mill Creek upstream of the site were monitored quarterly until the Ste was
ranked as low priority in July 1996. Dueto this ranking, the ste will not be monitored until
the state UST trust fund can support monitoring on low priority Sites. Monitoring data do
suggest that the site may il be a source of contamination. In October 95, benzene was
measured & 1.53 mg/L in the sorm drain inlet. In January 1996, vinyl chloride was
measured a 0.7 mg/L (the DWQ standard is 2.0 ng/L. for WS classfied streams) in the
tributary upstream of the Site, but the source of this contaminant remains unknown.

A leaky petroleum UST was found at the Farmers Market convenience store on the corner of
Hwy 106 and Main Street during the tank removal in July 1994 (incident 13062). The Site
was ranked alow priority in July 1996. Due to this ranking, the site will not be monitored
until the state UST trust fund can support monitoring on low priority Stes.

A spill of fud oil occurred in November 1993 at Suzettes Boutique on Main Street (incident
11610) when the vent pipe to the UST was knocked off and heavy rains inundated the tank,
displacing the fue oil on the ground. Approximatdly 24 tons of contaminated soil were
removed and the file was closed and the incident site considered clean in February 1994.
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Significant fud oil odors and stains were discovered around afud oil tank in the basement of
the Highland Inn on the corner of Main Street and US 64 in November 1988 (incident 4077).
The tank was abandoned in place by filling it with concrete and capping dl lines. Some
contaminated soils were removed, but structurd supports for the building did not alow for

al of the soilsto be removed. Thefile was closed in March 1989.

Other sources

Activities near streams by residentiad landowners are so a source of nonpoint source pollution.
The use of pesticides to control stream bank vegetation and in gardens can be problematic.
Homes are sited along the streams, and runoff from roofs, driveways, and lawvns are a source of
nutrients, feca contamination (from pets), and other pollutants. House congtruction near streams
can be a source of contaminants, as well; substances such as those used for foundation trestments
can end up in sormwater runoff, and equipment is sometimes cleaned in adjacent creeks.

2.6 Trendsin Land Useand Development

As mentioned previoudy, the Highlands area has experienced intense pressure for home and
resort development during the past twenty years. This pressure continues due to the popularity

of the areafor vacation and retirement homes. Much of the study watershed has been developed,
and most of the current development is occurring on steeper ridges. The flatter area of

downtown Highlands is built-out, but some older resdentia space isbeing converted to retall
USES.

2.7 Regulatory Issuesand Local Water Quality Activities

2.7.1 Applicable Local Regulations

The Town of Highlands adopted an erosion and sediment control ordinancein 1992 and a
watershed buffer plan and ordinance in 1994. The erosion and sediment control ordinance
applies to many land-disturbing activities regardless of Size, setsrulesto reduce Site erosion, has
gpeciad plan requirements for development on steep dopes, and stipul ates revegetation of
exposed dopes. Highlands is delegated to enforce erosion and sediment control regulations
usualy enforced by the NC Divison of Land Resources, and its program is more stringent than
that of the state. Buffer zones are required for any land-disturbing activity adjacent to
waterbodies, requiring control of sediment movement within the buffer. A buffer width of at
least 25 feet is required for disturbance near classified trout waters. The ordinances dso include
requirements for stormwater outlet protection, borrow and waste areas, access and haul roads,
operationsin lakes or natural watercourses, existing uncovered areas, and design and
performance standards for activities adjacent to high qudity waters.

The Town of Highlands has aso devel oped regulations that apply to its water supply watershed.
The upper Cullasga River watershed isin aWS-111 watershed with no critica area (the area
within one haf mile of the water intake in the Big Creek arm of Lake Sequoyah). Minimum lot
gzefor single family residences and cluster development is one half acre, and other residentia
development and non-residentia development cannot exceed a maximum of 24 percent built
upon area. A 30-foot vegetative buffer is required.
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As previoudy noted, only gpproximately 35 percent of the watershed isin the city limits of
Highlands. Highlands' residents have long complained of poor erosion and sedimentation

control practices on congtruction sites outside of Highlands. In 2001, Macon County adopted an
erosion and sediment control ordinance, which builds on the current state-wide Erosion and
Sediment Control Program administered by the NC Divison of Land Resources (DLR). Asof
April 2002, Macon County has been delegated to enforce erosion and sediment control
regulations usudly enforced by the NC DLR. Under Macon County’ s ordinance, severa
provisons are more gtrict than or in addition to those of NC DLR'’s program, including the
following: 1) an eroson and sediment control plan must be submitted if one half of an acre or
more is disturbed; 2) incentives are provided for contractors to attend a Clean Water Contractor
cass, 3) aplan must be approved for a project with adope greater than 1:1; and 4) maximum
road grades are set for paved and unpaved roads.

2.7.2 Watershed Initiatives

The Little Tennessee Watershed Association, Inc. (LTWA) is acitizenbased organization of
Macon County actively engaged in public education, public service, and in sudying, monitoring,
and improving the Little Tennessee River watershed from its headwaters to Lake Fontana.
LTWA monitored tota suspended sediment viamulti-stage samplersin the Cullasga River
watershed for one year; four sediment monitoring stations were on the Highlands Plateau. Fish
and benthic macroinvertebrate communities in the Cullasga River watershed are monitored for
LTWA and the Tennessee Vdley Authority. Fish datafor the upper Cullasga River watershed
are summarized in Section 4 of this report.

As part of asemester research project through the Highlands Biologica Station, a University of
North Carolinaa Chape Hill student studied aquatic macroinvertebrate communities of severd
areadreams. Two small creeksin the upper Cullasga River watershed, including atributary to
Ravend Lake that flows through Wildcat Cliffs Country Club and atributary that runs by the
Highlands' maintenance shed on Poplar Street, were sampled in November 2001.

The Upper Cullasgja Watershed Association, Inc. (UCWA) is acitizenbased organization
engaged in public education, public service, and in sudying, monitoring, and improving the
Cullasga River watershed upstream of Lake Sequoyah dam. At the request of Macon County,
the LTWA and UCWA formed the Macon County Watershed Council in 2000 for the purpose of
advisng the Board of Commissioners and the county’s municipa governments on watershed
protection and water resource management planning. The Council drafted the County’s erosion
and sedimentation control ordinance passed in 2001.
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Section 3
Potential Causes of Biological I mpair ment

Factors that were plausible causes of biological impairment in the upper Cullasga River
watershed were identified using both bioassessment and watershed-driven approaches. An
evauation of benthic community data and other biologica and habitat indicators can point
toward generd types of impacts that were likely impacting aquatic biota. These stressors were
flagged for further investigation. The nature of land uses and activities in the watershed were
aso consdered to identify likely stressors that should be evaluated. The specific stressors
identified in this fashion are discussed in this section.

3.1 Key StressorsEvaluated in the Upper Cullasaja River
Water shed

The following stressors were eva uated as the most plausible candidate causes of imparment in
the upper Cullasga River and Mill Creek.

3.1.1 Upper Cullasaja River

1. Damimpects. There are numerous impoundmentsin the upper Cullasga River watershed,
including the 24-acre Ravend Lake in the headwaters area and a 10-acre lake just 1/5 mile
upstream of the DWQ monitoring site. Dams can impact downstream aquiatic communities
inanumber of ways. 1) prevent downstream colonization of benthic and fish populations, 2)
lower water levels below dams; 3) cause changes in temperature and dissolved oxygen; and
4) change available food type.

2. Habitat degradation due to sedimentation. Habitat degradation due to sedimentation
manifessitsdf in theloss of pools, burid of riffles, and high levels of subgrate ingability.
Excess sedimentation was higtoricdly listed as a problem parameter for the Cullasga River
on the 303(d) list.

3. Habitat degradation due to lack of key microhabitat. Preliminary watershed investigations
pinpointed a potentia problem with absence of key microhabitats, such as woody debris and
leafpacks.

4. Pedicides. Pegticides used on residentia gardens and lawns, on golf courses, and in ponds
could impact benthic communities.

3.1.2 Mill Creek

1. Toxicants. HAf of Highlands town center and alarge portion of itsresidentia areadrain to
Mill Creek, so there is Sgnificant potentia for awide variety of toxicants to enter streams
during storm events, from spills, unauthorized discharges to the sormwater system, or
contaminated groundwater. A number of problematic underground storage tanks have been
documented in the Highlands area, and residents suspect that there may be additiond tanks
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with problems. Due to the wide range of potentia toxicants and source activitiesin this
watershed, toxicity merits further evaluation as a potentia cause of impairment.

2. Habitat degradation due to sedimentation. Excess sedimentation was higtoricaly liged asa
problem parameter for the Cullasgja River on the 303(d) list.

3. Hahitat degradation due to lack of key microhabitat. Preliminary watershed investigations

pinpointed a potentia problem with absence of key microhabitats, such as woody debris and
leafpacks.
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Section 4
Biological Conditions and Stream Habitat

Bioassessment involves the collection of stream organisms and the evauation of community
diversity and composition in order to assess water quality and ecologica conditions in a stream.
Evauation of habitat conditions at sampling locatiors is an important component of
bioassessment.

DWQ'sBiologica Assessment Unit has collected biologica data from the upper Cullasga River
watershed since 1990. The Cullasga River was sampled at US 64 in 1990, 1991, 1996, and
1999, and the benthic community was rated Fair for al dates except in 1991, when it was rated
Poor. The benthic macroinvertebrate community was characterized by low diversity and few
intolerant taxa.

Intensive monitoring of Mill Creek took place in the 1990s due to problems associated with
Highlands old wastewater treatment plant (WWTP), which was below the town center on Mill
Creek. Mill Creek was sampled by DWQ at two sites—above and below the old WWTP. In
1990 and 1991, both sites were rated Fair with benthic community data. The WWTP was moved
to the Cullasga River below Lake Sequoyah in 1994, and Mill Creek was again sampled in 1999
below the old WWTP. The community was rated Good-Fair, but it was sill characterized by

low divergty and alimited number of intolerant taxa.

McLarney (2000) monitored fish and benthic communities in both the Cullasga River and Mill
Creek in 1999, and these streams were rated with an Index of Biological Integrity modified for
high elevation streams. The Cullasga River was sampled at US 64 and scored 36 (out of a
possible 60 points), or Poor-Fair. The fish community conssted of one species—the tolerant
redbreast sunfish. Using two different scoring systems, the Mill Creek sample scored 34 and 28,
or Poor. The community was characterized by two classic features of a polluted stream--ahigh
proportion of pollution tolerant species (chiefly redbreast sunfish and creek chub) and omnivores
(bluehead and creek chub). McLarney noted that lack of recruitment sources due to
impoundments is a persstent problem for fish communitiesin this watershed.

Additiona benthic community sampling was conducted during the present study to serve severd
purposes.

To account for any changesin biologica condition since the Cullasga River and Mill Creek
were last sampled in 1999.

To obtain more specific information on the actud spatid extent of imparment than is
possible with exigting data.

To better understand which portions of the watershed may be contributing to biologica
impairment and which areas are in good ecologica condition.

To collect additiona information to support abiologicaly driven identification of likely
stressors.
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In this section, we describe the approach to bioassessment used during the study and summarize
the results of thiswork. A more detailed andyss of the condition of aguatic macroinvertebrate
communities in the upper Cullasga River watershed may be found in Appendix A.

4.1  Approach to Biological and Habitat Assessment

Benthic macroinvertebrate community samples were collected at seven Sites in the watershed,
with five locations on the Cullasgja River and its tributaries above US 64 (one of which was a
reference stream) and two locations on Mill Creek. In order to compare study streams to
relaively unimpacted streams, reference sties were chosen in adjacent watersheds. These
reference streams were of smilar gradient and watershed size, but drained primarily forested
cachments. Benthic macroinvertebrates were collected at three reference Sitesin adjacent Big
Creek and Skitty Creek watersheds. All sampling was performed in May and August 2000 and
July 2001. Sample stes are shown in Figure 4.1 and listed in Section 4.2.

4.1.1 Benthic Community Sampling and Rating Methods

Macroinvertebrate sampling was carried out using the generd procedures outlined in the
Division's standard operating procedures (NCDWQ, 2001). Standard qudlitative methods were
used for sreams with awidth of at least 4 meters. This method includes 10 composite samples:
2 kicks, 3 sweeps, 1 leafpack, 1 sand sample, 2 rock/log washes, and avisud collection. The
Qua 4 sampling procedure was used for Stes under 4 m widein 2000. This procedure involves
four composite samples. 1 kick, 1 sweep, 1 leafpack sample and visud collections. The Qua 5
method was used for stes under 4 m wide in 2001 and includes the four composite samples
collected with a Qua 4 plus arock/log wash, which was added to obtain a better sample of the
midge community. Organisms were identified to genus and/or species. Sampled reeches were
goproximately 100 metersin length. Details of the methods used a each sampling Sation are
included in Appendix A.

Two primary indicators or metrics are derived from macroinvertebrate community data: the
diversty of amore senstive subset of the invertebrate faunais evauated usng EPT taxa
richness counts; the pollution tolerance of those organisms present is evaluated using a biotic
index (Bl). “EPT” isan abbreviation for Ephemeroptera + Plecoptera + Trichoptera (mayflies,
soneflies and caddisflies), insect groups that are generdly intolerant of many kinds of pollution.
Generally, the higher the EPT number, the more healthy the benthic community. Low Bls
indicate a community dominated by taxa that are rdatively senstive to pollution and other
disturbances (intolerant). High Blsindicate greater dominance by organisms that are pollution
and disturbance insengtive (tolerant). Thus, the lower the Bl number, the more healthy the
benthic community. Biotic index numbers were combined with EPT taxarichness ratingsto
produce afinal bioclassfication (Good, Fair, Poor, ec.).

Streamsthat are at least four meters wide are formally rated with stlandard qudlitative criteria
Streams less than four meters wide may berated if certain conditions are met. If an unimpacted,
high qudity stream is sampled with Qual 4 procedures, a size correction factor is applied and a
rating given. If astream is sampled using Qua 4 procedures but isimpacted by human
disturbance, it israted as Not Impaired (NI) if it meetsthe criteriafor a Good-Fair or higher

Section 4 — Biological Conditions and Stream Habitat 22



4

Figure 4.1. Benthic Invertebrate Monitoring Sites in the Upper Cullasaja River Watershed
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rating using the sandard qualitative criteria. If this stream would not be Good-Fair or higher
using standard qualitetive criteria, it islisted as Not Rated (NR) and evauated quditatively usng
Bl and EPT numbers, based on staff experience and professiona judgment. All streams sampled
with Qual 5 methods are consdered NR because Qua 5 rating methods are still being devel oped.

Fina bioclassfications are used to determineif astream isimpaired. Streemswith
bioclassifications of Excellent, Good, and Good-Fair are dl considered unimpaired. Those with
Fair and Poor ratings are considered impaired and likely placed on the 303(d) list.

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 usng DWQ's standard habitat assessment protocol for
piedmont streams (NCDWQ, 2001). This protocol rates the aquatic habitat of the sampled reach
by adding the scores of a suite of loca (reach scae) habitat factors relevant to fish and/or
macroinvertebrates. Tota scores range from zero (worst) to 100 (best). Individud factors
include (maximum factor score in parenthess):

channd modification (5);

in-stream habitat variety and area available for colonization (20);
bottom substrate type and embeddedness (15);

poal 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 Results and Discussion

4.2.1 Description

Sdected habitat and biological characterigtics for each Ste sampled during the study are shown
inTable 4.1. Some streams were too small to be given aformd rating (bioclassfication). A
narrative summary of conditions a each current site follows. In July 2001, benthic monitoring
was performed during or just after heavy rains. See Appendix A for additiona detalls

Upper Cullasgia River and itstributaries
Cullasaja River off River Court (CUCR11). Thisreachisin agolf course a the Highlands
Fdls Country Club and is upsiream of Salt Rock Branch and the large impoundment above
US64. Thisreach isbordered by grass, and it may have been channdized in the past.
Riffles were infrequent, but embedded with fine sediment. Wood and |eafpacks were rare,
and undercut banks were isolated by low flows. This Site was characterized by an abundance
of taxa tolerant of habitat and water quaity impacts, including possible toxicity. 1t had 25
EPT taxa before seasond corrections and a Not Impaired rating (at least Good- Fair) in 2000.
However, in 2001, the number of EPT taxa dropped to 16 and its EPT biotic index (BI)
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increased amogt one full point; the community could no longer be rated unimpaired and is
Not Rated.

Salt Rock Branch at Falls Drive East (CUSB03). Thisreach isdso within the golf course at
Highlands Fals Country Club, below the club’ s wastewater treatment plant and an
impoundment. Thisreach is aso bordered by grass within the golf course, and it has high

and vertical banks. In-stream habitat was very poor here (scoring 37 out of 100), with
virtualy no organic microhabitat (leafpacks, wood). Edge habitat consisted of grass banks.
Riffles were infrequent and very embedded, and sand and silt comprised 85 percent of the
bottom substrate. This Site had the lowest number of EPT taxa (5) of adl study streamsand a
high EPT BI (5.52), indicating a very impacted benthic community. The community was
dominated by taxa tolerant of numerous types of gress, including possible toxicity. This
dtream is Not Rated due to the use of Qua 5 sampling methods.

Unnamed tributary off US64 (CUCRO4). This stream runs along US 64 behind residences
and businesses before it isimpounded in the Highlands Falls Country Club and then
converges with the Cullasga River above US 64. It was sampled to determineits possible
contributing impacts to the impaired Ste on the Cullasga River at US 64. The lower part of
this reach is steep and bedrock-bottomed, running through a Rhododendron thicket. The
upper part of the reach flows through a grassed resdentid area, has much lower gradient, and
isquite sandy. Habitat was quite good (scoring 87 out of 100); leafpacks and large wood
were rare but sticks were abundant. Asin other streams, undercut banks were unavailable
dueto low water. This stream was characterized by acommunity typica of ahedthy smdl
mountain stream. It hosted a number of intolerant EPT taxa (EPT BI = 2.38) and a good
number of EPT taxa (23). Thisstream is Not Rated due to the use of Qua 5 sampling
methods.

Cullasaja River at US64 (CUCRO0L). Thisisthe dte historicaly sampled for benthos by
DWQ and fish by Bill McLarney. Itisbeow al golf course communitiesin the upper
Cullasgja River watershed and isadowly flowing reach in a steep wooded vdley. Riffles
were infrequent and often comprised of woody debris. Silt and sand were dgnificant
portions (55 percent) of the bottom substrate, and boulder and cobble substrate was quite
embedded by fine sediment. Large wood and sticks were common, but |leaf packs were
uncommon. Undercut banks were present but isolated due to low flows. A dick covering of
dlt and attached agae was present on the hard inorganic substrate. Asin the padt, thissite
was rated Fair with samples from 2000 and 2001, characterized by some of the highest EPT
Bls(5.12 and 5.92) of al study streams. It hosted atolerant benthic community and alimited
number of EPT taxa (18 in 2000 and 10 in 2001). The community was indicated the
presence of stressors, including possible toxic inputs.

Mill Creek at 5" Avenue (CUMC14). Thisreachisin aresidentia section of Highlands but
above the town center. It was sampled in order to measure conditionsin Mill Creek above
sormwater inputs from the town center. This reach is bordered by a thin wooded riparian
area on the left bank, but alarge house was being constructed aong the edge of the right
bank where no woody vegetation was present. It isadowly flowing section of Mill Creek,
just below a swampy areaand beaver dam. This reach was characterized by little
microhabitat, with no leafpacks and little woody substrate. Undercut banks were unavailable
dueto low water. Riffleswere infrequent and embedded with fine sediment. This stream
stewas sampled in the spring and summer of 2000 and characterized by atolerant
community, induding some taxa that can be indicative of toxicity, and few EPT taxa (13in

Mill Creek
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soring and 11 in summer). This community could not be considered unimpaired and is Not
Rated.

Mill Creek at Brookside Lane (CUMCO02). Thisreachisin gpproximately the same location
as that sampled by DWQ in the 1990s (below the old wastewater treatment plant). Itisina
resdentia area below Highlands' town center, bordered by awooded riparian areaon the
right bank and resdentia lawn on the left bank. Cobble and boulder riffles were frequent
and somewhat embedded. Although large woody debris was common, leafpacks and sticks
were rare, and undercut banks were unavailable for colonization due to low flows. Likethe
upstream site at 5" Avenue, this site was characterized by an impacted benthic community.
It was dominated by tolerant taxa (EPT Bl = 4.51). It had more EPT taxathan the upstream
ste (17), but overdl richnesswas il low. This community could not be considered
unimpaired and is Not Rated.

Reference Sites
Ammons Branch off Spruce Lane (CUAB15). Thissmall streamis above dl resdences and
golf course areas a Highlands Falls Country Club and drains an old growth section of
Nantahala Nationd Forest. It was sampled as areference for other smal tributariesin the
areg, including SAt Rock Branch and the unnamed tributary off US64. Thisdream is
bordered by awooded riparian zone and had the best habitat of al study streams (scoring 93
out of 100). It had anice mix of cobble, gravel, boulder, and fine sediment, and riffleswere
frequent and well defined. Although undercut banks were isolated by low flows, other
microhabitats were abundant, including leafpacks and wood. This smdl stream was
characterized by avery intolerant benthic community, with an EPT BI of 1.15, the lowest of
al sudy streams. EPT taxarichness was 20. Ammons Branch had only one mayfly taxon,
which islikely dueto thelow pH of the Ste (5.4). Apart from the lack of mayflies, the
community was typical of ahigh quality mountain sresm. This stream is Not Rated due to
the use of Qua 5 sampling methods.
Big Creek at Buck Creek Road (SR 1538) (CUBC16). Thisreach was areference stefor the
Cullasgja River above US 64. Mogt of the watershed isresidentia or Nantahaa National
Forest. Thisreachisjust below ahigh gradient drop and flows through a steep wooded
vdley, which is bordered by Buck Creek Road about 10 meters from the right bank. It had
good habitat (average score of 86 out of 100 points) and was characterized by diverse
microhabitat; sticks, leafpacks, and large woody debris were abundant, athough undercut
banks were isolated by low flows. Sand and siIt was dominant in 2000 (80 percent of bottom
subgtrate), but in 2001, much of this fine sediment had moved downstream and was no longer
predominant (comprising 25 percent of the subgirate). Riffles were frequent and well-
defined. This Ste hosted adiverse and intolerant community. It wasrated as Excellent in
2000; it was not rated in 2001 due to the use of Qud 5 sampling methods, but the community
was dill indicative of a high quality mountain stream. It had the highest number of EPT taxa
in the study (41 in 2000 and 29 in 2001).
Houston Branch at Smon Speed Road (CUHB17). Thissmdl creek was areference site for
amall tributaries in the upper Cullasgja River watershed. It drains aforested watershed and
has two impoundments 0.5 mi above the sampling Ste. Thissmdl creek had very low flow
and no access to undercut banks when sampled. 1t was bordered by a nice riparian buffer,
athough horses have periodic access further upstream. It was characterized by finer
substrate, with gravel, sand, and silt comprising 75 percent of the bottom. Leafpacks were
rare, but sticks and large wood were abundant. Although this creek was very shdlow, it had
afrequent and wedll-defined rifflesand pools. Overdl, it had good habitat, scoring 82 out of
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100 points. Thisvery smal creek was rated as Excdlent, hogting a high number of EPT taxa
for asmall stream (25). It had avery low EPT Bl (1.97), and a number of intolerant taxa
typica of clean mountain streams were abundant.

North Sitty Creek at Cliffside Recreation Area (CUSC18). Thiswas areference ste for Mill
Creek and drains Nantahala National Forest. This stream was characterized by excellent
habitat, scoring 92 out of 100 points, and flows through National Forest. Like Houston
Branch, it had well-defined and frequent riffles and pools. Sticks and large wood were
abundant, leafpacks rare, and undercut banks isolated due to low flows. Thissmal creek was
aso rated as Excdlent, and it had a community typica of aclean mountain stream. It hosted
anumber of intolerant taxa and had avery low EPT BI (1.61). It wasdiverse, aswell, with
28 EPT taxa

4.2.2 Summary of Conditions and Nature of | mpairment

The Cullasgja River and Sdt Rock Branch, which drain golf communities, and Mill Creek,

which drains Highlands, host severely impacted benthic communities. The Cullasga River hosts
acommunity that isindicative of multiple types of stress, but it is hedlthier at the upsiream
location at River Court. The benthic community in Salt Rock Branch is severely impacted,
hogting acommunity that is very tolerant to stress. Mill Creek is characterized by abenthic
community that is aso tolerant of dress, and there islittle change from its upstiream location at

5™ Avenue to Brookside Lane, which is below the town center. Streams that drain forested land
(Ammons Branch, North Skitty Creek, Houston Branch) or less developed land (Unnamed
tributary to the Cullasgja River, Big Creek) are characterized by healthy benthic communities
that are able to withstand natural stresses such as drought.

Due to long-term drought, edge habitat (undercut banks, root mats) was unavailable to benthic
communities in reference and study watershed streams. Other organic microhabitats, such as
wood and |eaf packs, were more abundant in reference streams and study watershed streams with
wooded riparian areas. Sand was a sgnificant habitat component in some study watershed and
highly rated reference streams. It is unlikdly that sedimentation is a cause of impairment for Mill
Creek and the CullasgaRiver.

Although Big Creek, areference stream, was sampled during a heavy storm in 2001, it till
hosted a hedthy benthic community. There wasaloss of EPT richness (29 taxa instead of
2000’ s 41 taxa), but the community’s EPT biotic index (a measure of tolerance to stress) was
dable. The Cullasga River was dso sampled during this period of heavy sorms, and EPT
richness dropped aswell. Thisloss of taxa, however, was also accompanied by an increasein
the EPT bictic index by amogt afull point a both the River Cout and US 64 sites.
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Table4.1 Sdected Benthic Community and Habitat Characteritics at Study Sitesin the Upper Cullasgja River Watershed

Site Date Stream | Avg. Subsgtrate In-stream Embedded- Habitat EPT EPT Bioclassification °
Width | Depth % sand Structure ness Scor e Score Richness® | Biotic
(m)?* (m) and Score (of 15)* Total Index ®
silt 2 (of 20)° (of 100) °
CullasgaR. off River Ct. 5/16/00 3 0.1 30 10 11 38 25 372 Not Impaired (at
least Good-Fair)
7/26/01 3 0.2 40 14 6 60 16 4.63 Not Rated* *
Salt Rock Br. at FallsDr. E 7/26/01 1 0.3 85 10 4 37 5 552 Not Rated* *
Unnamed tributary off US 64 7/25/01 3 0.2 20 16 13 87 23 2.38 Not Rated* *
CullasgjaR. at US 64 8/28/00 5 0.3 55 14 8 69 18 512 Fair
7/25/01 5 0.6 55 14 10 69 10 5.92 Fair
Mill Cr. at 5™ Ave. 5/17/00 3 0.3 45 9 8 70 13 451 Not Rated*
8/29/00 2 01 60 10 5 49 1 5.36 Not Rated*
Mill Cr. at Brookside Ln. 8/28/00 3 0.2 20 14 12 76 17 451 Not Rated*
Reference Streams
Ammons Br. off SpruceLn. 7/25/01 2 01 30 13 15 93 20 115 Not Rated**
Big Cr. at Buck Cr. Rd. 8/29/00 4 0.1 80 16 8 83 1 248 Excellent
7/25/01 35 05 25 17 13 89 29 222 Not Rated**
Houston Br. at Simon Speed Rd. | 8/29/00 1 01 50 14 9 82 25 197 Excellent
North Skitty Cr. at Cliffside 8/29/00 2 01 30 16 12 92 28 161 Excellent
Recreation Area

Wetted channel width at times of sampling.

Based on visual estimate of substrate size distribution.

Visual quantification of the of in-stream structures present, including |eaf packs and sticks, large wood, rocks, macrophytes, and undercut banks/root mats.
Estimation of riffle embeddedness.

Seetext for alist of component factors.

Seetext for description.

* Sampled with Qual 4 method. Impacted, but too small to rate.

** Sampled with Qual 5 method, which currently has no rating method.
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Section 5
Chemical and Toxicological Conditions

Water quality assessment provides information to evauate whether chemical and physicd
conditions contribute to suboptima benthic communities. DWQ does not have an ambient
dation in thiswatershed, and historica data on stream chemigtry are extremely limited. Inthis
study, ambient conditions were assessed in the fild and surface water samples were collected for
laboratory andysis to evaluate water quaity. Two broad purposes of this monitoring were:

1. To provide a synoptic characterization of water qudity conditionsin the watershed.
2. Tocollect arange of chemicd, physica and toxicity data to help evauate the specific
causes of impairment and to help identify the sources.

This section summarizes the sampling and data collection gpproach used and discusses key
monitoring results. See Appendix B for amore detailed discusson of methodologica issues and
amore comprehensive presentation of results.

5.1  Approach to Chemical, Physical, and Toxicity Sampling

During the study period, project staff collected grab samplesin the upper Cullasga River
watershed on 18 dates between August 2000 and November 2001, four of which were storm
samples. Semi- permeable membrane devices were used to document contaminants over longer
periods of time (one to two weeks). Sediments were sampled from Mill Creek and the Cullasga
River in August 2001. Dissolved oxygen and temperature were monitored with data sondes over
the course of aweek above and below dams. Sampling locations are summarized in Section
5.1.2.

5.1.1 General Approach

Generd water quality characterization One Station at the downstream end of the study areaon
both the Cullasga River and Mill Creek was sampled multiple times over 16 months to
characterize water quality conditions. These locations were chosen as integrator Sites for the two
dreams. A standard set of parameters smilar to those evaluated at DWQ ambient stations was
andyzed (Appendix B, Table B.1). Sampleswere collected during both baseflow and stormflow
periods. Baseflow periods were defined as those in which no measurablerain fell in the
watershed during the 48-hour period preceding sampling. Storm samples were collected on the
risng stage of the hydrograph. Fecd coliform samples were collected only under baseflow
conditions. For additiona detalls, refer to Appendix B.

Stressor and source evaluation. Samples were collected at a variety of locationsin order to
identify mgor chemica/physica stressors to which aquatic biota are exposed and assess mgjor
sources. Station locations for stressor identification sampling were linked closdly to aress of
known biologica impairment (benthic macroinvertebrate sampling stations) and to specific
watershed activities believed to represent potentia sources of impairment.
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In addition to standard parameter sampling, the water column of the upper Cullasga River and
its tributaries was sampled for dissolved oxygen and temperature above and below dams and
andyzed for acid herbicides, organochlorines, organophosphates, and nitrogen pesticides by the
DWQ laboratory. In Mill Creek, the water column was andyzed for semi-volatile organics (EPA
method 625) and volatile organic pollutants (EPA method 624) in baseflows and stormflows.
Mill Creek baseflows were andlyzed for a suite of pesticides, including organochlorines,
organophosphates, and acid herbicides by the DWQ laboratory. Mill Creek stormflows were
andyzed for a broader set of pesticides by the NCSU Department of Environmentd and
Molecular Toxicology. Dissolved oxygen and temperature were studied in Mill Creek to
determine possible impacts of abeaver dam below the confluence of Satulah Branch and Mill
Creek.

In Mill Creek and the Cullasga River, semi-permeable membrane devices and siream sediments
were used to measure long-term stream exposure to pollutants. Semi- permeable membrane
devices (SPMDs), passve atificia samplers that accumulate hydrophobic organic pollutants,
were used during asix-day stormflow/bassflow period in Mill Creek and 17-day baseflow
periodsin Mill Creek and the Cullasga River. The SPMDs were andyzed for polycyclic
aromatic hydrocarbons (PAHS), polychlorinated biphenyls (PCBs), chlorinated pesticides, and
selected current use pesticides.

Hydrolab data sondes, multiparameter probes with a data logging capability, were used to
measure dissolved oxygen, temperature, Specific conductance, and pH levels in-stream during
seven-day periods. These instruments were deployed at three locations in the upper Cullasga
River watershed in September 2001 to determine the differences in dissolved oxygen above and
below dams on the CullasgaRiver. They were aso deployed in Mill Creek in October 2001
both below the beaver dam at 5" Avenue and at the integrator location further downstream in
order to determine whether dissolved oxygen levels were impacted by the beaver dam.

Ambient acute and chronic toxicity tests (bioassays) were conducted on water samplesto
evauate potentia toxic impactsin Mill Creek below Highlands' town center. Laboratory
bioassays provide a method of ng the presence of toxicity to aguatic organisms from ether
sngle or multiple pollutants and can be useful for assessing the cumulative effect of multiple
chemical stressors. One chronic toxicity test was performed during baseflow and acute toxicity
tests were performed for two storm events. The North Carolina Ceriodaphnia Chronic Effluent
Toxicity Procedure (NCDWQ, 1998) was used for chronic toxicity determination. Acute toxicity
was determined using protocols defined by USEPA using Ceriodaphnia dubia with a48-hour
exposure (USEPA, 1993).

Stream sediments of the Cullasgja River and Mill Creek were collected in August 2001 and then
andyzed for pedticides, metds, and a suite of organic pollutants, including PAHs, PCBs, and
other semi-volatile compounds. Chronic toxicity tests were conducted on these sediments to
evauate potentid toxic impacts. Forty-two day tests were performed with the test organism
Hyallela azteca, usng methods described in ASTM (2000) and USEPA (2000a).

Feld measurements (pH, dissolved oxygen, specific conductance and temperature) were taken
on multiple occasions at various locations throughout the watershed to further characterize water
quality conditions and to investigate potential stressor source aress.
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Water and sediment benchmarks. In order to help evauate whether a Significant likelihood
existed that observed concentrations may have a negative impact on agquetic life, measured

concentrations were compared to EPA’ s National Ambient Water Qudity Criteria (NAWQC) for

freshwater (USEPA, 1999b) and Tier Il benchmarks (USEPA, 1995). Metas benchmarks were
adjusted for hardness where appropriate (USEPA, 1999b). For chromium, the NAWQC for Cr
VI was used. The use of NAWQC and other benchmarks is discussed in more detail in
Appendix B. Since NAWQC are for dissolved meta's and samples of the upper Cullasga River
watershed were andyzed for total metals, these criteria are conservative.

Sediment data were compared to a set of sediment benchmarks used by the DWQ Aquatic
Toxicology Unit (Appendix B, Table B.2). They were grouped into conservative and non
consarvative ranges in the manner of MacDondd et d. (2000). Conservative ranges are sets of
threshold values, below which thereislow probability of toxicity to aguatic organisms. Region
4 USEPA vaues are included in the set of conservative vaues, but they are aso presented by
themsalves because the DWQ Aquatic Toxicology Unit uses these as initid screening
benchmarks. Non-conservative ranges are sets of vaues above which there is a high probability
of toxicity to aquatic organisms. If ameasured vadue fals within the conservetive range, it is
possible but not probable that it istoxic. If the vaue fdls within the non-consarvative range, it is
possible that it istoxic, and the higher the concentration, the more probability of toxicity.

Benchmarks were used for initid screening of potentia impacts. Find evauation of the likely
potentia for metals, and other andytes, to negatively impact aguatic biota, consdered dl lines of
evidence available, including toxicity bioassays and benthic macroinvertebrate data, in addition
to data on andyte concentrations.

5.1.2 Ste Section

Sampling stations were chosen based on severd criteria: accessibility, proximity to benthic
sampling Sites, and proximity to potentid contributing land use activities. Sampling Stesare
summarized in Table 5.1 and shown in Figure 5.1. Data and samples were collected at the
following gSites.

Watershed integrator sampling
CullasgaRiver upstream of US 64 (CUCRO1). Thislocation isthe historic benthic sampling
location. 1t is downstream of the Cullasgja Club and Highlands Fdls golf course
communities and is the most downstream monitoring location that is accessble. It integrates
most of the nonpoint and point source influences in the watershed. Dissolved oxygen was
measured here with a continuous data logging device to determine the influence of the lowest
impoundment in the Highlands Falls golf community on oxygen. An SPMD was deployed
herefor 17 days during baseflowsin November 2001. Sediment was sampled and analyzed
for toxicity and contaminants.
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Figure 5.1. Physical/Chemical and Benthic Monitoring Sites
in the Upper Cullasaja River Watershed
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Table5.1 Summary of Monitoring Approaches Used at Primary Sampling Sites, Upper Cullasga River Study Area
M onitoring Approach
Station L ocation Benthos Water Toxicity Bed SPMD * Data
Code Chemistry' | (water) | Sediment Sonde

CUCRO1 CullasgaR. at US64 v v+ v v v

a>3 CUSBO3 Salt Rock Br. at Falls Dr. East v v

% CUCRO sz;?;ﬂk“:g (tjl’l butary to the Cullasgja R. above v v

= CUCRO5 CullasgaR. at Falls Dr. West v

g CUCRI0 | CullasgaR. at CullasgiaClub Dr. v

S{ CUCRI11 CullasgjaR. at River Ct. v v
CUCRIL2 \li:wlrgnvc\e/d a;l’l butary to Ravenel Lake at Lake v
CUCR13 CullasgjaR. at Crescent Trail v
CUAB15 Ammons Br. off SpruceLn. v
CUMCQ2 Mill Creek at Brookside Ln. v v + v v v v
CUMCO06 Main stormwater tributary to Mill Cr. v

§ CuUMCO08 Mill Cr. downstream of CUMCO6 v v

= CUMCO09 Unnamed tributary to Mill Cr. at Main St. v

= CUMC14 | Mill Creek at 5™ Avenue v v v
CUMC19 Unnamed tributary to Mill Cr. at Poplar St. v

o CUBC16 Big Cr. at Buck Cr. Rd. v

% cuBcCi17 Houston Br. at Simon Speed Rd. v

% CUSC18 N. Skitty Cr. at Cliffside Recreation Area v

* MRSMO01 South Fork MillsR. off USFS Rd. v

1 Grab samples and/or repeated field measurements.
2 SPM D--semipermeable membrane device.

+ Integrator station.
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Mill Creek at the end of Brookside Lane (CUMCO02). Thislocation is the lowest benthic
sampling location. It is downdream of Highlands and is the most downstream monitoring
location that is accessible. 1t integrates mogt of the nonpoint source influencesin the
watershed. Dissolved oxygen was measured here with a continuous data logging device to
compare to upstream oxygen levels. SPMDs were deployed here for a 17-day baseflow
period and a six-day stormflow/baseflow period in November 2001. Sediment was sampled
and andyzed for toxicity and contaminants.

Stressor and source identification sampling locations
Sdtrock Branch at Falls Drive East (CUSB03). This sampling location is downstream of the
main wastewater trestment plant for the Highlands Falls golf course community.
Unnamed tributary to the Cullasgja River a Skylake Road (CUCR04). This sampling
location is downstream of the smaler wastewater trestment plant for the Highlands Falls golf
course community and was sampled for metals and nutrients.
Cullasga River at Falls Drive West (CUCRO05). Dissolved oxygen was measured here with a
continuous data logging device to determine the influence of the lowest impoundment in the
Highlands Falls golf community on oxygen.
Unnamed tributary to Mill Creek (CUMCO06). This sampling location iswhere asmal
tributary that drains approximately haf of the town center emptiesinto Mill Creek. Thisis
referred to as the “main sormwater tributary” throughout this document. Petroleum odors
were observed here during dry periods.
Mill Creek downstream of the sormwater culvert at the CUMCO6 location (CUMCO08). This
sampling location was used to determine if contaminants measured at CUM CO6 were at
measurable levelsin Mill Creek. Chronic toxicity was dso performed on water from this
gte.
Unnamed tributary to Mill Creek (CUMCQ09). Thissampling location is at the end of a
culvert across from the Mountain Fresh grocery store on Main Street where sewage smells
and fungus were observed.
CullasgaRiver a Cullasgja Club Drive (CUCR10). This sampling location is downsiream
of mogt of the Cullasgia Club golf course.
CullasgaRiver a River Court (CUCR11). Thissampling location is located on the edge of
one of the fairways in the Highlands Falls golf course; pesticide analyss was performed on
samples collected here.
CullasgjaRiver at Cresent Trall (CUCR13). Dissolved oxygen was measured here with a
continuous data logging device to determine the influence of Ravend Lake on oxygen.
Mill Creek a 5th Avenue (CUMC14). Thissampling location is above Highlands' town
center but below aresdential neighborhood and a beaver impoundment. Dissolved oxygen
was measured here with a continuous data logging device to determine the influence of the
beaver impoundment on oxygen. Thisis beow the confluence of the unnamed tributary thet
flows through the Highlands maintenance facility, and a sample from this Site was andyzed
for asuite of organic contaminants.
Unnamed tributary to Mill Creek at Poplar Street (CUMC19). Thisislocated just
downstream of Town of Highlands maintenance facility, where there is documented
contamination from aleaky underground storage tank. A sample from this site was anayzed
for suite of organic contaminants and metas.
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Sediment reference location

South Fork Mills River (MRSMO01) at end of USFS Road 476 near Pink Bedsin Pisgah
Nationa Forest. Thisdtedrainsalow gradient forested catchment on the Pink Beds plateau
and was chosen as areference site for sediment andysis.

52 General Water Quality Characterization

Concentrations of nutrients and other conventiona parameters for the CullasgaRiver a US 64
and for Mill Creek at Brookside Lane arelisted in Tables 5.2 and 5.3. Meta concentrations of
interest are discussed in Section 5.3.

Cullasgia River

Median baseflow concentrations of total phosphorous and totd nitrogen were 0.03 mg/L ad
0.58 mg/L, respectively. These are somewhat eevated above background levels (Smmons
and Heeth, 1982), but are not extraordinary when compared to levelsin other mountain
dreams. SaAt Rock Branch, atributary, was sampled once, and it had higher nutrient levels,
with atotal phosphorous concentration of 0.08 mg/L and total nitrogen concentration of 1.06
mg/L.

Dissolved oxygen levels at US 64 ranged from 6.0 to 11.3 mg/L. Continuous data loggers
were deployed in atributary to Ravend Lake and below the two largest impoundments on
the upper Cullasga River during seven daysin September 2001. There was water flow over
the dams during this period. There were no problematic levels of dissolved oxygen, with
concentrations ranging from 7.4 to 9.2 mg/L (Appendix B, Table B.3). Therewasan
increase in mean temperature of about 3 degrees Celsius downstream of Ravenel Lake.

Fecdl coliform levels were low, ranging from 1 to 20 colonies/100 mL., with a geometric
mean of 6 col/200 mL. The North Carolina standard for fecd coliform in these watersisa
geometric mean of 200 col/100 mL.

Mill Creek

Median baseflow concentrations of total phosphorous and tota nitrogen were 0.04 mg/L and
0.38 mg/L, respectively. These are somewhat eevated above background leves (Smmons
et a., 1982), but are not extraordinary when compared to levels in other mountain streams.
Dissolved oxygen levels ranged from 8.3 to 11.5 mg/L.. Continuous data loggers deployed
below the beaver dam at 5" Avenue and at Brookside L ane during aweek in October 2001
demongtrated no problematic levels of dissolved oxygen, with concentrations ranging from
6.8 t0 9.7 mg/L (Appendix B, Table B.3). Temperature measured during the same week
showed little difference in mean temperature between the site below the beaver dam on 5™
Avenue and that at Brookside Lane.

Fecd coliform levels were low, ranging from 11 to 84 colonies/100 mL, with a geometric
mean of 25 col/100 mL.
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Table5.2 Water Qudity Results for the Cullasga River at US 64 (CUCRO01)

PARAMETER BASEFLOW STORMFLOW
N M ax Min Median Mean N Value
Nutrients (mg/L)
Ammonia Nitrogen 5 0.60 <0.1 <0.1 0.17 1 0.10
Total Kjeldahl Nitrogen 5 0.80 <0.1 0.40 0.49 1 0.80
Nitrate+Nitrite Nitrogen 5 0.28 0.12 0.18 0.20 1 0.20
Total Phosphorus 5 0.30 <0.02 0.03 0.10 1 0.08
Total Nitrogen 5 1.0 0.3 0.6 0.7 1 1.0
Other Conventional
DO (mg/L) 9 800 6.0 8.0 16.3 1 10.6
pH (Standard Units) 9 7.6 5.1 6.9 6.7 1 5.4
Specific Cond (n&/cm) 9 44 29 38 38 1 40
Total Hardness(mg/L) 5 180 9.0 10.0 11.9 1 9.0
Residue, T. Suspended (mg/L) | 5 7.0 1.3 18 2.8 1 7.0
Total Dissolved Solids (mg/L) | 5 85 27 38 52 1 32
Turbidity (NTU) 5 2.9 15 26 2.3 1 111
Calcium (mg/L) 4 325 1.98 2.28 2.45 1 2.24
Magnesium (mg/L) 4 0.69 0.59 0.64 0.64 1 0.671

Table5.3 Water Quality Results for Mill Creek at Brookside Lane (CUMCO02)

PARAMETER BASEFLOW STORMFLOW
N Max Min Median Mean [N Max Min Median Mean
Nutrients (mg/L)
Ammonia Nitrogen 5 03 <01 <0.1 0.1 2 09 <01 0.5 0.5
Total Kjeldahl Nitrogen 5 07 <01 0.3 0.4 2 07 0.5 0.6 0.6
Nitrate+Nitrite Nitrogen 5 028 0.18 0.22 022 (2 031 020 0.26 0.26
Total Phosphorus 5 0.07 <0.02 0.02 003 |2 0.08 0.04 0.06 0.06
Total Nitrogen 5 09 0.2 05 0.6 2 09 0.8 0.9 0.9
Other Conventional
DO (mg/L) 5 115 83 10.6 102 |1 10.9
pH (Standard Units) 5 75 68 7.2 72 |1 7.2
Specific Cond (n&/cm) 5 58 32 42 43 |1 43
Total Hardness(mg/L) 5 200 95 10.0 121 |1 14.0
Residue, T. Suspended (mg/L)[ 4 1.8 11 15 15 1 8.8
Total Dissolved Solids(mg/L) [ 5 40 24 36 34 1 29
Turbidity (NTU) 5 29 09 17 17 |1 10.6
Calcium (mg/L) 4 336 214 242 258 |1 247
Magnesium (mg/L) 4 073 041 0.48 052 |1 0.51
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53  Stressor and Source | dentification—Cullasaja River

Sediments from the Cullasga River at US 64 tested negative for chronic toxicity usng Hyallela
azteca. However, chemistry andyss on these sediments revedled high levels of metals and
chlorinated pesticides, but no other organic pollutants were detected. Sediment and water
physica/chemical data are described below.

5.3.1 Pesticides and Other Organic Contaminants

Acid herbicides, organochlorines, organophosphates, and nitrogen pesticides were andyzed on
baseflow samples taken from the Cullasga River at River Court and a Cullasga Club Drive on
onedate. At Cullasga Club Drive, bentazon was detected at 0.908 ng/L, a concentration
considerably lower than published effects thresholds (USEPA Pesticide Ecotoxicity Database)
and at River Court, bentazon was detected at levels too low to quantify. At both locations, tenor
greater unidentified organochlorine peaks, which may have been breakdown products, were
identified in the pesticide analyss. No other pesticides were detected in water samples.

A number of organic contaminants, including polycyclic aromatic hydrocarbons, polychlorinated
biphenyls, and organochl orine pesticides were sampled by a semi- permeable membrane device
deployed in the Cullasgja River for 17 baseflow days (Appendix B, Table B.4). All levelswere
below published acute and chronic screening levels.

Table 5.4 ligts pesticides found in depositiona sediment that were (1) found at levels above
screening benchmarks or (2) found at detectable levels, but do not currently have published
screening benchmarks.  Sediment analysis for pesticides identified the insecticide gamma
chlordane at 0.8 ppb, which fals within the conservative benchmark range for chlordane; thus, it
ispossible, but not probable, that this pesticide was present at concentrations that can cause
sediment toxicity to aguatic organisms (see benchmark discussion in Appendix B). Other
chlorinated pesticides were found at concentrations below sediment screening benchmarks.
Trans-nonachlor was measured at 0.20 ppb, but there is no published benchmark for this
pesticide. Other than chlorinated pesticides, no organic compounds were detected in sediments.

Table5.4 Sdected Pesticides in the Depositiond Sediment of Cullasga River (CUCROL),
Mill Creek (CUMCO02), and a Reference Stream, South Mills River (MRSMO01)*

Pesticide (ppb) Sample Site Benchmark Reference?

(Dry Weight) CRCR01 CRMC02 MRSMO1 | EPA Region4 Conservative Non-conservative,
alphachlordane® 015 bdl bdl 05 05t07 4.79to 147
gamma chlordane® 0.80 bdl 0.74 05 05t07 47910 147
trans-nonachlor 0.20 bdl bdl
dieldrin bdl 0.72 bdl 0.02 0.02t0 3.3 4.3102229.5
4.4-DDE 0.85 2.30 091 207 142t05 6.7510465.5
Sum of DDTs 0.85 2.30 091 158 158to7 46.1 to 4450

! Valuesin bold are greater or equal to at least one benchmark. Bdl = below detection limit.

2 Where appropriate, non-conservative benchmarks were adjusted for the lowest total organic carbon value—2.45% (the TOC
for CUMCO2).

% Benchmark values are for chlordane.
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5.3.2 Metals

Table 5.5 provides a comparison of selected meta concentrations measured in water on specific
sampling dates to the chronic and acute EPA NAWQC criteria (screening vaues) that were
adjusted for ste-specific hardness. Only those metas with measured values at or above
NAWQC criteriaare liged. Although pH isaso amgor factor in ametd’ s bicavailability, no
adjustment cal cul ations were necessary because readings at Stesin the upper CullasgaRiver
watershed were generdly circumneutra.

The stormflow sample had a copper and cadmium level at least two times the acute screening
level. Baseflow concentrations were not as notable--the median copper and cadmium
concentrations of Sx samples collected are below the detection limit (1 ng/L) and the screening
level. However, it isimportant to note that the lead detection limit (1 ng/L) is above the chronic
benchmark (0.1 ng/L).

Table5.5 Sdected Metdsin the Cullasga River and Mill Creek and Comparison Vaues of
the Tuckasegee River and EPA Screening Levelst

Site Total metal concentration (mg/L) Calculated
Cadmium  Copper L ead Zinc Hardness (mg/L )
CullasajaR. at US 64 (CUCRO01)
3/15/2001--stor mflow 0.8 3 <1 10.3 8.36
Adjusted chronic benchmark 04 14 01 150
Adjusted acute benchmark 04 11 35 150
Baseflow median <01 <1 <1 95 844
Adjusted chronic benchmark 04 14 01 150
Adjusted acute benchmark 04 11 35 15.0
Mill Cr. at Brookside Ln. (CUMCO02)
3/15/2001--stor mflow <0.1 2 2 18.7 8.28
Adjusted chronic benchmark 03 11 01 145
Adjusted acute benchmark 0.3 13 34 145
11/23/2001--stor mflow 0.4 9 5 125.3 8.28°
Adjusted chronic benchmark 0.3 11 01 145
Adjusted acute benchmark 03 13 34 145
11/29/2001--stor mflow 0.2 2 3 27.0 8.28°
Adjusted chronic benchmark 0.3 11 01 145
Adjusted acute benchmark 03 13 34 145
Baseflow median 01 <1 <1 105 854
Adjusted chronic benchmark 04 11 01 150
Adjusted acute benchmark 04 14 3.6 15.0
Tuckasegee R. at Bryson City
Median for monthly data collected 9/94-8/99 3 12.0 70
Adjusted chronic benchmark 12 111

! Bold values are those greater or equal to chronic screening levels if from baseflow and greater or equal to acute screening levels if from

stormflow.
2 Hardness calculation = ([Ca2+] X 2.497) + ((Mg2+] X 4.118).
% Hardness value is calculated hardness from 3/15/01 stormflow cation data.
* Hardness is median hardness for all samples from the Tuckasegee River.
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Data from the Tuckasegee River at Bryson City (DWQ station number G8600000) provide a
comparison for copper and zinc in the upper Cullasga River watershed. Detection limits for lead
and cadmium are too high to provide a dataset for comparison. Benthic macroinvertebratesin

the lower Tuckasegee River were monitored in 1999 and rated as Good; thus, metds

concentrations here likely do not negatively impact the macroinvertebrate community. Median
copper in the Tuckasegee River issmilar to that of the CullasgjaRiver (3 ng/L vs. 2-3 nglL),
and it aso exceeds its Site-specific benchmark of 1 ng/lL.

Sediment collected in depostiond areas in the Cullasgja River had high levels of duminum,
cadmium, iron, and zinc (Table 5.6). Concentrations of these metds are within the conservative
benchmark range; thus, it is possible, but not probable, thet these metals are toxic to aquatic

organisms. Mercury was found a a concentration that is haf the lowest conservative

benchmark.
Table5.6  Metals Detected in the Depositional Sediment of Cullasgja River (CUCROL), Mill
Creek (CUMCO02), and a Reference Stream, South Mills River (MRSMO01)*
Metal
Total (ppm) Sample Site Benchmark Reference
dry weight units | CUCROL CRMC02 MRSMOL | EPA Region 4 Conservative  Non-conservative

Aluminum 25900 15300 9160 25500 58030 to 73160
Cadmium 1.610 1.140 0.596 0.676 0.583t01.2 3to4l1
Copper 12.7 130 42 18.7 16t035.7 54.810 270
Iron 20200 14600 7600 20000 to 188400 40000
Lead 8.67 13.90 <2.78 30.2 30.2t046.7 68.7 to 396
Manganese 414 306 107 46010 1673 819to 11000
Mercury 0.0755 <0.0374 <0.0396 013 0.13t00.2 0.48610 2
Nickel 11.60 8.83 4.69 159 159t039.6 3591075
Zinc 104 104 24 124 9810 159 27110 1532

! Valuesin bold are greater or equal to at least one benchmark.

5.4

Stressor and Sour ce | dentification—Mill Creek

Monitoring in Mill Creek focused on impacts from Highlands town center. Using Cerodaphnia
dubia, toxicity was measured in water samples collected below the town center. Two acute
toxicity tests performed on stormflows and one chronic toxicity test performed on baseflow
passed, with no associated mortality or observed reduction in reproduction. Toxicity tests
performed on the depositiona sediment from Mill Creek did not provide any conclusive
evidence of toxicity. There was no Satistically significant difference (p<0.05) between the
control and Mill Creek sediments for any toxicity endpoints except for the 28-day survivd of
Hyallela azteca, and thisis not consdered evidence of toxicity due to extremdy high survivd of
test organismsin control sediments.
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5.4.1 Pesticides and Other Organic Contaminants

There were three chlorinated pesticides measured in depositional sediments of Mill Creek at
concentrations that were above published screening benchmarks—dieldrin, totd DDTs (a
measure of DDT and its breakdown products), and DDE (Table 5.4). DDE, abreakdown
product of DDT, and the totd DDTs concentrations were the same; therefore, DDE accounts for
thetotal DDTs. All of these concentrations fal within the conservative benchmark range. The
one baseflow sample that was andyzed for chlorinated pesticides, organophosphates, and acid
herbicides had two unidentified chlorinated pesticide peaks, which may have been breakdown
products of these pesticides.

Semi-permeable membrane devices (SPMDs) placed in Mill Creek during a Sx-day baseflow
and stormflow period and a seventeen-day baseflow period collected alarge number of organic
contaminants, including chlorinated pegticides, polychlorinated biphenyls, and polycyclic
aromatic hydrocarbons (Appendix B, Table B.4). Concentrations of most contaminants were
higher from the SPMD that sampled both baseflows and stormflows than the SPMD that sampled
baseflows only. All levels were below published acute and chronic screening levels. SPMD
concentrations represent an average concentration over the entire deployment period and can be
used to determine what has passed through the stream. They do not represent actua
concentrations of pulse events such as sormflows. The storm event that occurred during the
SPMD deployment period was also sampled with an automatic sampler, which collected and
composited four subsamples over the course of 45 minutes. There were no notable levels of
semi-voldile or volatile organic contaminants (including PAHS), chlorinated or other pesticides,
or acute toxicity in thissample. PCBswere not analyzed. This composite sample provides only
a snapshot of 45 minutes during the storm and does not reflect the concentrations of pollutants
during the entire sorm event, so it is possible that the contaminants measured by the SPMD
entered the siream at some other time during the storm or during baseflow.

Water samples were tested for semi-volatile organic contaminants in the main sormwater
tributary to Mill Creek that drains Highlands' town center (UT 1 in Figure 5.2) and in Mill Creek
below the confluence with this tributary. A number of compounds were detected during
baseflow in the main sormwater tributary (Appendix B, Table B.13). There are no NAWQC
benchmarks available for these compounds. However, two out of twelve compounds detected
have published Tier 1l chronic screening levels, and they were exceeded; this tributary had 17
ny/L of naphthalene (Tier Il vdue: 12 ng/L) and an estimated 57 ng/L of p-xylene (Tier |l vdue
for xylene: 13 ng/L). The two baseflow samples taken in Mill Creek below this tributary did not
have measurable levels of semi-volatile compounds, however, and a chronic toxicity test
performed here passed, with no associated mortality or observed reduction in reproduction.

A strong petroleum odor was observed in atributary to Mill Creek (UT 2 in Figure 5.2) that
flows from the Town of Highlands maintenance facility, where there is a documented legking
underground storage tank incident (see Section 2.5.2). A sample from this tributary (specific
conductance = 101 n§cm) was analyzed for volatile and semi-volétile organics, phenols, PAHS,
and metas, only volatile organics (Table 5.7) and metad's were detected in the sample. Thezinc
leve (22.7 ng/L) was above the chronic NAWQC screening level (15.0 ng/L, adjusted for
median watershed baseflow hardness). Two isomers of xylene (m and p) could not be separated
in andyss and are reported together. The Tier |1 screening level for m-xyleneis much lower

Section 5— Chemical and Toxicological Conditions

40



Figure 5.2. Mill Creek and lts Tributaries
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than that for xylene, and the stream’ s concentration of m + p-xyleneisdmog three timesthe
screening leve for m-xylene, but below that of xylene. Levels of other volatile organics were
below Tier 11 screening leves, but additive effects of these contaminants may be problemétic.
Mill Creek was sampled just below thistributary (above 5" Avenue), but no organic
contaminants were detected and metal concentrations were below screening levels. Another
tributary to Mill Creek that drains an area near the maintenance facility but merges with Mill
Creek below US 64 (UT 3in Figure 5.2) dso smelled of petroleum and had high specific
conductance (162 n&cm); however, no analyss for organic contaminants or metals was
performed on water from this stream.

Table5.7 Voldtile Organic Contaminants in a Tributary to Mill Creek Draining the
Highlands' Maintenance Fecility and Corresponding EPA Tier || Surface Water

Chronic Benchmarks (ng/L)

Site Tier 11

Contaminant Concentration Benchmark

Benzene 108 130
Toluene 140 98
Ethylbenzene 184 73
M+P-Xylene* 492 18,13
O-Xylene? 192 13

1 TheTier Il benchmark for m-xyleneis 1.8 ng/L, and the benchmark for xyleneis 13 ng/L.
2 Thereisno Tier Il benchmark for o-xylene; the benchmark for xylene was used.

54.2 Metals

Stormflow metasin the water column sometimes exceeded EPA NAWQC vaues (Table 5.5).
One of three sormflow cadmium and lead concentrations were greater than the acute screening
levels. Three of three ssormflow copper and zinc concentrations exceeded the acute screening
levels (including zinc for one sorm a 125.3 ng/L, with a comparative acute benchmark of 14.6
ngyL). Two of the three sorm events, including one with the high zinc concentretion, were
tested for acute toxicity, but neither event demongtrated mortality of the test organisms. Median
bassflow meta concentrations were below chronic screening levels. Again, it isimportant to
note that the lead detection limit (1 ng/L) is above the chronic benchmark (0.1 ng/L).

Using data from the fully supporting Tuckasegee River a& Bryson City as a comparison for Mill
Creek data can provide perspective on zinc and copper levels. Median copper in the Tuckasegee
River is above that of Mill Creek for dl but one storm sample, and it also exceedsits Site-

gpecific benchmark of 1 ng/L. However, zinc levelsin the Tuckasegee River are much lower

than those of Mill Creek.

Both cadmium and zinc concentrations in Mill Creek sediments fell within the conservetive
benchmark range (Table 5.6); thus, it is possible, but not probable, that they can cause toxicity to
aquatic organisms. Mill Creek sediments had both metals and chlorinated pesticides above
screening benchmarks; additive effects of these contaminants could cause toxicity.
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5.4.3 Other Concerns

Multiple problems with runoff from Highlands town center were observed. During snowmdt in
December 2000, high specific conductance was measured in severd storm drains and ditches that
flow to Mill Creek, and the one storm drain tested for chloride had a concentration of 94 mg/L;
road salt was the likely cause of these high values. A very high fecal coliform bacteria count
(estimated 90,000 colonies/100 mL) was noted from a storm drain on Main Street across from
the Mountain Fresh grocery store in December 2000, and it was evident that there was an
unauthorized discharge of sewage to the sorm drain.

Residents have observed periodic occurrences of suspicious substancesin the ssormwater
drainage network of Highlands. Soapy substances, milky white discharges, and petroleum
smells have been noted.
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Section 6
Channel and Riparian Conditions

The characterization of stream habitat and riparian area condition at benthic macroinvertebrate
sampling Sites, described earlier, provides information essentia to the assessment of conditions
in the upper Cullasgja River watershed. However, a perspective limited to a small number of
locationsin awatershed may not provide an accurate picture of overdl 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
channd network of the upper Cullasga River and Mill Creek inthe field. This characterization
iscritical to an evauation of the contribution of loca and regiond habitat conditions to stream
impairment and to the identification of source areas and activities. The results of these efforts
are summarized in this section. See Appendix C for amore detailed description.

6.1 General Approach

During the course of this study project, saff walked dmost the entire channel of the Cullasga
River from Ravene Laketo Mirror Lake (approximatdy 4 miles). Mill Creek was waked from
Lake Ravend to Mirror Lake (approximately 1.4 miles), and much of its main tributary, Satulah
Branch (gpproximately 1 mile), was dso waked. A few other tributaries of the upper Cullasgja
River and Mill Creek were also walked.

Project staff walked the identified sections of channe while carrying out the following tasks:

Observing overadl channd gability, noting specific areas of sediment depostion, severe bank
eroson, evidence of channdization and Smilar attributes.

Observing overdl riparian area condition and the nature of surrounding land use.

|dentifying wastewater discharge pipes, sormwater outfalls, other piped inputs or
withdrawds, and tributary inflows.

Obsearving visud water quaity 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.).

|dentifying specific areas that may be candidates for channel restoration or best management
practices.

Providing digital photo documentation of key festures.

6.2 Channd and Riparian Area Summary

Half of the length of the impaired section of the Cullasga River flows through golf course
communities (Figure 6.1). Here, the mainstem of the Cullasgjaiis impounded three times, and
much of the free-flowing section of the siream runs through golf courses, where it is Sometimes
channelized and has no woody riparian vegetation. The lack of woody vegetation impactsin-
stream habitat in severd ways. Thereisless source of organic microhabitat, such as large wood,
gicks, and leafpacks, and there is less roughness in the stream channel, which can catch sticks
and leafpacks from upstream sources. Woody vegetation also stabilizes stream banks, and where
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there is only grass, banks are often unstable, providing a source of sediment to the creek.
Tributaries to the Cullasga River in the golf course communities are also often impounded and
have the same problems with in-stream habitat within the manicured stream sections.

Like the Cullasga River, Mill Creek isimpounded severd times, with one beaver-made and two
human made impoundments in the low gradient area upstream of US 64. It has very low
gradient, cutting through organic soils, above the upper benthic monitoring ste. Below US 64,
mogt tributaries are smdl and impounded upstiream of their confluence with Mill Creek.
Although woody riparian vegetation has been removed in some areas, a much greater length of
Mill Creek has some riparian forest.

Colonization sources are limited below the beaver pond on Mill Creek (see Figure 5.2). Of the
two largest tributaries, one isimpacted by organic pollutants likely coming from the UST site at
the Town of Highlands' maintenance facility (see Section 5.4.1) and the other may aso be
impacted by thisste. Another tributary serves as the town’s main sormwater channel and
caries high leves of organic pollutants. Mogt of the other smdler tributaries are impounded
above their confluences with Mill Creek.

Excess sedimentation is seen in low gradient aress of both Mill Creek and the CullasgaRiver
and in their tributaries. Although there are some ungtable sections of the Cullasga River in the
golf courses, the banks are generdly not a substantia source of in-stream sediment. It is evident
that upland congtruction is the source of some of this sediment seen in Mill Creek and the
Cullasga River. However, sediment deposition is not a problem for higher gradient areasin
either stream where aguatic invertebrates were sampled. Numerous in-sream impoundments on
the tributaries and mainstems serve as sinks for incoming sediment.
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Figure 6.1. Upper Cullasaja River, In-stream Impoundments, and Golf Course Areas
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Section 7
Analysisand Conclusions

This section presents our andyss of the causes of imparment in the upper Cullasga River
watershed. It discusses the available evidence, based upon information presented earlier in this
report, and provides our eva uation of the most probable reasons for the inadequate biologica
conditions in the streams assessed.  The sources or origin of these key stressors are d'so
discussed.

7.1  Analyzing Causes of Impair ment

The following andys's summarizes and evaluates the available information related to each
candidate cause of impairment in order to determine whether that information provides evidence
that particular stressors play a subgtantial role in causing observed biologica impacts. A
strength of evidence approach is used to weigh the evidence for or against each stressor in order
to draw conclusions regarding which are the most likely causes of impairment. Causes of
imparment may be sngle or multiple. All stressors present may not be significant contributors
to impairment. See the background note “ |dentifying Causes of Impairment”, presented in
Section 1, for additiona discussion.

7.1.1 AFramework for Causal Evaluation—the Strength of Evidence Approach

A ‘grength of evidence or ‘lines of evidence gpproach involvesthe logica evauation of dl
available types (lines) of evidence to assess the strengths and weaknesses of that evidencein
order to determine which of the options being assessed has the highest degree of support
(USEPA, 1998; USEPA, 2000b). Theterm ‘weight of evidence' is sometimes used to describe
this approach (Burton and Pitt, 2001), though this terminology has gone out of favor anong
many in the field because it can be interpreted as requiring a mathemetica weighting of

evidence.

We consider dl lines of evidence developed during the course of the project using alogica
process that incorporates exigting scientific knowledge and best professond judgment in order

to consder the strengths and limitations of each source of information. Lines of evidence to be
considered include benthic macroinvertebrate community data, habitat and riparian area
assessment, chemistry and toxicity data, and information on watershed history, current watershed
activities and land uses and pollutant sources. The ecoepidemiologica approach described by
Fox (1991) and USEPA (2000b) provides a useful set of conceptsto help structure the review of
evidence. The endpoint of this processis a decision regarding the most probable causes of the
observed biologica impairment and identification of those stressors that gppear to be most
important. Stressors are categorized as follows:

Primary cause of impairment. A stressor having an impact sufficient to cause biologica
impairment. If multiple stressors are individually capable of causing impairment, the
primary cause isthe one that is mogt critical or limiting. Imparment islikey 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 thet is having an impact sufficient to cause
biologica imparment but that is not the mogt critica or limiting cause. Imparment islikely
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 severa stressorsthat cumulatively cause imparment. A
primary cause of impairment generdly will not exist. Impairment islikely to continue if the
various cumulative stressors are not addressed. Impairment may potentially be addressed by
mitigating some but not dl of the cumulative stressors. Since this cannot be determined in
advance, addressing each of the stressors is recommended initially. The actud extent to
which each cause should be mitigated must be determined in the course of an adaptive
management process.

Contributing stressor. A stressor that contributesto biologica 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 improvementsin
aquatic communities if accomplished in conjunction with addressing causes of imparmen.
Potential cause or contributor. A stressor that has been documented to be present or is
likely to be present, but for which exigting information isinadequate to characterize its
potentiad contribution to impairment.

Unlikely cause or contributor. A stressor that islikely not present at aleve 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

imparment.
7.1.2 Review of Candidate Sressors

The key stressors evauated during this study of the upper Cullasga River watershed were:

Upper CullasaRiver
Dam impacts, including (1) prevention of downstream colonization of agquatic populations,

(2) lower water levels below dams, (3) changes in temperature and dissolved oxygen, and (4)

change in food type;

Habitat degradation due to sedimentation;

Habitat degradation due to lack of key microhabitat; and
Pedticides.

Mill Creek
Toxicants;
Habitat degradation due to sedimentation; and
Habitat degradation due to lack of key microhabitat.

Additiond potentid stressors, including metas, were identified during the course of watershed
investigations and will be discussed in the following section.

The extended drought that began mid-1998 has decreased flows in the upper Cullasgja River
watershed, with rainfdl only two-thirds of the annua mean in 2000 and 2001. Low flows
themsdlves can stress aguatic invertebrate communities by shrinking aquatic habitat (e.g.,
isolating edge habitat) and changing energy dynamics (eg., dowing riffle current). Low flows
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impacted both watershed and reference streams; edge habitat was unavailablein al streams.
Reference streams were not sorely impacted by this stress, since they gtill maintained diverse and
intolerant benthic communities. It might be expected that dready impacted benthic communities
would be further impacted by this natura stress. However, there was no notable change in
community composition between non-drought and drought years that could be attributed to
drought.

7.1.3 Review of Evidence--Upper Cullasaja River

The Cullasga River from its source at Ravend Lake to Mirror Lake is considered impaired by
DWQ, and data collected during this study confirmsthis. The benthic community in St Rock
Branch is dso severdly impacted, but this stream cannot be rated due to its smdll sze. Each
stressor investigated during this study is evaluated below.

Dam impacts
1) Prevention of downstream colonization of aquatic populations. Invertebrate and fish

communities depend on upstream-downstream movement for colonization. Downgtream drift is
a key mechanism for agquatic invertebrate community maintenance (Waters, 1972; Williams and
Hynes, 1976). There are two main types of drift—one is continuous and can be due to chance
(like an invertebrate becoming didodged from its niche) or part of aregular pattern of

movement. The other type of drift is catastrophic, which is a response to abiotic factors, such as
high flows, pesticides, heated waters, and drought (Brittain and Eikeland, 1988). Stormflows can
scour benthic invertebrates from the subsirate and send them drifting downstream; some flood
events can cause the loss of amgority of individuas within a stream reach (eg., Ryck, 1975).
Recolonization after catastrophic events occurs through a number of mechanisms, with drift
conddered the most important method of colonization (Smock, 1996). If drift sources are
present, recolonization can occur quickly; recovery from floods in asmdl stream in Missouri
occurred within one month (Ryck, 1975).

| n-stream impoundments serve as a barrier to downstream drift. Drifting invertebrates encounter
amuch different environment in apond. With no flow, many invertebrates sink to the bottom,
where the habitat is inappropriate for stream-adapted species, and it is unlikely that they are able
swim up and over atop-spill dam. Within apond, the water iswarmer during the summer, and
fish are a constant source of predation.

The benthic monitoring Ste & US 64 is less than 1/6 of amile below the 10-acre impoundment

in the Highlands Fals Country Club. An unnamed tributary with a hedlthy benthic community
converges with the Cullasga River between the dam and the sampling location; however, this
tributary is aso impounded 1/4 of a mile above the sampling location on the CullasgaRiver.

Any drift colonization must come from the small stream segments between the dams and the
sampling ste. If the benthic communities in these streams are saverdly impacted due to scour
from storms, other catastrophic drift events, or some toxic event, then recol onization depends on
mechanisms other than downstream drift, such as agrid dispersa by adult insects, which can take
along period of time.

Dams dso stop both upstream and downstream migration of fish. The fish community, which
conggts of only one tolerant, non-native species, the redbreast sunfish (McLarney, 2000), is
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essentidly isolated between the dams and alarge drop below the US 64 culvert, and thereisno
source of recruitment of other species. It islikely that the block to colonization is asignificant
gressor for this section of the Cullasgja River.

Many of the Cullasga River' stributaries in the three golf course communities are impounded.
Therefore, thisissue of lack of unimpounded colonization sources is a wide-reaching issue for

the upper Cullasgja River watershed. (See background note, “The Stress-Recovery Cycle’). The
Cullasga River a River Court, which is above the large impoundment in Highlands Falls

Country Club and more than 1/2 of amile below the closest upsiream impoundment, was

sampled in 2000 and 2001. Its community was consstently more diverse than that of US 64,
athough it was gill dominated by taxatolerant of stress. A notable decrease in taxonomic

richness was seen in 2001 a River Court, and this could be due to the scour of recent heavy
gormflows. Recolonization of thisSteislikely hampered by the lack of unimpounded

colonization sources.

2) Lower water levels below dams. There were periods of time during the summers of 2000 and
2001 when there was no flow over the dam at Ravend Lake. At times, there was very littleto no
flow coming from the Cullasga Club into Highlands Falls Country Club, aswdll. Water is

pulled daily from some of the golf course impoundments to irrigate the courses; this lengthens

the amount of time that there is no outflow and decreases the amount of water that does flow

over the dams.

A dry stream bed is an extremdy dressful Stuation for aguetic invertebrates and fish. Many
gudies have demongrated substantia changesin benthic community compaosition due to the
lower water levels of drought (e.g., Canton et a., 1984; Cowx et d., 1984). Lowered water
levels below dams are likely a stressor to biological communitiesin the CullasgaRiver. This
dressislocaized below damsthat are not releasing water; groundwater and tributaries below the
dam eventudly provide flow in the sream. However, this decrease in outflow atificidly lowers
the flow throughout the stream and can stress aguitic invertebrate communities by shrinking
aquatic habitat and changing energy dynamics.

3) Change in temperature and dissolved oxygen. Continuous data loggers were placed above
and below the two largest impoundments on the Cullasgja River during awarm week in
September 2001 while there was flow over the dams. Temperature did increase below the dams,
but there were no notable differences in dissolved oxygen. Anincrease in temperature below
impoundments has been associated with benthic community shifts (eg., Fraey, 1979), and it is
consdered a contributing stressor for the upper Cullasgja River. Benthic community analyss of
samples collected at least 1/5 of amile below any impoundment demongtrates little indication of
low dissolved oxygen impacts. However, low dissolved oxygen levels may occur periodicaly in
short stretches of theriver (such as pools) below dams, especidly when thereislittle or no flow
over thedams. Although there is no evidence that it is a systemwide stressor, low dissolved
oxygen isa potentia stressor for local sections of the stream.

4) Changein food type. Changein food type available to biologicd communitiesislikely
another important impact from the dams in the upper Cullasgja River watershed. Numerous
sudies have documented a distinct change in the benthic community to dominance by organisms
that feed on smdll particulate organic matter and algae below dams (e.g., Ward and Stanford,
1979). Dams hold back coarse particulate organic matter (leaves, sticks, large wood), an
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important food source for benthic invertebrates. Impoundments produce planktonic agae, which
sarve as avery different food type for downstream benthic invertebrates.

Habitat degradation due to sedimentation

Although higtorically listed as a problem parameter on the 303(d) ligt, thereislittle evidence that
sedimentation is a current cause of impairment for the upper CullasgaRiver. Reference streams
(e.g., Big Creek) that hosted diverse benthic communities were often characterized by
comparable amounts of sand and silt, providing evidence that sedimentation did not severdly
limit benthic macroinvertebrates in these streams.  Higtoric logging and condruction activities
amog certainly produced sediment inputs that resulted in the degradation of stream habitat of
the Cullasgja River. Therole of these inputs in past impairment cannot be determined with the
limited higtoric information now available.

“Impairment” in this document is gauged by benthic macroinvertebrate communities. DWQ
benthic collection and andytical methods are geared towards detecting water quality impacts, not
sedimentation impacts. Biologists collect organisms in select habitats (e.g., riffles, edge habitet,
leafpacks) that have varying degrees of sengtivity to sedimentation (see Appendix A for details
on methods). Although sedimentation is reflected by the composition of the benthic community,
sedimentation seen by the public as deleterious may not “impair” the benthic macroinvertebrate
community.

Although excess sediment does not cause impairment in the Cullasga River maingem,
sedimentation is clearly awatershed-wide problem. Tributaries below road or homesite
congtruction (e.g., East Fork Salt Rock Branch) are often highly sedimented, and impoundments
fill a an accderated rate with sand and slt from upstream sources. Itislikdy that sedimentation
was a greater problem for the Cullasgja River in the past due to large-scae clearing of the valey
and upland areas for the timber industry and for golf course and homesite devel opment.

Habitat degradation due to lack of key microhabitat

Organic microhabitat (leafpacks, sticks, and large wood) and edge habitat (root mats and
undercut banks) play very important roles in a sream ecosystem. Organic matter in the form of
leaves, sticks, and other materias provide afood source for microbesin streams and serve asthe
base of the food web for many smdl streams. When microbes feed on organic matter, they
consume oxygen in the process and make nutrients available to primary producers such as plants
and dgee. Macroinvertebrates feed on the microbial community and algae and are, in turn,
consumed by fish.

Certain types of microhabitat serve as specid niches for aguatic invertebrate pecies, providing
food and/or habitat; for example, many stoneflies are found amost exclusively in leafpacks and
on small sticks, and some beetle species prefer edge habitat such as undercut banks. If these
habitat types are not present, there is no place for these specidized invertebrates to live and feed.
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Background Note: The Stress-Recovery Cycle

Eveninrelatively pristine streams, aquatic organisms are exposed to periods of stress. Natural stresses dueto high
flows during storms, low flows during hot dry summer periods or episodic large sediment inputs (e.g., from slope
failuresin mountain areas or breaching of beaver dams) can have significant impacts on stream communities.
Although aguatic 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 themsel ves--often very quickly--by

recol onization from lessimpacted 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 bel ow 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 isimportant aswell.

Without robust mechanisms of recovery, even streams subjected to relatively modest levels of disturbance would be
unable to support the diversity of aquatic organismsthat they often do (Sedell et al., 1990; Frissell, 1997). This

bal ance between local elimination followed by repopulation is critical to the persistence of fish, macroinvertebrates
and other organisms in aguatic 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, aswell 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 watershedsdevel op:

Channel margin and backwater refugiamay be eliminated as bank erosion or direct channel modification
(channelization) make channel conditions more uniform and habitat |ess diverse;

Edge habitat, such as root mats, may be unavailable to biota due to lowered baseflows;

Accessto interstitial and hyporheic areas may be limited by sediment deposition;

I mpoundments may limit or eliminate drift of organisms from upstream and fish migration from downstream;
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 subsegquent degradation
of streamsin adjacent watersheds; and

Fish migration is often limited by culverts or other barriers.

As human activity intensifies, aguatic 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. Itisthe
interaction between these two processes that resultsin the failure of many streams to support an acceptable
population of fish or macroinvertebrates.

Effortsto restore better functioning aguatic communities in degraded streams must consider strategiesto 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 recol onization 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).

Dueto drought, edge habitat was unavailable to aguatic communitiesin reference and upper
Cullasgawatershed streams.  Reference streams still hosted very hedlthy and diverse benthic
communities, despite this lack of edge habitat. Organic microhabitat, however, was abundant in
all reference streams and watershed streams with wooded riparian areas (except Mill Creek).
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Lack of these microhabitats is an important stressor for the upper Cullasgja River ste at River
Court and in Salt Rock Branch.

Pedticides

Chemicd andyss of bassflow samples from one date and sediment samples did not pinpoint any
problematic pesticide levels. Gamma chlordane, an isomer of a chlorinated pesticide, was found
in sediment at aleve that is probably not toxic to aguatic organisms. Bentazon, a herbicide, was
detected at two locations, but at levelsthat are not toxic. Benthic community data do not point to
definite toxic impacts. Impoundments likely serve to mitigate pesticide toxicity; pollutant
concentrations are diluted in the ponds. However, available data are not adequate to fully
characterize pedticide levelsin the Cullasga River. Dueto this limitation and the nature of the
watershed' s land use (half of the watershed above US 64 isin golf course), pesticides cannot be
ruled out as a problem without further sampling. Therefore, they are consdered a potentia
stressor.

Metas

Notable levels of cadmium were found in stormflows and sediment; the sormflow sample hed
four times the benchmark concentration, and the sediment sample was above the conservative
screening range. Because the sediments passed the sediment toxicity test, with no associated
mortality or depressed growth, it is unlikely that cadmium levelsin the sediments are toxic.
Benthic data from the Cullasga River do not pinpoint toxicity as an overwheming factor. The
US Forest Service found smilar cadmium levelsin sedimentsin nearby Scotsmans Creek, which
has alargely forested watershed and hosts a hedlthy aquatic invertebrate community (Richard
Burns, persond communication). It isdifficult to determineif the high cadmium concentration

in the storm sample is problematic, since only the total cadmium concentration was anayzed and
bioavailability could not be evauated. Therefore, cadmium is a potential stressor.

Nutrients

Evidence of high inputs of nutrients has been noted in the East Fork SAt Rock Branch. Heavy
growths of epiphytic agae were noted in the winter of 2001 in thistributary. The benthic
community in Salt Rock Branch was very tolerant to stress, and dthough habitat quaity was a
magor stressor for this community, it islikely that water quality impacts were aso important.

Concluson

Basad on the information collected during this study, a number of dam-related impacts are
consdered cumulative causes of impairment for the biological community of the upper Cullasga
River: 1) the prevention of downstream colonization of aquatic organisms and upstream
migration of fish by dams on the Cullasga River and its tributaries; 2) lower water leves, 3)
increased temperature for locaized areas below dams, and 4) change in food type due to the
trapping of coarse particulate organic matter and input of phytoplankton from impoundments
Lack of organic microhabitat is a cumulaive cause of impairment, aswell. Although historicaly
listed as a problem parameter on the 303(d) list, sediment is not considered a cause of
impairment for the CullasgaRiver. It isanotable problem for some tributaries and many
impoundments in the watershed, however. Pesticides, high levels of cadmium, and low
dissolved oxygen in localized areas due to dams may contribute to the degradation of the bictic
community and are considered potential causes or contributors.
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7.1.4 Review of Evidence--Mill Creek

Mill Creek from its source a Lake Ravend to Mirror Lake is considered impaired. Although
there may be asmal unimpaired section of Mill Creek below Lake Ravend that runs through a
forested riparian areain the Highlands Biologica Station, data collected during this study
confirm that most of Mill Creek isimpaired.

Toxicants

Although there were some benthic taxa tolerant of toxicants, analyss of the benthic community
did not srongly indicate thet toxicity was a problem in the Mill Cresk maingem. However, a

wide range of contaminants was found in the water column and sediment, sometimes &t levels

exceeding published benchmarks.

Cadmium, lead, and zinc were found above screening levelsin sormflow samples from Mill
Creek taken below the town center. However, storm samples with these metal concentrations
passed acute toxicity tests. Itislikdy that these high meta concentrations were not bioavailable,
perhaps bound to particulate matter. The sediment sample aso had levels of cadmium and zinc
that fall within the conservative range of sediment benchmarks, which sgnifiesthat it is possible,
but not probable, that these concentrations adone cause toxicity to aguatic organisms.

Two tributaries to Mill Creek—the main sormwater tributary from Highlands' town center and a
tributary near Highlands' maintenance facility—that were tested for organic pollutants had levels
of sami-volétile or volatile contaminants exceeding levels set by EPA for the protection of

aquatic life. However, grab samples from Mill Creek immediately below these tributaries did

not have not have any detectable levels of organic contaminants.

Although bassflow and stormflow water samples from the Mill Creek mainstem did not have
measurable levels of semi-volatile organic contaminants or pesticides, both the sediments and
semi-permeable membrane devices (SPMDs) provide arecord that these contaminants do come
through Mill Creek. Two chlorinated pesticides thet are likely from past use—dieldrin and DDE
(abreakdown product of DDT)—were found at levels that exceed conservative benchmark levels
for the protection of aquatic life.

Mill Creek at 5™ Avenue (above the town center) was also characterized by atolerant and limited
benthic community. This site was sampled twice in the summer of 2000, when alarge house

was being congructed severa meters from the stream bank (Figure 7.1). Staff observed small
drainage trenches that were dug to the creek from the house. It is possible that runoff or direct
inputs from this congtruction ste impacted the benthic community. Staff noted evidence of paint
dumping at other house Stes dong the creek. This dteisaso below one of the larger tributaries
that is likely impacted by the UST & the Town of Highlands maintenance facility.

Toxic impacts, epecidly if caused by storm inputs, can be very episodic and difficult to identify.
Although evidence suggests that toxicants may be a problem for Mill Creek (e.g., the urban
nature of the watershed, resident complaints about chemica odorsin Mill Creek, sediment and
SPMD data), further monitoring must be performed to determine if toxicants are periodicdly at
high enough levelsin the Mill Creek mainstem to be a direct cause of impairment. Toxicants are
consdered apotentia cause or contributor for the Mill Creek mainstem.
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The impact of toxicants on tributaries likely plays an indirect role in impairment of the maingem
aswdl. Pdllutant levels appear to be high enough to cause toxicity in these tributaries, limiting
their ability to serve as colonization sources for Mill Creek.

e

Figure 7.1 Construction of house on Mill Creek at 5™ Avenue.

Habitat degradation due to sedimentation

Although historicaly listed as a problem parameter on the 303(d) lit, habitat and benthic data
from reference streams and Mill Creek provide no evidence that sedimentation is a current cause
of impairment for Mill Creek. Reference streams (e.g., Houston Branch) that hosted diverse
benthic communities were often characterized by comparable amounts of sand and silt, providing
evidence that sedimentation did not severely limit benthic macroinvertebratesin these streams.
See discussion on sedimentation in Section 7.1.3.

Habitat degradation due to lack of key microhabitat

Likein the Cullasga River, organic microhabitat was limited in Mill Creek (see discusson on
microhabitat above). Thisimportant habitat type was abundant in al reference sreams and
watershed streams with hedthy benthic communities. Due to a hedthy forested riparian area
above Brookside Lane, there are sources of leafpacks, sticks, and large wood; large wood was
common at the monitoring Site, but the smadler habitat types were rare.

Stormflow scour

Mill Creek drains much of Highlands, which has a high proportion of impervious cover. This
imperviousness increases the volume and energy of sormflows, which can scour aguatic
meacroinvertebrates and their associated microhabitats (sticks and |eafpacks) from the stream.
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Lack of colonization sources

Mill Creek has very limited colonization sources. 1t is dammed below the confluence with
Satulah Branch and upstream of the town center. The two larger tributaries below this are likely
impacted by the UST ste a Town of Highlands maintenance facility. Another tributary that
receives much of the stormflow from the town center is dso impacted by organic pollutants. The
amall tributaries, that feed Mill Creek below the town center flow through residentia aress, are
often impounded to creste smdl ponds. These tributaries likely have limited vaue as
colonization sources of benthic macroinvertebrates.

Since Mill Creek is exposed to high energy stormflows that likely scour benthic organisms from
the stream bed and possibly to toxicants from urban runoff, downstream drift of benthic
organismsis avery important mechanism for the maintenance of benthic populations. The lack
of quaity upsiream sourcesislikely akey stressor for the biological community of Mill Creek.

Concluson

A primary cause of impairment was not identified for Mill Creek and may not exist. However,
the available data point to the cumulative impacts of severd stressors. Scour from stormflows
and the lack of upstream colonization sources due to toxicants and in-<ream impoundmentsin
tributaries are consdered cumulative causes of imparment. The lack of organic microhabitet is
congdered a contributing stressor, aswell. Toxicants are a potentia cause or contributor for the
Mill Creek maingem. Stormflows may be responsible for scouring benthic macroinvertebrates
and organic microhabitat from Mill Creek downstream of the town center, and recol onization of
the benthic community after sorms and other catastrophic eventsis limited due to the lack of
upstream sources. It is possible that with further sudy, these stressors could be prioritized and a
key stressor isolated. Although sedimentation has been historicdly listed as a problem parameter
on the 303(d) ligt, it is not consdered a stressor for Mill Creek. It is a notable problem for some
tributaries and many impoundments in the watershed, however.

7.2  Sourcesof Impairment

7.2.1 Upper Cullasaja River

Dam impacts

There are three in-stream impoundments in the Cullasga River and many impoundments dong
tributariesin the watershed. The two larger in-stream impoundments (Ravend Lake and the 10
acre impoundment above US 64) likely have the biggest impact on the biological community.

Lack of organic microhabitat

The lack of key microhabitats is an important stressor for Sat Rock Branch and the Cullasgja
River a River Court. Theremova of the wooded riparian buffer at and upstream of these Sitesis
the source of this problem. Thereisno loca source of leafpacks and wood, since grass borders
both of these gites. Although there are some limited upstream sources of organic métter, thereis
little roughness in these stream channels to catch and hold these key microhabitats. Roughness,
provided by boulders, channd snuousity, and edge vegetation plays the important role of
catching leaves and wood from upstream sources. In addition, dams likely serve as abarrier to
the downstream movement of organic matter such as leaves and wood.
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Pegticides

Gamma chlordane was sampled in sediments, but chlordane, a highly toxic pesticide, hes not
been dlowed for general use since 1988. Thisislikely alegacy contaminant and its presence
from past use. Golf courses can be heavy users of pesticides, using insecticides, fungicides, and
herbicides on their greens and fairways. Herbicides and agacides are used in pondsin the golf
courses, aswell. Residential areasin the golf course communities are dso a source of pesticides.

Cadmium

The sources of cadmium have not been determined. Atmospheric sources of cadmium are likely,
since cadmium isaproduct of fud oil and coa combustion; locd residents use fud ail to heat
their homes and in-state and out- of-state power plants burn cod. Cadmium is often associated
with phosphate fertilizers (USEPA, 1999a), and fertilizer is used on lawns, golf courses, and in
hydroseed mix placed on bare dopes and roadsides. It isaso possible that there are natural
sources of some of cadmium; mineralization of watershed rock can provide concentrated sources
of some metals.

7.2.2 Mill Creek

Peticides
Both dieldrin and DDT (of which DDE is a breakdown product) are chlorinated pesticides that
were banned in the early 1970s. Those measured in the Mill Creek sediments are likely from

past use.

Other organic contaminants

Runoff from Highlands town center and residentid areasis one likely source of organic
contaminants, including polycyclic aromatic hydrocarbons, polychlorinated biphenyls, and other
contaminants. Pollutants build up on roads, parking lots, sdewaks, and roofs and are washed
off into sorm drains and eventualy into Mill Creek during storms. Unauthorized dischargesto
the sorm drain system are dso a possible source of contamination.

Based on the information collected during this sudy, groundwater isimpacting Mill Creek
tributaries. 1n the main sormwaeter tributary from Highlands town center, semi-voldtile organic
compounds are likely from one or more leaky underground storage tanks (USTs). These lesky
USTs may be undocumented. The larger Mill Creek tributary at the Town of Highlands
maintenance facility islikely impacted by the Ste of aformer leeky UST a the facility.

Metas

Cadmium, zinc, and lead are dl common components of urban sormwater (Center for
Stormwater Protection, 2000). These metds are found in fertilizers (USEPA, 1999a), which are
used in resdentid landscaping. Meta roofs and pipes can serve as sources of zinc and perhaps
cadmium. Car exhaugt, tires, and brakes are sources of metas, aswell. Atmospheric sources are
dso likely for both cadmium and lead, since they are by-products of fud oil and cod

combustion. It isalso possible that there are natural sources of some of these metals,
mineralization of watershed rock can provide concentrated sources of some metals.
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Scour
Scour of stream invertebrates and their stream habitat by increased sormflow volume and energy
is due to the high proportion of impervious cover in the Mill Creek watershed.

Lack of organic microhabitat

The lack of organic microhabitat (mainly sticks and leafpacks) may be due to two issues—high
gradient and sormwaeter force. Mill Creek below the town is relaively high gradient, and this
naturdly pushes smdl organic debris through the syssem. Reference streams are dso high
gradient, however, and these smal microhabitats were present in these streams. Since Mill
Creek receives hdf of Highlands stormwater, it has sormflows with much higher volume and
energy, which can push gticks and leafpacks through the system with more force.

The lack of organic microhabitat at the upstream site (51" Avenue) is likely dueto limited
upstream sources and lack of in-stream roughness to catch leaves and gticks.

7.3 Other Issuesof Concern

Excess nutrients are a problem in the watershed. Heavy algd growths were noted by staff in
Eagt Fork Salt Rock Branch, and intense pond management is needed to control aquatic plants
and dgd bloomsin some impoundments in the upper Cullasga River watershed. Staff and other
observers have noted algd problems ssemming from the use of hydroseed mix aong roads and
other areas. The absence of forested buffers dong streams increasesincoming light, likely
further encouraging dga growth. Fertilizer use by resdents and golf courses can dso contribute
to excess nutrients.
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Section 8
| mproving Stream Integrity in the Upper Cullasaja River
Watershed: Recommended Strategies

As discussed in the previous section, a number of stressors are considered contributing causes of
imparment for the Cullasga River, including lack of organic microhabitat and anumber of dam-
related impacts. Low dissolved oxygen in localized areas, cadmium, and pesticides are potential
causes or contributors to impairment. Mill Creek islikely impacted by a set of cumulative
factors, including scour associated with high sormflows and lack of colonization sources due to
toxicants and in-stream impoundments in tributaries. A contributing stressor may be lack of
organic microhabitat. Toxicants are a potential cause or contributor for the Mill Creek
maingtem. 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 Causesof Impairment

The objective of stream quality improvement effortsis to create water quaity and habitat
conditions that can support adiverse and functiond biologica community in thisarea While the
upper Cullasga River watershed contains densaly populated areas and high impact land use, the
watershed has not been so highly modified as to preclude potentia for some improvementsin
dream integrity. A return to pristine conditions that existed prior to human influenceis not
feasble, but the Cullasga River and Mill Creek can potentialy support much hedthier
communities than they do today.

8.1.1 Upper Cullasaja River

Damns

The numerous dams on the Cullasga River and its tributaries impact biologicd integrity ina
number of ways. 1) prevention of downstream colonization of aguetic populations and upstream
migration by fish; 2) change in temperature; 3) artificialy lower water levels, 4) change in food
type; and 5) possible lowered dissolved oxygen in locdized aress.

In order to alow downstream colonization, free flow is required in astream. Beginning at
Ravene Lake, there are three in-stream impoundments on the Cullasgja River above US 64, and
many small tributaries that feed this stream section are impounded, aswedl. The most obvious
solution is to remove the dams aong the Cullasgja mainstem and some of the dams on the
feeding tributaries in order to dlow free movement through the river and provide some tributary
sources of colonization. This solution would be costly, difficult, and imprectica. Preventing the
downstream movement of large amounts of sediment that have been trgpped in the
impoundments would be important. Other solutions could be considered, such as rerouting
streams around in-stream impoundments.

By dlowing for free flow, the other dam-related issues, such as temperature, change in food
type, lowered water levels, and possible dissolved oxygen would be addressed, aswell. If free
flow around the damsis not attained on the upper Cullasga River, minimum releases from
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impoundments could be required in order to assure some minimum flow in theriver bed. This
would at least lessen low flow-related impacts. However, retrofitting damsto alow for
minimum releases would be costly and would not address other significant stressors, such asthe
prevention of downstream colonization, change in food type, and increases in temperature.

A design incorporating dam removal or other options to alow downstream colonization for the
upper Cullasga River above US 64 and itstributaries is beyond the scope of this study. It should
be developed by agroup of stakeholders, including golf course representatives and the Divison
of Water Quality.

Due to the impacts of in-stream impoundments on aguatic communities, the NC Department of
Environment and Natural Resources (NCDENR) should reexamine its policy regulaing in-
stream impoundments. Dams on small Streams often do not require notification of or gpprova
from DWQ under the 401 Certification Program if total fill and flooding associated with the

pond does not exceed 150 feet of dream. Some small stream impoundments are likely
congtructed without any DWQ oversight or knowledge. DWQ currently does not require siream
mitigation for flooding associated with adam; if the affected stream length is greater than 150
feet, mitigation is required for filling only. NCDENR should develop adam policy that protects
the agudtic lifein smal streams and consders the cumulative impacts of multiple damsin a
watershed.

The Divigon of Land Resources regulates dam congtruction and maintenance with their Dam
Safety Program, which has the misson of safeguarding human life and property from damage.
Biologicd integrity of sream communitiesis not afocus of their program, and smal dams are
generdly not regulated unless they cause a potentid hazard downstream. Jurisdictiond dams
(more than 15 feet in height and impounding &t least ten-acre feet) under the Dam Safety Law
can be required to maintain minimum flows, and dams that were built before 1967 are not
exempt from this requirement.

Habitat degradation due to lack of organic microhabitat

A loca source of organic microhabitat can be provided by planting a buffer of native woody
gpecies dong the Cullasga River and its tributaries in the golf course communities above US 64
(see Section 6). Thiswooded buffer will provide edge habitat (root mats, undercut banks) and a
source of organic matter, including leaves, gticks, and larger wood. The edge habitat and larger
wood will provide roughness to catch the smadler organic microhabitat (leaves and sticks). This
solution will benefit the Cullasga River in the golf course aress, including the monitoring Ste a
River Court.

Within the golf courses, some of the stream sections that have been cleared of woody vegetation
are within fairways, where awoody buffer may not be possible. Inthese aress, it is
recommended that large woody debris or boulder clusters be placed in the channel in order to
provide some channd roughness to catch smdler organic microhabitat.

Pegticides and nutrients

The limited pesticide analysis that was performed does not provide evidence that pesticides
occur at toxic levelsin the Cullasga River. However, the nature of the watershed' s land use
(half of the watershed above US 64 isin golf course) impliesthat pesticides have the potentia to
be aproblem. Areagolf courses dready use management practices to lessen the impacts of
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pesticides and fertilizers on surface waters (e.g., integrated pest management, untreated buffer
zones dong waterways). It isimportant that the golf courses diligently implement these
programs and continue to incorporate new methods to prevent pesticide and fertilizer impacts.
Because fertilizer can be a source of heavy metds, reduction of its use may reduce the amount of
metas entering waterways. Becoming fully certified through the Audubon Cooperative
Sanctuary Program for golf courses may be an excellent way to develop a more conservation
oriented management plan.

Further chemical monitoring will be performed by project aff in 2002 to determine the potentia
impacts of these chemicas.

Watershed residents and grounds staff of the golf course communities should be educated about
consarvative pesticide and fertilizer use. Consarvative use of hydroseed mix should be
encouraged.

8.1.2 Mill Creek

Based on the information available, we conclude that scour from stormflows and lack of
colonization sources are the key problems for Mill Creek biota. The lack of organic microhabitat
isacontributing stressor, aswell. Toxicants are an indirect cause of impairment due to their
impacts on tributaries and may directly impact Mill Creek, aswel. The reative importance and
interrelation of these stressors are unclear, however. There are anumber of measures that can be
taken to improve the qudity of Mill Creek, including (1) education, (2) identification and
remediation of groundwater and underground storage tank problems, (3) identification and
elimination of unauthorized discharges to the sormwater drain network, (4) further monitoring,
and (5) sormwater retrofits.

Education

In order to control sources of pollutants, a community education program should be developed,
educating Highlands' business owners and homeowners about responsible fertilizer and pesticide
use. The condruction of in-stream ponds should be strongly discouraged and landowners should
be encouraged to replant stream buffer vegetation dong Mill Creek and its tributaries.

Groundwater and underground storage tank issues

To reduce the input of toxicants, the source of the semi-volatile organic pollutantsin the town's
main sormwaeter tributary should be pinpointed and remediated. The Town of Highlandsis
currently reexamining possible groundwater and surface water contamination near the leaky
underground storage tank (UST) Ste at the town’s maintenance facility. Remediation of
contamination sources may be needed to lessen impacts on locd streams.

Unauthorized discharges to the sormwater network

Another important component of a strategy to reduce input of toxicants from Highlands will be
to identify and remove unauthorized scormwater discharges. These discharges can be quite
variable, ranging from a business floor drain to a sewage pipe connection.
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Further monitoring

Since monitoring in this watershed has only provided limited information on potentia toxicants
and their sources, an essentid first step in restoring Mill Creek is further sampling and source
identification. More surface water monitoring will be performed by project staff in 2002 in
tributaries and mainstem creeks to further isolate problem aress.

Sormwater retrofits

Stormwater retrofits are structural ssormwater measures (best management practices or BMPs)
for urban watersheds intended to lessen accelerated channdl erosion, promote conditions for
improved aguatic habitat, and reduce pollutant loads (Claytor, 1999). They lessen the volume
and energy of sormwater flow, thus, reducing the potentia for scour of aguatic organisms and
their habitat. A range of practices, including avariety of ponds and infiltration gpproach may be
gppropriate depending on specific loca needs and conditions. A key design chdlengeisto
maximize hydrologic mitigation and/or pollution remova potentia while limiting impacts to
infrastructure and existing structures. Highlands' town center should be the priority areafor
sormwater retrofits due to its high imperviousness.

The auite of available structural and nonstructurd retrofit practices to reduce hydrologic impacts
have been discussed widdly in the literature (e.g., ASCE, 2001; Horner et d., 1994) and in Sate
BMP manuds (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 basing);
vegetative practices to promote infiltration (swaes, filter strips);

‘run on’ approaches (regrading) to promote infiltration;

reducing hydrologic connectivity (e.g., redirecting of downspouts);
education to promote hydrologic awareness; and

changes in design/congtruction standards.

Determining which BMPs (or which combination of practices) are most feasible and effective for
aparticular catchment depends on numerous site-pecific and jurisdictiond specific issues,
including: drainage patterns, Sze of potentid BMP location, Sze needed given catchment Size,
soils, location of exigting infrastructure. Consderations in the identification of retrofit Stes are
discussed by Schueler et d. (1991) and Claytor (1999).

Recommendations for specific sormwater retrofit projects are beyond the scope of this
investigation. Specific projects should be identified as part of the development of arestoration
plan for the Mill Creek watershed. This plan should be developed with the input of a broad
based stakeholder group and should consider water quality gods, other water resource concerns
(e.g., flooding), and loca infrastructure issues. Since sormwater retrofits are complex and
expendve, it isimportant that further sampling be performed in Mill Creek in order to identify
gpecific toxicants and their sources.
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EPA has developed a Phase || sormwater program, mandating that smal communities not
previoudy subject to federd stormwater requirements apply for permit coverage. Designated
jurisdictions will be required to develop and implement a comprehensive ssormwaeter
management program, which must indude six minimum measures. 1) public education and
outreach on sormwater impeacts, 2) public involvement/participation; 3) unauthorized discharge
detection and eimination; 4) congruction Site sormwater runoff control; 5) post-congtruction
sormwater management for new development and redevel opment; and 6) pollution
prevention/good housekeeping for municipa operations. In October 2002, the NC
Environmental Management Commission passed atemporary rule governing the implementation
of the Phase Il program in the state. Under this rule, the designation process will be
implemented in accordance with the schedule for development of the Division’s basinwide water
qudity plans. The Little Tennessee River Basinwide Water Qudity Plan will next berevised in
2007. At that time DWQ will evauate whether jurisdictionsin the Little Tennessee River Basin,
including Macon County and Highlands, should be reviewed for inclusion in the Phase 11
program. Regardless of whether Highlandsis eventudly included in the program, it would be
useful for the Town to consider developing a stormwater management program that addresses
the issues included in the minimum program measures listed above.

8.2 Addressing Future Threatsto Stream Integrity

Although excess sediment is not considered a cause of impairment for Mill Creek and the
CullasgjaRiver, it is dill awatershed-wide problem (see Section 6 and 7.1.3). Home building
will continue in steeper areas of the watershed, and roads, driveways, and congtruction steswill
likely provide a significant source of sediment to streams.

Through ordinances, both Macon County and the Town of Highlands have taken significant
steps to control sedimentation and erosion from development (see Section 2.7.1). Regardless of
project size, developers of roads and building sites should be encouraged to adhere to best
management practices that control erosion in steep areas, quickly stabilizing bare areas with
vegetation and limiting development of steeper areas. Roads and driveways with steep grades
(>12%) are difficult to maintain and erode easily (Western North Carolina Tomorrow, 1999);
their congtruction should be discouraged. Eroding road banks can aso be a significant source of
sediment, and devel opers should ensure that these are quickly stabilized with vegetation. New
road construction projects should use gppropriate ssormwater controls to reduce velocities and
sediment impacts. Macon County and the Town of Highlands should continue to examine the
issue of construction on steep dopes and insure that policies provide adequate protection to
streams and lakes from erosion and sedimentation. Both of these loca programs should be well-
funded to insure adequate enforcement of regulations.

8.3 A Framework for Improving and Protecting Stream Integrity

Restoring and protecting streams is not a one shot proposition, but requires an iterative processin
which sequentid actions are taken over time in conjunction with an effort to monitor changesin
stream condition. An organizationa framework for ongoing watershed management in the upper
CullasgaRiver drainageis essentid in order to provide oversght for the implementation of
projects, evauate how current restoration and protection sirategies are working, and to plan for
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the future. While state agencies can play an important role in this undertaking, planning can be
much more effectively initiated and managed & the locd level. Coordination between Highlands
and Macon County and involvement of a broad range of stakeholders are important components
of this process. The Upper Cullasgja Watershed Association, a diverse group of stakeholders
involved in water supply and qudity issues, could play akey role in designing and coordinating
aframework to restore and protect streamsin the upper Cullasgja River watershed.

84  Summary of Recommendations

The following actions are recommended to address current sources of impairment in the upper
Cullasga River watershed, and to prevent future water quaity degradation in the watershed:

Upper CullasgaRiver:
1) A drategy to reduce the impacts of damsin Wildcat Cliffs Country Club, the Cullasga Club,
and Highlands Fals Country Club should be developed, including a plan for accessto

unimpounded colonization sources. |f the problems associated with dams are not addressed,

then the recovery potential for the Cullasaja River islimited and other strategies listed
below will have limited impacts

2) Golf course communities (resdentia areas and golf courses) should plant wooded buffers
along cleared streams, and large woody debris and rock clusters should be placed in the
stream channel where wooded buffers are not planted.

3) Pedticide and nutrient management programs at the golf courses should be evaluated to
determine ways to further decrease the use of these materials and their potential to enter
lakes and streams. Homeowners and landscapers should also be educated about the
responsible use of pesticides, fertilizers, and hydroseed mix.

4) Deveopers should be encouraged to adhere to best management practices that control
eroson in steep aress, quickly stabilizing bare areas and limiting development of steeper
areas. New road construction projects should use appropriate ssormwater controls to reduce
velocities and sediment impacts. Macon County and the Town of Highlands should continue
to examine the issue of congtruction on steep dopes and insure that policies provide adequate
protection to streams and lakes from erosion and sedimentation.

Mill Creek:

1) A watershed education program should be devel oped and implemented with the god of
targeting homeowners, business owners, and loca landscapersin order to reduce impacts on
locd greams. At aminimum the program should include dements to address the following
issues.

a) Importance of riparian vegetation. Landowners should be encouraged to plant netive
woody riparian vegetation aong stream banks and protect current riparian vegetation.

b) Responsble use of pedticides, fertilizers, and hydroseed mix.

C) ldeasfor resdents and businessesto reduce their contribution to ssormwater
volumes—e.g., redirection of downspouts to pervious areas rather than to driveways
or gutters.

d) Theimpactsof in-stream dams.

2) The source of high levels of semi-volatile organic contaminantsin the main sormwater
tributary to Mill Creek should be determined and remediated.
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3)
4)
5)

6)

Pending results from the Town of Highlands study of groundwater contamination near the
town’ s maintenance facility, sources of contamination should be remediated, if appropriate.
Unauthorized discharges to the sormwater system of Mill Creek should be pinpointed and
eiminated.

Stormwater retrofits should be congtructed to control the quantity and quality of ssormwater
delivered to Mill Creek. Highlands town center should be given top priority for retrofits.
Devel opers should be encouraged to adhere to best management practices that control
eroson in seep areas, quickly stabilizing bare areas and limiting devel opment of steeper
areas. New road construction projects should use appropriate slormwater controls to reduce
veocities and sediment impacts. Macon County and the Town of Highlands should continue
to examine the issue of congtruction on steep dopes and insure that policies provide adequate
protection to streams and |akes from erosion and sedimentation.
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