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1 Introduction

1.1 Background

The North Carolina Wetlands Restoration Program (NCWRP) contracted with Buck
Engineering in 2002 to perform a technical assessment of three 14-digit hydrologic units
(HUs) in the Middle Cape Fear River Basin. This work is being completed as part of the
Local Watershed Planning (LWP) initiative that is currently administered by the North
Carolina Ecosystem Enhancement Program (EEP). This Technical Memorandum
presents a discussion of methods and monitoring procedures, summary of field analyses,
and photo log for assessment activities in these watersheds.

The three HUs are parallel drainages to the Cape Fear River and are located within
portions of Chatham, Wake, and Harnett Counties (Figure 1. 1). The total land area for
the HUs totals approximately 180 square miles. The watersheds include parts of the
towns of Apex, Holly Springs, and Fuquay-Varina and the portion of Raven Rock State
Park that is north and east of the Cape Fear River. Major streams in the HUs include:
tributaries to Harris Lake (White Oak Creek, Little White Oak Creek, Buckhorn Creek,
Utley Creek, and Cary Branch), Parkers Creek, Mill Creek, Avents Creek, Hector Creek,
Kenneth Creek, Neills Creek, and Dry Creek.

For the purposes of this study, the three hydrologic units were further divided into
subwatersheds based on their drainage system in order to develop more manageable units
for analysis and management. Using GIS, the three watersheds were divided into 19
subwatersheds, ranging in size from 3.6 to 16.5 square miles. Refer to Technical
Memorandum I for an overview of the project subwatersheds.

The information presented in this memorandum supplements the watershed
characterization that was submitted to EEP in Technical Memorandum 1 (Figure 1.2).
The detailed field data described here will assist in later stages of the project. This
information will be used in the implementation of a model to estimate watershed
response to land use changes. The final product of this effort will be an assessment of
watershed functions, determination of sources of degradation, and identification and
prioritization of watershed management strategies to address functional deficits.
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Figure 1.2 Local Watershed Plan Project Flow Chart

1.2 Watershed Assessment Approach

The assessment of watershed functions requires consideration of processes at both the
watershed and reach-specific scales (Figure 1.3). These processes work together to '
influence water quality, hydrology, and instream and terrestrial habitats. Watershed scale
factors including geology, land use, hydrology, and sediment supply were considered in
the characterization presented in Technical Memorandum 1. Reach-specific factors were
the focus of field data collected for this report and included assessment of channel
condition, streambank stability, and terrestrial habitat.

1.2.1 Stream Functions

One of the most important pieces of reach-specific data collected for this report was the
determination of vertical and lateral stability. Vertical stability is associated with a
stream that is not incising or cutting down below its existing stream bed. Lateral stability
is associated with a stream that is not eroding its banks.
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Figure 1.3 Overview of the Watershed Assessment Approach

Vertical and lateral stability affect the ability of a stream to transport water and sediment.
A stable stream can transport the water and sediment load supplied by its watershed
without significantly changing its character. This ability to transport water and sediment
is vital to the functionality of the stream. Channel instability can occur when scouring
causes the channel to incise (degradation) or excessive sedimentation raises the channel
bed (aggradation). Of the two, incision is the more destructive to the morphology of the
channel.

Figure 1.4 demonstrates the relationships that influence vertical and lateral stability. The
product of sediment load and sediment size is proportional to the product of stream slope
and discharge or stream power (Lane, 1955). Changes to any of the variables may result
in adjustments within the stream channel. For example, in rapidly urbanizing areas of the
study watershed, stream discharge has increased in concert with the increase of
impervious surfaces and storm water drainage. This increased runoff has resulted in
channel incision in these areas, as described later in this report. In more rural areas of the
watershed, upland erosion has caused an increase in sediment load. There was evidence
of channel aggradation at a number of rural study sites.
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Figure 1.4 Factors Influencing Stream Stability (after Lane, 1955)

A stream's ability to transport water and sediment directly affects bedform diversity.
Bedform adjustments such as the creation of riffles, scouring of pools, undercutting of
banks, distribution of bed material, and formation of depositional bedforms occur in
response to the interaction of water flow and sediment within the stream channel.

In turn, bedform complexity affects aquatic habitat. Bedforms, along with organic
matter, provide the instream habitat for fish and benthic organisms. A complex diversity
of bedforms is required to support a diversity of species. Bedform influences the size
range of interstical spaces that provide living space and cover for benthic organisms.
Fish use pools and other bedform features for spawning, breeding, feeding, and growth to
maturity.

1.2.2 Terrestrial Functions

Terrestrial functions are determined by processes at the watershed level including land
use, geology, and soils. The terrestrial assessment included consideration of bank
stability, riparian buffer conditions, and the extent of wetlands. These measures address
both floodplain functions (storing water and sediment, filtering pollutants) and habitat
functions.

Information regarding threatened and endangered species, habitat types, and gap analysis
within the study area can be found in Technical Memorandum 1.
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2 Methods and Procedures

2.1 Overview & Site Selection

Environmental variables related to watershed function were sampled throughout the study
area to produce quantitative measures of stream, wetland, and buffer conditions. Tasks
included watershed delineation, stream classification, longitudinal profile and cross-
section surveys, bed sediment sampling, analysis of the Rosgen bank erosion hazard
index, and evaluation of riparian vegetation. These study components were used to
characterize each study stream's stability, identify areas sensitive to disturbance, and
document the baseline conditions of the stream channel.

Some parameters were collected at regular intervals throughout the watersheds while
others were collected at representative study sites. The 22 study sites were chosen based
on field reconnaissance at all road-crossings of streams throughout the watersheds
(Figure 2.1). Sites were chosen because of how well they represented typical conditions
within the project sub-watersheds. Streams were not necessarily chosen because they
were of high quality; rather, functioning, nonfunctioning, and functioning-but-threatened
study streams were chosen to represent actual conditions and allow for extrapolation to a
sub-watershed level.

2.2 Stream Classification

The purpose of the Rosgen stream classification system (1996) is to categorize streams
based on channel morphology so that consistent, reproducible, and quantitative
descriptions can be made. Through field measurements, variations in stream processes
are clustered into distinct stream types. Rosgen lists the specific objectives of stream
classification as follows:

1. Predict a river's behavior from its appearance.
2. Develop specific hydraulic and sediment relationships for a given stream type.
3. Provide a mechanism to extrapolate site-specific data to stream reaches having

similar characteristics.
4. Provide a consistent frame of reference for communicating stream morphology

and condition among a variety of disciplines and interested parties.

The Rosgen stream classification consists of four levels of detail ranging from broad
qualitative descriptions to detailed quantitative assessments. Level I is a geomorphic
characterization that categorizes streams as A, B, C, D, DA, E, F, or G. Level II is called
the morphological description and requires field measurements. Level II assigns a
number (1-6) to each stream type describing the dominant bed material. Level III is an
assessment of the stream condition and its stability. This requires an assessment and
prediction of channel erosion, riparian condition, channel modification, and other factors.
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Level IV is verification of predictions made in Level III and consists of sediment
transport stream flow and stability measurements. This study incorporates measurements
of Level I, II, and a portion of Level III.

A hierarchical key to the Rosgen stream classification is shown in Figure 2.2: The criteria
and measurements used to classify the stream are discussed below.
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to St- C-Wwdo Ruui.. PA.*OM..Pýa..d PIfdia IMW
bdSn Sft- R.4o-dao WokqCigff1SRWOX15 YW.W.W..I.anod,. Un)

Figure 2.2. Rosgen Stream Classification System (Rosgen, 1996)

The majority of streams in the watershed classify as E channels using the Rosgen
classification system. The E stream types are slightly entrenched, exhibit low width-to-
depth ratios, and have high sinuosities. These streams typically occur in alluvial valleys
with low elevational relief. Although they are often stable systems, the E stream types
are very sensitive to disturbance and can be rapidly adjusted to other stream types over a
short period of time (Rosgen, 1996).

2.3 Bankfull Stage

Bankfull stage and its corresponding discharge are the primary variables used in the
geomorphological assessment of a stream. Bankfull is the incipient point of flooding
where floodwaters leave the active channel and spill onto the floodplain. The bankfull
discharge, known as the channel forming discharge or the effective discharge, is thought

2-3



to be the flow which moves the most sediment over time. Field indicators of the bankfull
stage include the back of point bars, significant breaks in slope, changes in vegetation,
the highest scour line, or the top of the bank (Leopold, 1994). The most consistent
bankfull indicators are the highest scour line and the back of the point bar or lateral bar.
The indicator is rarely the top of the bank, lowest scour mark, or bar.

2.3.1 Bankfull Hydraulic Geometry Relationships (Regional Curves)

Hydraulic geometry relationships are often used to predict channel morphology features
and their corresponding dimensions. The stream channel hydraulic geometry theory
developed by Leopold and Maddock (1953) describes the interrelations between
dependent variables such as width, depth, and area as functions of independent variables
such as watershed area or discharge. These relationships can be developed at a single
cross-section or across many stations along a reach (Merigliano, 1997). Hydraulic
geometry relationships are empirically derived and can be developed for a specific river
or extrapolated to a watershed in the same physiographic region with similar
rainfall/runoff relationships (FISRWG, 1998).

Regional regression curves for bankfull discharge and dimensions were first developed
by Dunne and Leopold (1978) and relate bankfull channel dimensions to drainage area.
A primary purpose for developing regional curves is to aid in identifying bankfull stage
and dimension in un-gaged watersheds and to help estimate the bankfull dimension and
discharge for natural channel designs (Rosgen, 1994). Gage station analyses throughout
the United States have shown that the bankfull discharge has an average return interval of
1.5 years or 66.7% annual exceedence probability on the maximum annual series (Dunne
and Leopold, 1978; Leopold, 1994). Research from the Piedmont of North Carolina have
shown an average bankfull return interval of 1.4 years for rural streams (Harman, 1999)
and 1.3 years for urban streams (Doll, 2000).

2.3.2 Identification of Bankfull Indicators

Bankfull indicators along each study reach were flagged and their elevation above the
current water surface level noted. Once a consistent bankfull indicator was identified,
cross sectional areas at several stable riffles were measured. Figure 2.3 shows a
comparison of bankfull cross sectional areas along the study reaches with the North
Carolina Piedmont urban and regional curves (Doll et al. (2000) and Harman et al.
(1999)). Figure 2.3 shows that riffle cross sectional area for the study sites match well
with the rural Piedmont curve. The points that plot above the rural regression line (closer
to the urban regional curve) are from urbanizing sub-watersheds.
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Project Riffles Overlaid With North Carolina Urban and
Rural Piedmont Regional Curve
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Figure 2.3. Comparison of Bankfull Cross-Sectional Areas at Project Riffles with
the North Carolina Urban and Rural Piedmont Regional Curves (Doll et aL. (2000)
and Harman et al. (1999))

2.4 Stability Assessment

An assessment of channel condition and streambank stability was conducted on each of
the study reaches. Buck Engineering used a modified stream channel stability assessment
methodology developed by Rosgen (2001). This method consists of the following
components:

2.4.1 Channel Pattern

Pattern for each of the study reaches was assessed by measuring the meander width ratio,
radius of curvature ratio, sinuosity, and meander wavelength ratio (Figure 2.4). The
meander width ratio (MWR) is the meander belt width divided by the bankfuill channel
width. The radius of curvature ratio is ratio of radius of curvature to bankfull width. The
meander wavelength ratio is the meander width or belt width divided by the bankfull
channel width. These dimensionless ratios were compared to existing reference reach
data for the same valley and stream type to determine where channel adjustment has
likely occurred due to instability.
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Figure 2.4 Morphological Parameters - Plan View (Dimension)

2.4.2 Stream Profile and Bed Features

A longitudinal profile was created for study reaches by measuring elevations along the
thalweg (lowest point) of the bed, water surface, bankfull, and low bank height along the
reach. Each profile was approximately 20 bankfull widths in length. Profile information
can be used to determine changes in river slope compared to valley slope and facet slope,
which are sensitive to sediment transport, competence (a measure of the heaviest particles
a stream can carry), and the balance of energy.

A longitudinal profile is measured to determine changes in water surface slope along the
entire reach and each facet. Slope changes are directly related to sediment transport
processes. Natural streams have sequences of riffles and pools or steps and pools that
maintain the channel slope and stability. A riffle is a bed feature or facet with gravel or
larger size particles where the water depth is relatively shallow and the slope is steeper
than the average water surface slope of the reach. Riffle/pool sequences are most often
found in streams with mean gradients below 3% (Knighton, 1984). Step/pool sequences
are generally found in higher gradient streams. Steps are vertical or near vertical drops
often formed by large boulders, bedrock knickpoints, or debris jams. Runs are bed
features generally found between riffles and pools. Runs have a slope slightly higher
than the average water surface but with smaller gradients than riffles or steps. Glides are
the only bed feature in which the channel bed slopes uphill from the pool to the riffle.
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2.4.3 Channel Dimension Relations

Two riffle and one pool cross-section were surveyed for each study reach. All cross
sectional measurements depend on determination.of the stream's bankfull stage.
Bankfull verification is discussed in Section 2.3.

Key parameters developed for each cross section included stream width to depth ratio
(W/D), entrenchment ratio (ER), and bank height ratio (BHR) (Figure 2.5). The
relationship of each of these parameters to stream stability is briefly outlined below.

The W/D ratio, the bankfull width of a stream divided by its mean bankfull depth,
provides an indication of departure from stable stream dimension. A cross section with
an increasing W/D ratio over time indicates accelerated stream bank erosion, excessive
sediment deposition, possible stream flow changes, and/or alteration of channel shape.
Table I shows the relationship between the degree of W/D ratio increases and channel
stability developed by Rosgen (2001).

Table 2.1. Conversion of Width/Depth Ratios to Adjective Ranking of
Stability from Stability Conditions (Rosgen, 2001)

Ratio of W/D
Stability Rating Increase

Very stable 1.0
Stable 1.0-1.2
Moderately unstable 1.21 - 1.4
Unstable > 1.4

While an increase in W/D ratio compared to a stable reference channel is associated with
channel widening, a decrease in width/depth ratio can be associated with channel
incision. Hence, for incised channels, the ratio of channel W/D ratio to reference reach
W/D ratio will be less than 1.0. The reduction in W/D ratio indicates increased shear
stress. If this occurs during incision, the channel will make an adjustment toward an
unstable condition.
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Channel Dimension Measurements

BankfuU Elevation is associated with the
channel forming discharge. It is the point
where channel processes and flood plain
processes begin.

Bankfull width: the distance between the
left bank bankfull elevation and the right
bank bankfull elevation

Bankfull mean depth: the average depth
from bankfull elevation to the bottom of the
stream channel

Max depth (dmax): the deepest point within
the cross-section measured to the bankfull
elevation

Width to Depth Ratio: Bankfull width ÷
Bankfull mean depth

Bank Height Ratio: Bank height (measured
from top of bank to the bottom of the
stream channel) ÷the max depth ofthe
bankfull elevation (dmax)

Flood Prone Width: Width measured at the
elevation of two times (2x) the maximum
depth at bankfull (dmax)

Entrenchment Ratio: Floodprone width -
bankfull width

Incised Channel

~~"FLOOD PRONE WIDTH

. . . . . . . . . . . . . . . . . .
-4

.5ANKFULL WIDTHI

Figure 2.5 Morphological Parameters - Cross-Section View (Dimension)
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The BHR is measured as the ratio of the lowest bank height divided by a maximum
bankfull depth. Table 2 shows the relationship between BHR and vertical stability
developed by Rosgen (2001).

Table 2.2. Conversion of Bank Height Ratio (Degree of Incision) to
Adjective Rankings of Stability (Rosgen, 2001)

Stability Rating Bank Height Ratio
Stable (low risk of degradation) 1.0 - 1.05
Moderately unstable 1.06 - 1.3
Unstable (high risk of degradation) 1.3 - 1.5
Highly unstable > 1.5

The ER is calculated by dividing the flood-prone width (width measured at twice the
maximum bankfull depth) by the bankfull width. If the entrenchment ratio is less than
1.4 (+/- 0.2), the stream is considered entrenched and therefore particularly susceptible to
erosion during large flood events because flood flows are transported in the channel
rather than along a wide floodplain (Rosgen, 1996).

2.4.4 Vertical stability

Streambed vertical stability was assessed throughout each study reach by measuring bank
height ratios and entrenchment ratios in the field.

2.4.5 Lateral Stability

The degree of lateral containment (confinement) and potential lateral accretion was
determined in the field by measuring the meander width ratio and Bank Erosion Hazard
Index (BEHI) (Rosgen, 2001) throughout each study reach.

The meander width ratio (MWR) provides insight into channel adjustment processes
depending on stream type and degree of confinement. For example, an E stream type
with a low meander width ratio would indicate that the stream was likely channelized at
some point in the past. Depending on the amount of riparian vegetation, the stream may
work to increase meander belt width through erosional and depositional processes. These
processes are particularly destructive (through bank erosion) if the bank height ratio is
high.

The BEHI integrates measurements of bank height, root depth, rooting density, bank
angle, surface protection, and soil stratigraphy to determine the potential for a stream
bank to erode. BEHI data were collected along both stream banks of study reaches.
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From the field measurements described above, BEHI values were calculated and index
values selected from a rating guide. The index values were summed to provide a bank
erosion potential score. The values were adjusted depending on the bank material as
shown on the rating guide and the site was categorized as having very low, low,
moderate, high, very high, or extreme bank erosion potential.

In addition to the BEHI score, the relative shear stress next to the stream bank was
assessed. This was based both on measurements of stream sinuosity and on a. visual
assessment where stream banks are rated for their relative shear stress based upon their
exposure to high velocity flows during bankfull events. For example, stream banks
located on the inside of a bend were assessed as relatively low areas of shear stress while
banks located on the outside of a bend generally received a high relative shear stress
assessment.

2.4.6 Channel Evolution

Simon's channel evolution model (1989) was used to characterize the incised study
reaches into one or more of following six evolutionary steps: 1) sinuous, premodified, 2)
disturbance, 3) degradation, 4) degradation and widening, 5) aggradation and widening,
and 6) quasi equilibrium (not aggrading or degrading, but vulnerable to change) (Figure
2.6).

2-10



-oversteepened reach I

Sourv Simoum IW.9 US Army Comp ofEninws, 1990.
Fig. 7.14 - Comncl evokid model..

to Sown, Cmd.w Rxa~mfim Pnncape Poinm aiPw~s. an hm 1t".Wwr@=y Sve Resamziw Woddrd CwaW (FtSRWUX)1S Fadu aqpcn of th US)]

Figure 2.6 Channel Evolution Model (Simon, 1989)

2.5 Aquatic and Terrestrial Habitat Assessment

Each study reach channel was evaluated for stream and terrestrial habitat features and
habitat quality based upon the modified Mecklenburg Habitat Assessment Protocol
(CH2M Hill, 2001). Quantitative habitat scores were developed for each reach. Starting
from the downstream end of each study reach, channel habitat was evaluated for instream
cover, benthic substrate, riffle embeddedness, pool substrate, channel alteration, sediment
deposition, riffle and pool frequency, channel flow, and bank stability. These data were
used to determine a qualitative habitat score for each reach. Scores are on a scale of I to
200. These scores are relative measures of stream habitat as the protocol does not have
specific rankings or classifications associated with the quantitative scores. However,
these relative scores provide a basis to compare habitat quality at different sites within the
watershed and are a baseline number to which future habitat conditions may be
compared.
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2.6 Riparian Buffer and Wetland Extents and Conditions

Buffer conditions within 100 feet of all blue line streams (as shown on a US Geological
Survey 7.5 minute quadrangle map) were estimated based on GIS resources. This
general assessment of buffer conditions throughout the study area was then enhanced
with specific field data collected at each study site.

Existing wetlands adjacent to study sites were generally assessed to determine their water
quality and habitat functionality as well as their connectivity with the active floodplain.
For the 11 field sites where mapped National Wetlands Inventory (NWI) wetlands were
present, observed wetland conditions were compared to the extent that appears on NWI
maps. This permitted a limited ground-truthing of the NWI as a resource.

Riparian areas adjacent to each study reach were walked to determine the width and
condition of any stream buffer (intact, stressed, or sensitive), identify adjacent land use /
land cover, and document riparian conditions. The width of existing buffers was noted
and photographs were taken of the immediate riparian zone. Riparian vegetation was
described in terms of species composition, dominant species per stratum layer (canopy,
understory/shrub, vine, herbaceous), and age-class distribution (seedlings, saplings,
mature). Results of buffer conditions were mapped and compared to GIS-generated
estimates.

Results of the general buffer and wetland assessment were used to prepare input to the
watershed Soil and Water Assessment Tool (SWAT) model application. Key model
parameters used for calibration included floodplain hydraulic storage, channel erodibility,
and channel cover.
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3 Reach Results by Subwatershed

Reach results were organized by subwatershed and are presented below and in Figure 3.1.
More detailed data showing reach-specific results are presented in Appendices 1 and 2,
and photos of all sites are included in Appendix 3. The subwatershed summaries provide
detail on a scale relevant to many land management decisions and provide area
descriptions that are being used to calibrate a water quality model for the watershed. Key
hydraulic model inputs parameterized with these data include tributary and main channel
width, mean depth, width to depth ratio, channel slope, channel vegetative cover, and
bank stability.

3.1 Harris Lake & Tributaries

Due to the dominant extent of the Harris Lake impoundment in its watershed, the study
sites within hydrologic unit 03030004020010 are discussed together in this section rather
than by their respective subwatersheds.

Five reaches within the Harris Lake hydrologic unit were chosen as study sites. Drainage
areas for the reaches ranged from 1.7 to 8.9 mi2. Three of the study sites were fairly
stable E channels, with low bank height ratios and forested riparian areas. However, two
of these sites are particularly vulnerable to instability. They are downstream of growing
urban areas (Holly Springs and Apex) and have likely been subject to historic land
disturbance, such as silviculture. Erosional areas are present on the banks of both
reaches.

The two remaining sites are unstable G channels (gulleys). Both reaches have high bank
height ratios that do not allow the stream to access its floodplain during flood events.
The site along Little White Oak Creek is just downstream of US 1 and likely is impacted
by the highway. The Buckhom Creek reach was probably altered in the past.

3.1.1 2WOM1 - Big Branch at Woods Creek Road (SR 1154)

Big Branch of White Oak Creek at Woods Creek Road (SR 1154) is a Rosgen E4 channel
with a drainage area of 3.1 mi2 . The watershed includes part of the Town of Apex and is
bisected by US 1. North of US 1, the watershed is predominantly agricultural with some
residential development in the area around Apex. South of US 1, the watershed is
predominantly forested. Land cover is forested in the vicinity of the study reach.
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3.1.1.1 Overall Assessment of Geomorphic Function

The study reach is vertically stable, as indicated by low bank height ratios and high
entrenchment ratios. The stream exhibits moderate lateral stability. It is well forested
along the streambanks; however, there are areas of erosion on the outside of meander
bends with little vegetation. This is likely due to the tight radius of curvature ratios
associated with this very sinuous reach. The stream bed may have been more laterally
stable prior to the development of Apex.

3.1.1.2 Dimension

The survey results of this reach indicated a Rosgen E4 stream type at three different riffle
locations. "E" channels have a width to depth ratio of less than 12. The three surveyed
cross-sections had bank height ratios of 1.2, 1.1, and 1.0, which are within the range for
vertical stability (Rosgen, 2001). In an E4 stream type, the entrenchment ratio is
expected to be greater than 2.2. Entrenchment ratios on the study reach were greater than
2.2, indicative of a stream with access to a wide floodplain.

3.1.1.3 Pattern

The surveyed section of Big Branch indicated a sinuosity of approximately 2.5. In the
Piedmont of North Carolina this is considered to be very sinuous. Dense root mats are
needed to hold soil in place around tight bends. This vegetation is crucial to the stability
of streams in the Eastern Piedmont and Coastal Plain where sandy, silty soils are
abundant.

3.1.1.4 Profile

This reach has sufficient bedform diversity. There were pools every 60 to 120 feet.
When compared to the width of the bankfull channel, a stable stream generally spaces its
pools within a ratio of approximately three to eight times the bankfull width (Rinaldi and
Johnson, 1997). The study reach had an average pool to pool spacing ratio to bankfull
widths of 6.5, which is within the expected range for a stable stream. The ratio of
maximum pool depth to bankfull depth was 1.9, within the range of stability (Clinton,
2001).

3.1.1.5 Habitat

Productive habitats expected for this particular stream type comprise 50% to 70% of the
reach. The reach received a moderate rating by NCDWQ for benthic habitat in March
2003 for the colonization of insects and snails. Seventy percent of the stream was
embedded with sediment and silt (particle sizes less than 2.0 mm in diameter), which
decreases habitat function.
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The channel appears to have been disturbed at some point, possibly by silvicultural
activities that caused embeddedness, but it is believed this disturbance occurred more
than 20 years ago. A variety of vegetation was present and covered 70% to 90% of the
streambank surface. This vegetative cover is crucial for lateral stability given the
stream's sinuosity of 2.5. However, even with the forested land cover, 50% of the reach
is considered to be moderately eroding.

Sediment from eroding stream banks, as indicated by areas with very high BEHI rating,
are a threat to habitat in this reach as fine materials are introduced and mass wasting
limits vegetative cover from growing on the banks.

3.1.2 2WOT 16 - Little Branch of White Oak Creek at Holly Springs-Apex Road
(SRl153)

Little Branch at Holly Springs-Apex Road, a tributary to White Oak Creek, is a Rosgen
E4 channel with a drainage area of 5.8 mi2. The stream is on the property of a Wake
County Landfill and is adjacent to the Wake County Firearms Education Center and a
Wildlife Resources Commission game land. Its watershed includes part of the Town of
Holly Springs as well as the new NC 55 Bypass. The headwaters have experienced
significant residential growth in the last decade.

3.1.2.1 Overall Assessment of Geomorphic Function

The study reach is vertically stable, as evidenced by low bank height ratios and high
entrenchment ratios. However, the streambanks are exhibiting erosion and the riparian
buffer lacking vegetation in some areas. Although the reach is mostly forested, there is
severe bank erosion on the meander bends. The instability is likely due to historical land
disturbing activities, such as silviculture. There are signs of logging activity within the
past 15 years as indicated by the age of the young hardwood understory.

The reach is a potential candidate for a restoration project. The stream may have been
altered at one time, as evidenced by the automobile parts that were present along sections
of the streambanks in the vicinity of the road. It also appears that there has been flooding
upstream of the road. Water backing up behind the culvert has caused the pavement on
the top of the culvert to warp and buckle.

3.1.2.2 Dimension

The survey results of this reach indicated a Rosgen E4 stream type at two different riffle
locations. The three surveyed cross-sections had bank height ratios of 1.0, which is the
optimal bank height ratio for a stable stream. A bank height ratio of 1.0 means that
bankfull flow events have access to the stream's floodplain. In a stable E4 stream, the
entrenchment ratio is expected to be greater than 2.2. Entrenchment ratios on this reach
were greater than 2.2.
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3.1.2.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.3. Reference
reach conditions show a sinuosity range between 1.2 and 1.5 for stable streams (Rinaldi
and Johnson, 1997). Therefore, the reach is within the range of stability for pattern.

3.1.2.4 Profile

This stream segment has sufficient bedform diversity with many moderately deep pools.
Woody debris is present in the stream and contributes to the number of pools. The water
surface at the bottom of the reach is quite flat due to the presence of several woody debris
jams. The study reach had an average pool to pool spacing to bankfull width ratio of 6.3,
which is within the expected range for a stable stream (Clinton, 2001). The ratio of
maximum pool depth to bankfull depth was 2.1, within the range of stability.

3.1.2.5 Habitat

Productive habitats that are expected for this particular stream type comprise 70% of the
reach. Substrate at this site is primarily gravel, with some sand. In March 2003, the
reach received a moderate rating by NCDWQ for benthic habitat for the colonization of
insects and snails. Fine sediment and silt surround the living spaces around and between
the gravel. The channel was considered to have been disturbed, but it is believed this
disturbance occurred more than 20 years ago. A variety of vegetation is present, but
grasses are the predominant vegetative cover along the streambanks. Densely rooted
vegetation is crucial for lateral stability. The grass-dominated buffer, which comprised
50-60% of the stream reach, was experiencing bank erosion.

Sediment from eroding stream banks, as indicated by streambank blow outs and areas of
very high BEHI rating, are a threat to habitat in this reach as fine materials are introduced
and mass wasting limits bank cover.

3.1.3 2LWOM2 -Little White Oak Creek upstream of Friendship Road (SR 1149)

Little White Oak Creek upstream of Friendship Road is a Rosgen G5c channel with a
drainage area of 1.7 mi2 . The reach is on the property of a Progress Energy Substation.
Construction at the substation was taking place during field visits. The watershed is
primarily forested, although US 1 stretches across the lower portion of the watershed.
There is also some residential development in the headwater areas.

3.1.3.1 Overall Assessment of Geomorphic Function

The surveyed reach is an unstable stream for more than 1,000 feet in length. The stream
reach would be appropriate for a restoration project. The streambanks exhibit significant
erosion. Sediment is impacting aquatic habitat and the presence of lateral bar and point
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bar formation indicates that the stream has a high sediment load. Most of the bed
material sampled was a coarse/very coarse sand mixture. It is likely that these impacts
are due to the proximity of US 1 and other upstream development pressures.

3.1.3.2 Dimension

The survey results of this reach indicated a Rosgen G5c stream type at two different riffle
locations. G5c means that the channel is incised with a slope less than 2% (letter "c")
and a sandy substrate (number "5"). G channels are typically "V" shaped, narrow at the
bottom and wider at the top. When associated with a stream bed substrate which is
easily mobilized, such as sand, this channel shape can lead to significant pressure on the
bed of the channel causing erosive down cutting, habitat loss, and streambank erosion.
Since channel adjustments are constantly occurring in a sand bed G channel, the stream is
most often considered to be in a state of dis-equilibrium and therefore is not stable.

Dense woody vegetation growing on the streambanks can slow lateral adjustments, but
often the stream bed has or will down cut beneath the rooting depth of the woody
vegetation, leaving the stream to continue to adjust, undermining the trees and causing
them to fall into the stream channel.

The two surveyed cross-sections had bank height ratios of 2.3 and 1.9, which are not
optimal bank height ratios for a stable stream because the stream does not have access to
its floodplain during moderate to large flood events. The lack of access to the floodplain
prevents the stream from dissipating the energy associated with high flows. Excess stress
occurs at bank height ratios greater than 1.2 to 1.3 and can be seen in the form of
moderate bank erosion or scour along the toe of the streambank, causing bank sloughing.
In this case, bank height ratios of approximately 2.0 are contributing to the very high and
extreme areas of bank erosion. When the stream rises with runoff from a rain event, the
water is completely contained within the walls of the streambanks. The observed bank
erosion is the result of the increased energy associated with high energy flows.

The anticipated channel succession for this stream reach is Gc-F--)C--)E.

3.1.3.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.7. This is an
unusual sinuosity for a G stream type. Upstream runoff (possibly from US 1 and other
developmental pressures) has increased the flow within the channel and has caused the
down cutting that resulted in a Gc channel with high bank height ratios. Meander width
ratios were 0.5 to 3.6 for the reach. Based on a sinuosity of 1.7, the channel will likely
evolve to an F channel in the near future

This stream has apparently stopped down cutting and has started eroding the stream
banks to build a new floodplain at a lower elevation. Erosion will continue until the belt
width is 2.5 to 3.0 times greater than the bankfull width (Harman, pers. comm.).
Ultimately, vegetation will colonize the floodplain and quasi-equilibrium will likely
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follow. However, this process will take a considerable amount of time under natural
circumstances, and would contribute large amounts of sediment to downstream stream
reaches in the interim.

3.1.3.4 Profile

The slope of a sand bed stream can be used to estimate its vertical stability. If the slope is
greater than 1%, the stream bed is probably experiencing significant down-cutting during
strong flow events. This reach has a slope of 0.3% and showed signs of aggradation (side
bars and point bars). There is a culvert at the downstream end of the reach, providing
grade control.

Sand bed streams do not exhibit the same pool formations as gravel bed streams. Pool
formation and the maintenance of sufficient pool depths in sand bed streams generally
occur as a result of structures or obstructions to the flow within the stream channel.
Woody debris, meander bends, or exposed roots are the most natural causes of scour
pools in sand bed streams. As a result, pools do not occur at the regular geometric
intervals that are seen in gravel bed streams, which in stable situations only have pool
formations on the outside of meander bends in similarly low gradient systems (Knighton,
1998).

There is a culvert at the downstream end of the reach which provides grade control for a
good portion of the reach and prevents further incision. Scour pools are present in this
reach and are caused by woody debris. The average pool depth is not greater than two
times the average riffle depth, which is common for sand bed streams. A possible
conclusion is that there is a heavy sediment regime entering the reach and filling the
pools.

3.1.3.5 Habitat

A habitat assessment performed on this reach indicated that only 50% of the reach
exhibits productive habitats such as woody debris, overhanging vegetation, undercut root
banks, and deep scour pools. The substrate was dominated by sand and stable woody
debris. Ninety percent of the reach was embedded by small grain sand and silt, with
moderate deposition in the pools. A minimal amount of the stream substrate was
exposed. The reach did not appear to have been altered within the last 20 years.

3.1.4 2BM4 - Buckhorn Creek at Sweet Springs Road (SR 1117)

Buckhorn Creek at Sweet Springs Road is a Rosgen G4/5c channel with a drainage area
2of 8.9 mi . This reach is located upstream of Harris Lake. The watershed is

predominantly forested in the vicinity of the lake and developed (residential and
agricultural) in the upstream areas. The reach is located near railroad tracks.
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3.1.4.1 Overall Assessment of Geomorphic Function

The study reach is deeply incised but exhibits only moderate erosion due to the presence
of mature riparian vegetation. Silt deposits were present near the edges of the water
surface. The stream appears to have been straightened for agricultural purposes, as
evidenced by its low sinuosity. Bedform diversity along the reach is limited. The only
surveyed pool occurred at a bedrock outcrop and the reach was almost entirely a series of
runs and riffles. Instream habitat was rated poor due, in part, to severely embedded
substrate.

3.1.4.2 Dimension

The survey results of this reach indicated a Rosgen G4/5c stream type at two different
riffle locations. The two surveyed cross-sections had bank height ratios of 2.5 and 2.6,
which are not optimal bank height ratios for a stable stream because the stream does not
have access to its floodplain during flood events. The lack of access to the floodplain
prevents the stream from dissipating the energy associated with high flows. Excess stress
occurs at bank height ratios greater than 1.2 to 1.3 and can cause moderate bank erosion
or scour along the toe of the streambank, causing bank sloughing. Bank height ratios
around 2.0 are contributing to the very high and extreme areas of bank erosion. When the
stream rises with runoff from a rain event, the water is completely contained within the
streambanks. The observed bank erosion is the result of the increased energy associated
with the flow.

The anticipated channel succession for this stream reach is Gc--*F-C--)E. This stream
was similar to 2LWOM2, but not as far along in the evolutionary process.

3.1.4.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.06. This
means the channel is essentially straight. Straight G channels within the surrounding
landform and topography are not natural. Stable streams typically have gentle meanders
and a stable dimension with regular access to a floodplain. The characteristics of this
particular reach are most likely the result of anthropogenic changes to the stream channel.
The stream will likely continue to seek equilibrium by eroding streambanks to create a
more stable pattern.

3.1.4.4 Profile

The slope of this reach was 0.2%, which means it is a relatively low gradient stream.
Effects of sedimentation were observed in the bi-modal distribution of the reach's
substrate. It is essentially a coarse gravel bed stream that is inundated with sand
particles.
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This stream segment has limited bedform diversity. Runs were the dominant stream
feature. There was a pool every 113 to 404 feet. When compared to the width of the
bankfull channel, a stable stream generally spaces its pools within a ratio of
approximately three to eight times the bankfull width (Rinaldi and Johnson, 1997). This
reach had an average pool to pool spacing ratio to bankfull widths of 8.2, which is
slightly higher than the expected range for a stable stream. Pool to pool spacing is
typically high in G stream types. This relatively straight reach lacks the meander bends
which are typically present in Piedmont streams. Without meander bends in low gradient
streams, pools only form from debris or knick points. The pool cross-section was taken
near a rock outcropping which forms a scour pool. The average pool depths were around
two feet below water surface; one pool had a water surface depth of three feet. These
pool depths are excellent for fish and other aquatic habitats.

3.1.4.5 Habitat

Productive habitats expected for this stream type made up 50% to 70% of the reach. The
riffle substrate was a mixture of gravel and/or stable woody debris. Twenty percent of
the stream is embedded by small sediments (less than 2mm) and silt. Twenty to 50% of
the channel substrate was affected by sand or silt accumulation. There was slight
deposition in the pools as well. Some channel alteration has likely taken place, but
probably occurred more than 20 years ago.

A variety of vegetation was present and covered 70% to 90% of the streambank surface.
The surrounding land cover is forested. The streambanks are moderately stable due the
presence of riparian vegetation, with small areas of erosion or bank slumping. Thirty to
40% of the stream exhibited some erosional areas.

NCDWQ assessed this reach with a low habitat score of 56 due to severe erosion,
numerous breaks in the riparian zone, infrequent riffles, and embedded substrate.

3.1.5 2BT 12 - UT to Buckhorn Creek at Buckhom Duncan Road (SR 1119)

The unnamed tributary to Buckhorn Creek at Buckhorn Duncan Road is a Rosgen E5/1
channel with a drainage area of 1.9 mi 2. The watershed is primarily forested near the
study reach, but is mostly agricultural in upstream areas, as well as some urban
encroachment.

3.1.5.1 Overall Assessment of Geomorphic Function

This study reach was unique for the study area because of its steeper slope and bedrock
controls. Bed material consisted of bedrock with fine to medium sands. Upstream of the
study reach, bed material included cobble. The reach has a low sinuosity, which is likely
due to its topography rather than channelization. This stream is both vertically and
laterally stable due to the presence of bedrock and mature vegetation.
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3.1.5.2 Dimension

The survey results of this reach indicated a Rosgen E5/1 stream type at two different
riffle locations. E5/1 means that the channel is narrow and deep with a gentle slope and a
predominantly sandy substrate (5). However, the gradient of the stream is controlled by
bedrock (1). "E" channels have a width to depth ratio of less than 12. The stream does
not have a very wide floodplain which means that it is slightly entrenched. The surveyed
entrenchment ratios were 2.2 and 4.3.

The three surveyed cross-sections had bank height ratios of 1.2 to 1.4, which are slightly
above the range for vertical stability. Heavy runoff or strong storm flows that are
contained in the channel without access to the floodplain can cause significant stress on
the stream bed and on the streambanks. Excess stress occurs at bank height ratios greater
than 1.2 to 1.3 and can cause moderate bank erosion or scour along the toe of the
streambank, causing bank sloughing.

3.1.5.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.1. The
relatively straight pattern observed on this particular reach is most likely due to the
surrounding topography. The stream is somewhat confined within its valley and bedrock
controls the stream bed.

3.1.5.4 Profile

The topography of the area is not indicative of many of the streams surveyed for this
report. The slope of this reach was 1.1% with bedrock control. If the stream were purely
a sand bed stream, this slope would most likely cause significant problems such as down
cutting of the bed which would result in higher bank height ratios, and entrenchment
ratios.

The bedrock found in this reach is responsible for the steep riffle and flat pools seen in
the profile. The riffle areas are four to eight times steeper than the average water surface
slope. The pools have a flat water surface. They are considerably longer and wider than
other stream segments surveyed. The average pool depth is two feet, which is similar to
what has been observed in other study reaches. The sandy substrate has filled in portions
of the pools.
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3.1.5.5 Habitat

Productive habitats made up 50% of the stream. The substrate was composed of a
mixture of gravel/sand and bedrock. Fine sediment and silt surrounded and filled 25% to
50% of the living spaces around the substrate. Bedrock is an impediment to typical
habitat features since it does not allow for the increased surface area and interstitial
spaces of boulders, cobbles, and coarse gravels. Twenty to 50% of the stream bottom
was affected by deposition with slight deposition seen in the pools. There was no
evidence of former channel disturbance. Seventy to 90% of the streambank surface was
covered by vegetation. The streambanks were moderately stable with small areas of
erosion. Ten to 20% of the streambanks had erosional areas. Land use surrounding the
study reach is forested.

3.2 Parkers Creek Subwatershed

Three reaches along the mainstem of Parkers Creek were chosen as study sites. Drainage
areas for the reaches ranged from 0.8 to 6.3 mi2 . Land use in the Parkers Creek
watershed is predominantly forested and agricultural. The three study sites are fairly
stable E channels, with forested riparian areas. The most upstream site may have been
relocated in the past, but the reach has developed a well-vegetated floodplain that protects
its banks despite low sinuosity. The most downstream site has high bank heights, but is
also protected by well-vegetated banks.

3.2.1 3PMl - Parkers Creek at Wade Stephenson Road (SR 1407)

Parkers Creek at Wade Stephenson Road is a Rosgen E4 channel with a drainage area of
0.8 mi 2. The watershed is predominantly forested and agricultural, with some residential
development along Wade Stephenson Road. The study site was adjacent to a residence
with a large yard, but the rest of the immediate watershed was forested.

3.2.1.1 Overall Assessment of Geomorphic Function

The study teach is stable, despite its low sinuosity. Vertical stability was indicated by
low bank height ratios and high entrenchment ratios. This is often not true because
straighter streams have higher slopes and therefore more energy to erode their bed and
banks. Vertical stability on the reach is a result of a stable watershed upstream and a
culvert below the study reach which provides grade control. The reach is also laterally
stable as evidenced by low bank height ratios and BEHI scores. Lateral stability is
provided by a well vegetated floodplain and is supported by the low banks.
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3.2.1.2 Dimension

The survey results of this reach indicated a Rosgen E4 stream type at two different riffle
locations. E4 means that the channel has low width to depth ratios with a gentle slope
and a gravel substrate. The surveyed cross-sections had bank height ratios of 1.2 and 1.0,
which are within the range for vertical stability. In an E4 stream type the entrenchment
ratio is expected to be greater than 2.2. Entrenchment ratios on the study reach were
greater than 2.2.

3.2.1.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.04.
Therefore the stream is essentially straight. It appears that the stream is a property line
and was probably straightened in the past. The vegetation was thick along the channel,
but was not mature on the left bank.

3.2.1.4 Profile

This stream segment had sufficient bedform diversity. There was a pool every 20 to 75
feet. When compared to the width of the bankfull channel, a stable stream generally
spaces its pools within a ratio of approximately three to eight times the bankfull width
(Rinaldi and Johnson, 1997). The reach had an average pool to pool spacing ratio to
bankfull widths of 3.8, which is within the expected range for a stable stream. The
average pool depths were not more than two feet deep below water surface, but the pool
depth was greater than twice that of the riffle depth. In a straight E4 stream type
obstructions, such as woody debris, are needed to create scour.

3.2.1.5 Habitat

Productive habitats expected for the stream type were seen in 70% of the reach. The
substrate was composed of a mixture of small cobble and coarse gravel. Twenty percent
of the stream is imbedded with small sediments less than 2mm in diameter and silt.
There appears to have been very little channel alteration, and any alterations occurred
more than 20 years ago. Riffles were present, and less than 25% of the channel substrate
was exposed. A variety of vegetation was present and covers 70% of the streambank
surface with a few barren areas. The right bank is manicured grass, while the left bank is
forested. NCDWQ assessed this reach with a high habitat score of 85 due to little erosion
and good canopy cover (since such a small stream), combined with a rocky substrate that
was not embedded.

3.2.2 3PM2 - Parkers Creek at Ball Road (SR 1450)

Parkers Creek at Ball Road is a Rosgen C/E4 channel with a drainage area of 3.9 mi2.
The watershed is predominantly forested and agricultural with some residential
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development along roadways. Land use adjacent to the study reach is forested, although
it appears to have been previously altered for agricultural or silvicultural purposes.

3.2.2.1 Overall Assessment of Geomorphic Function

The study reach is moderately stable, although there are a few areas with severe bank
erosion. Downstream of these areas, the relative amount of erosional areas decreases.
Mid channel bars have formed in some locations. The stream is fairly sinuous, with an
adequate pool and riffle sequence. There were also some good point bars present.

3.2.2.2 Dimension

The survey results of this reach indicated a Rosgen E4 stream type at the upstream riffle
and a C4 at the more downstream location. The C4 cross section appears to be wider
than is typical for the study reach due to the presence of a bedrock outcropping on the
bank. Therefore the E4 riffle was accepted as the more relevant measurement. The
average width to depth ratio for the reach was 12.1, indicating that the stream could be
classified as an E or C channel. The two surveyed cross-sections had bank height ratios
of 1.4 and 1.6, which are not considered to be vertically stable. Heavy runoff or strong
storm flows that are contained in the channel without access to the floodplain can cause
significant stress on both the stream bed and streambanks. Excess stress occurs at bank
height ratios greater than 1.2 to 1.3 and can be seen in the form of moderate bank erosion
or scour along the toe of the streambank, causing bank sloughing.

3.2.2.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.4. This is
within the range of stability for this particular stream type. Reference reach conditions
from stable streams show a range between 1.2 and 1.5 for sinuosity. Vegetation is crucial
to stability in a sinuous stream. This reach has an adequate vegetated wooded buffer
where the root density is deep enough to maintain its meander pattern.

3.2.2.4 Profile

Pool formation occurred on the outside of meander bends in this reach. This is ideal from
a habitat standpoint because the bends generate minor scour against the rooted bank.
This minor scour creates undercut root banks which serve as excellent aquatic habitat for
macroinvertebrates and fish. Pools were two to three feet below the bankfull elevation
within the surveyed section, twice the mean depth of the riffles, another positive indicator
for aquatic habitat and stream stability. There was adequate bedform diversity within this
stream reach.

3-13



3.2.2.5 Habitat

Productive habitats expected for this stream type were present in 70% of the reach. The
substrate was dominated by cobble, coarse gravel, and sand. Fine sediment (less than
2mm) and silt surrounds and fills 50 to 70% of the living spaces around and in between
gravel and cobble. Fifty to 65% of the stream bed is affected with moderate deposition in
pools. Habitats are smothered by sand, silt, and fine gravel. Water reaches the base of
both lower banks and a minimal amount of substrate is exposed. Signs of channel
comprise less than 10% of the surveyed section and likely occurred more than 20 years
ago. Vegetation surrounding the streambanks is densely wooded forest.

NCDWQ noted a location with massive bank failure during their assessment. They
assessed this reach with a habitat score of 63, relatively low compared to other reaches in
this hydrologic unit.

3.2.3 3PM3 - Parkers Creek off gravel road at end of Thomas Steed Lane (SR 1418)

Parkers Creek near Thomas Steed Lane is a Rosgen E4 channel with a drainage area of
6.3 mi 2. Compared to the upstream study sites on Parkers Creek, the immediate
watershed is considerably more forested. The surrounding land is owned by
Weyerhaeuser, a forest products company. It does not appear that logging has occurred
near the study site in more than 10 to 15 years.

3.2.3.1 Overall Assessment of Geomorphic Function

This reach has good habitat and stable banks, although the bank height ratios are high.
From the photos and cross sections, the slopes of the banks seem to be low and vegetative
cover is good. These features help to maintain channel stability. Sinuosity is within the
range of stability and the stream exhibits sufficient bedform diversity. The substrate is
composed of a mixture of cobble and gravel, with very little embeddedness. Sediment
deposition was not observed in the pools.

3.2.3.2 Dimension

The survey results of this reach indicated a Rosgen E4 stream type at two different riffle
locations. E4 means that the channel has low width to depth ratios with a gentle slope
and a gravel substrate. The two surveyed cross-sections had bank height ratios of 1.4 and
1.5, which are not considered to be vertically stable. Heavy runoff or strong storm flows
that are contained in the channel without access to the floodplain can cause significant
stress on the stream bed and on the streambanks. Excess stress occurs at bank height
ratios greater than 1.2 to 1.3 and can be seen in the form of moderate bank erosion or
scour along the toe of the streambank, causing bank sloughing.
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In an E4 stream type the entrenchment ratio is expected to be greater than 2.2.
Entrenchment ratios on this reach were greater than 2.2. Even though a hillslope
encroached on the floodplain of the left bank, the stream had adequate access to a
floodplain along the right bank.

3.2.3.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.3. This is
within the range of stability for this particular stream type. Reference reach conditions
show a range between 1.2 and 1.5 for sinuosity. Vegetation is crucial to stability in a
sinuous stream. This reach has an adequate vegetated wooded buffer where the root
density is able to maintain the meander pattern exhibited in this reach.

3.2.3.4 Prqfile

This stream segment had sufficient bedform diversity. There was a pool every 55 to 150
feet. When compared to the width of the bankfull channel, a stable stream generally
spaces its pools within a ratio of approximately three to eight times the bankfull width
(Rinaldi and Johnson, 1997). This reach had an average pool to pool spacing ratio to
bankfull widths of 4.5, which is within the expected range for a stable stream. The
average pool depths were not more than two feet deep below water surface, but the pool
depth was greater than twice that of the riffle depth.

3.2.3.5 Habitat

Productive habitats expected for the stream type comprised more than 70% of the stream
reach. All habitat types were common. The substrate was composed of a mixture of
cobble and gravel with stable woody debris. There was little or no embeddedness present
by fine silt and/or sediment surrounding and covering rocks. Very little sediment
deposition was noted in the pools. There was no evidence of channel alteration. A
variety of vegetation was present and covered 70 to 90% of the streambank surface.
Some open areas with unstable vegetation were present, but accounted for less than 10%
of the total, reach length. Less than 10% of the banks were affected by erosion.

3.3 Avents Creek Subwatershed

Three study sites were selected in this subwatershed: a mainstem reach along Avents
Creek and two tributaries, including Mill Creek. Drainage areas for the reaches ranged
from 0.7 to 9.5 mi 2. Land use in the subwatershed is primarily forested and agricultural.
Two of the three study reaches were classified as E channels. The most upstream site
was moderately unstable, likely due to straightening of the channel in the past. The
mainstem site outside Raven Rock State Park was very stable, with bedrock control and
adjacent forested land use. The Mill Creek study site was likely impacted by silviculture
historically, as evidenced by its "bowl" shape; however, the dense riparian vegetation is
having a positive impact on the stream as it evolves towards a higher state of stability.
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3.3.1 3UATl6 - UT to Avents Creek at Revel Road (SR 1427)

The unnamed tributary to Avents Creek at Revel Road is a Rosgen E4 channel with a
drainage area of 0.7 mi . Its watershed is primarily agricultural with some residential
development and forested areas. The reach runs alongside the yard of a private residence.

3.3.1.1 Overall Assessment of Geomorphic Function

While this study reach is vertically stable, as evidenced by low bank height ratios, it has a
straight channel, and lacks both sufficient bedform diversity and an adequate riparian
buffer. The stream was likely moved to the edge of an agricultural field sometime in the
past. There are areas of moderately unstable streambanks where erosion is present,
indicating lateral instability.

3.3.1.2 Dimension

The survey results of this reach indicated a Rosgen E4 stream type at two different riffle
locations. E4 means that the channel is narrow and deep with a gentle slope and a gravel
substrate. The two surveyed cross-sections had bank height ratios of 1.0 which is
considered to be the optimal value for vertical stability. A bank height ratio of 1.0
means that bankfull flow events have access to the stream's floodplain. In an E4 stream
type, the entrenchment ratio is expected to be greater than 2.2. Entrenchment ratios on
this reach were greater than 2.2.

3.3.1.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.1. This is
slightly below the range of stability for this stream type. Reference reach conditions
show a range between 1.2 and 1.5 for sinuosity.

3.3.1.4 Profile

This stream segment does not have sufficient bedform diversity. Pools are shallow and
not fully developed, meaning that there is not a significantly deepei" section between runs
and glides. This lack of bedform diversity can most likely be correlated with the low
observed sinuosity. Without meander bends, stable woody debris, or steep riffles to
create scour, pool formation is minimal. The average pool depths were not more than
two feet deep below water surface, and the pool depth was not greater than twice that of
the riffle depth.

3.3.1.5 Habitat

Productive habitats expected for this stream type made up 50 to 70% of the reach. The
substrate was predominantly coarse gravel with some small cobble and some sand. Fine
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sediment and silt surrounded and filled 25 to 50% of the living spaces around and in
between the gravel. Twenty to 50% of the stream bed substrate was affected by sand or
silt accumulation and there was slight deposition in the pools. Seventy percent of the
streambank surface was covered by vegetation, which was typically composed of grasses
and forbs rather than deep-rooted vegetation.

The reach was likely moved to the edge of the adjacent row-crop field. Land cover is
manicured lawn along the left bank and an old field along the right bank. There are areas
of moderately unstable streambanks and some visible bank slumping.

3.3.2 3LAM2 - Avents Creek at Cokesbury Road (SR 1403)

Avents Creek at Cokesbury Road is a Rosgen E4/1 channel with a drainage area of 9.5
mi 2. Its watershed is primarily agricultural and forested, with most of the forested areas
along streams. The study reach is in a very rural area near Raven Rock State Park.

3.3.2.1 Overall Assessment of Geomorphic Function

This reach is vertically and laterally stable, with low bank height ratios, sufficient
sinuosity, and good riparian vegetation. The stream has bedrock controls which may
account for its lack of bedform diversity. Little embeddedness was observed, indicating
good instream habitat. Point bars have formed and exhibit recent deposition. Vegetation
was mostly forested (more than 20 years from last disturbance) with riparian buffers
more than 50 feet wide.

3.3.2.2 Dimension

The survey results of this reach indicated a Rosgen E4/1 stream type at two different
riffle locations. E4/1 means that the channel is narrow and deep with a gentle slope and a
gravel substrate with bedrock influence that affects grade control. Cobble is also present
but is not the dominant particle size class. The two surveyed cross-sections had bank
height ratios of 1.0 which is considered to be the optimal value for vertical stability. A
bank height ratio of 1.0 means that bankfull flow events have access to the stream's
floodplain. In an E4 stream type the entrenchment ratio is expected to be greater than
2.2. Entrenchment ratios on this reach were greater than 2.2.

3.3.2.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.3. This is
within the range of stability for this particular stream type. Reference reach conditions
show a range between 1.2 and 1.5 for sinuosity.
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3.3.2.4 Profile

This stream segment does not have sufficient bedform diversity. The main pool through
the surveyed reach was shallow and not fully developed, meaning that there was not a
significantly deeper section between the run and the glide. This pool was 140 feet long,
and its maximum depth was 2 feet. The last pool on the reach was over 3 feet deep and
had excellent habitat. Runs are the dominant stream feature on this reach. From the
standpoint of bedform diversity this is not ideal. The lack of bedform diversity is most
likely a result of the bedrock influence. Bedrock has provided grade control for the reach
which is a good from a stability perspective, but has created a riffle/pool sequence that is
less than optimal.

3.3.2.5 Habitat

Productive habitats expected for this stream type were present and comprise greater than
70% of the reach. The substrate was a diverse mixture of gravel, cobble, sand, and
bedrock. It was approximately 40% embedded by sand less than 2mm in diameter. The
channel was likely straightened near the road. Bends and combinations of riffle/runs and
glide/pools were more frequent further downstream. Water reached the base of both
lower banks and there was a minimal amount of channel substrate exposed. Vegetation
covered more than 90% of the streambank surface. The surrounding land cover is
forested. Less than 10% of the banks were affected by erosion.

3.3.3 3LAT7 - Mill Creek at River Road (SR 1418) outside Raven Rock State Park

Mill Creek at River Road is a Rosgen C/Bc channel with a drainage area of 2.7 mi 2. The
surrounding land is owned by Weyerhaeuser, a forest products company. The study site
is just outside Raven Rock State Park. Its watershed is primarily agricultural and
forested, with most of the forested areas located along streams. Agricultural land uses are
more prevalent upstream within the watershed; areas immediately adjacent to the study
reach are predominantly forested.

3.3.3.1 Overall Assessment of Geomorphic Function

Cross-sections along the study reach were classified as Rosgen "B" type streams, which
are generally found in areas with steeper slopes where energy is dissipated through a
series of step-pools. The Bc classification is due to the stream's entrenchment ratio. The
slope is similar to that of an E or C, therefore the "c" subscript is assigned to the
classification. The dense vegetation observed in this area is having a positive impact on
the stability of the stream. Historically the stream was probably severely degraded by
more destructive forms of land use, such as silviculture. Without adequate vegetation to
stabilize the stream, it likely went through a series of adjustments or successional stages
of degradation and now appears to be trending towards stability.
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3.3.3.2 Dimension

The survey results of this reach indicated a C/Bc stream type. This means that the stream
has a relatively small floodplain and width to depth ratios greater than twelve. "B"
channels are wide and shallow at the bottom and grow increasingly wider towards the
tops of the streambanks. Past erosion of the streambanks produced a bowl-shaped valley
inside a former alluvial valley.

The two surveyed cross-sections had bank height ratios of 2.2 and 2.3, which are not
optimal bank height ratios for a stable stream. Heavy runoff or strong storm flows that
are contained in the channel without access to the floodplain can cause significant stress
on the stream bed and on the streambanks. Extreme stress occurs at bank height ratios
greater than 2.0 and can be seen in the form of significant bank erosion. In a situation
where bank height ratios greater than 2.0 are combined with entrenchment ratios less than
2.0, the stream does not have access to its floodplain during strong storm flows and banks
are relatively steep. Entrenchment ratios for this stream were 1.4 and 1.6, which means
the stream is moderately entrenched and cannot dissipate the energy associated with high
storm flows.

3.3.3.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.6. This is
slightly above the range of reaches that were stable in the region. Reference reach
conditions show a range between 1.2 and 1.5 for sinuosity. This stream was classified as
C/Bc based on dimension; however, the stream pattern is more typical of a meandering
stream type. The classification chart does not completely encompass every scenario.
The slightly elevated sinuosity is not causing any adverse effects on stream stability.

3.3.3.4 Prqfile

This stream segment had sufficient bedform diversity. There was a pool every 75 to 110
feet along the surveyed reach. When compared to the width of the bankfull channel, a
stable stream generally spaces its pools within a ratio of approximately three to eight
times the bankfull width (Rinaldi and Johnson, 1997). The study reach had an average
pool to pool spacing to bankfull widths ratio of 4.1, which is within the expected range
for a stable stream. The average pool depths were not more than two feet deep below
water surface, but the pool depth was greater than twice that of the riffle depth. The
water surface slope was 0.6%.

3.3.3.5 Habitat

Productive habitats made up more than 70% of the reach with many habitat types present.
The substrate was composed of cobble and coarse gravel. Less than 20% of the reach
was affected by sedimentation with sediment accumulation in the pools only. Water
reached the base of both lower banks and there was a minimal amount of channel
substrate exposed. Ninety percent of the streambank surface was covered by
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native/natural vegetation. Less than 10% of the streambanks were affected by erosion.
The land cover is forested on both sides of the stream.

3.4 Hector Creek Subwatershed

Three study sites were selected in this subwatershed: a mainstem reach along Hector
Creek and two tributaries, including Coopers Branch. Drainage areas for the reaches
ranged from 0.2 to 17.3 mi2 . Land use in the subwatershed is primarily forested and
agricultural, with some residential areas. The three study reaches were fairly stable with
good riparian vegetation. The unnamed tributary to Hector Creek was laterally and
vertically stable upstream, but became incised as it approached its confluence with
Hector Creek.

3.4.1 3LHT4 - Coopers Branch at Kipling Road (SR 1403)

Coopers Branch at Kipling Road is a Rosgen C4 channel with a drainage area of 2.1 mi2.
The watershed is predominantly forested and agricultural. Surrounding land use was
mainly forest, with scattered residential areas.

3.4.1.1 Overall Assessment of Geomorphic Function

The study reach is not actively down cutting, due in part to bedrock control and the
presence of dense riparian vegetation. Although there is sufficient instream habitat, there
are large, deep silt deposits in the pools and some bar formation, which can be a sign of
aggradation. Bank height ratios are relatively high, indicating some lateral instability
because larger flows do not have access to a floodplain to dissipate energy.

Special note: The landowner expressed interest in preservation.

3.4.1.2 Dimension

The survey of this stream indicated a Rosgen C4 stream type. This means that the stream
is wide and shallow with a gentle slope, meandering pattern, and gravel substrate. A C-
type channel is considered to have a width to depth ratio greater than 12. This reach had
width to depth ratios between 16.3 and 16.7. Most of the streams surveyed in the Middle
Cape Fear have narrow and deep channels. The wider channel may encourage the
formation of large point bars and other depositional features associated with aggradation.

The two surveyed cross-sections had bank height ratios of 1.4 and 1.5, which are not
considered to be the optimal value for vertical stability. A bank height ratio of 1.0
means that bankfull flow events have access to the stream's floodplain. Heavy runoff or
strong storm flows that are contained in the channel without access to the floodplain can
cause significant stress on both the stream bed and streambanks. Excess stress occurs at
bank height ratios greater than 1.2 to 1.3 and can be seen in the form of moderate bank
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erosion or scour along the toe of the streambank, causing bank sloughing. In a C4 stream
type, the entrenchment ratio is expected to be greater than 2.2. Entrenchment ratios on
this reach were greater than 2.2.

3.4.1.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.8. This is
above the typical range of reaches that were stable in the region. Reference reach
conditions show a range between 1.2 and 1.5 for sinuosity. The reach is currently stable
because of the influence of bedrock on the stream channel. However, even with bedrock
influence, the riparian buffer is especially critical to maintaining stability on such a
sinuous reach. If the rooting depth and density are disturbed due to poor riparian zone
management, bank heights will likely increase and the stream will not be able to dissipate
energy during high flow events. As a result, the stream banks may undergo significant
adjustment.

3.4.1.4 Profile

This stream segment had sufficient bedform diversity and a slope of 0.1%. There was a
pool every 100 to 130 feet. When compared to the width of the bankfull channel, a stable
C4 stream generally spaces its pools within a ratio of five to seven times the bankfull
width. The study reach had an average pool to pool spacing to bankfull widths ratio of
five, which is within the expected range for a stable stream. The average pool depths
were more than two feet deep below water surface, and the pool depth was greater than
twice that of the riffle depth.

3.4.1.5 Habitat

Productive habitats are present for 60% of the reach. The substrate is composed of a
bimodal distribution of very coarse gravel and fine sand. The fine sand filled the
interstitial living spaces around and between the gravel and cobble to a minimal degree of
25% or less with some silt accumulation in the pools. Water reaches the base of both
lower banks and a minimal amount of substrate was exposed. A variety of vegetation
was present and covered 90% of the streambank surface. Some open areas with unstable
vegetation were present. Evidence of channel disturbing activities was present, but these
activities likely occurred more than 20 years ago. Approximately 10% of the stream
banks were affected by erosional processes.

NCDWQ assessed the habitat score of the study reach as 86. This was one of the higher
habitat scores assessed as part of this project.

3.4.2 3LHT8 - UT to Hector Creek at Christian Light Road (SR 1412)

The unnamed tributary to Hector Creek at Christian Light Road is a Rosgen E5 channel
with a drainage area of 0.2 mi 2. This small stream is adjacent to Christian Light Road for
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the majority of its length and upstream portions of the stream appear to have been
channelized. As the stream enters the Hector Creek floodplain, it flows away from the
road and through a pasture where it is relatively unconstrained until its confluence with
Hector Creek. Aside from the road drainage, the watershed is a mix of forested areas and
pasture land.

3.4.2.1 Overall Assessment of Geomorphic Function

The stream was surveyed closer to the confluence with Hector Creek than originally
planned so that survey results would capture the transition of the stream from a stable to
unstable channel as it drops off of Hector Creek's broad floodplain near the confluence.
Above the confluence the stream is laterally and vertically stable, but exhibits moderate
vertical instability as it nears the lower grade of the Hector Creek channel. Impervious
surface from the road likely results in flashy flows within the tributary that contribute to
its instability near the confluence.

3.4.2.2 Dimension

The survey results of this reach indicated a Rosgen E5 stream type at the most upstream
riffle location. The median particle was coarse sand. At the lower end of the study reach,
the channel was incised and the cross section indicated a G5 channel with a bank height
ratio of 2.2 and an entrenchment ratio of 2.0. Although the entrenchment ratio is higher
than typically classified for a G channel, the G classification was chosen due to the cause
of the incision and the valley morphology. This lower section of the reach is unstable.
However, roots from mature trees on the banks of the tributary offer significant
protection to the upstream reach and provide both lateral and vertical stability to the
majority of the study area.

3.4.2.3 Pattern

The surveyed section of this reach indicated a sinuosity of just less than 1.2. Reference
reach conditions show a range between 1.2 and 1.5 for sinuosity. This means that the
reach was relatively straight and on the low end of conditions typically found to be stable.
However, the stream is more sinuous immediately upstream of the study reach. The low
observed sinuosity is likely due to channelization of the stream in the past for agricultural
purposes.

3.4.2.4 Profile

The study reach had good bedform diversity. Pools are formed by meander bends at the
top of the reach and by scour around tree roots near the confluence with Hector Creek.
The study reach had an average pool to pool spacing ratio to bankfull width of 16.5,
which is high. However, pool to pool space above the confluence with Hector Creek was
within the expected range for a stable stream.
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3.4.2.5 Habitat

The stream demonstrated relatively good habitat throughout the study area with a
quantitative score of 135 points. Since animals are not fenced out of the stream, habitat
may be threatened by pasture management practices.

3.4.3 3LHM3 - Hector Creek at Christian Light Road (SR 1412)

Hector Creek at Christian Light Road is a Rosgen E4/3/1 channel with a drainage area of
217.3 mi . The watershed is primarily forested with some agricultural land use and limited

residential development. Surrounding land use is forest and agriculture, but with no
cattle access at this location.

3.4.3.1 Overall Assessment of Geomorphic Function

The study site is both vertically and laterally stable with low bank height ratios and well-
vegetated streambanks. However, sinuosity is low. It is likely that the stream was
channelized in the past and is in the process of recovery. There were only a few areas of
erosion observed.

3.4.3.2 Dimension

The survey results of this reach indicated a Rosgen E4/3/1 stream type at two different
riffle locations. The "4/3/1" indicates that the stream had a tri-modal distribution of
substrate material influencing the bedform of the stream. The median particle was coarse
gravel. Small cobble was also abundant as well as bedrock.

The two surveyed cross-sections had bank height ratios of 1.0, which is considered to be
the optimal value for vertical stability. A bank height ratio of 1.0 means that bankfull
flow events have access to the stream's floodplain. In an E4 stream type, the
entrenchment ratio is expected to be greater than 2.2. Entrenchment ratios on this reach
were greater than 2.2.

3.4.3.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.03. This
sinuosity is well below the values observed on stable streams. Reference reach
conditions show a range between 1.2 and 1.5 for sinuosity. The low sinuosity is likely
due to the stream having been channelized in the past for either agricultural or
silvicultural purposes.
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3.4.3.4 Profile

This stream segment does not have sufficient bedform diversity. The reach was most
likely channelized in the past and, as a result, there are few areas where pools can form.
Bedrock has an influence on a number of the pools. The riffles were steeper than the
overall water surface with a 0.6% slope as compared to a slope of 0.2%. A shallow pool
that might also be characterized as a run overwhelmed the first half of the reach,
stretching for about 145 feet. When compared to the width of the bankfull channel, a
stable E4 stream generally spaces its pools within a ratio of approximately three to eight
times the bankfull width (Rinaldi and Johnson, 1997). The study reach had an average
pool to pool spacing to bankfull width ratio of 11, which is beyond the expected range for
a stable stream.

3.4.3.5 Habitat

Productive habitats made up 50% of the reach. The substrate was composed of cobble,
gravel, and bedrock. Fine silt and sediment surrounded 30 to 50% of the living spaces
between the gravel and cobble. Fifty percent of the channel bottom was affected by sand
or silt accumulation, and there was some deposition in the pools. Water reached the base
of both lower banks and a minimal amount of channel substrate was exposed. A variety
of vegetation was present and covered 80% of the streambanks. The banks were
moderately stable with small areas of erosion or bank slumping visible. The land cover
surrounding the stream is comprised of early successional growth on disturbed land, with
a forested vegetated buffer zone that is 30 to 50 feet wide.

NCDWQ assessed the study reach with a habitat score of 86, on the upper range of scores
assessed for the project.

3.5 Kenneth Creek Subwatershed

Five reaches within the Kenneth Creek subwatershed were chosen as study sites,
including three mainstem reaches and two tributaries. Drainage areas for the reaches
ranged from 0.1 to 16.6 mi . Land use in the subwatershed is urban and residential in the
vicinity of Fuquay-Varina and primarily agricultural downstream. The upstream reaches
closest to urban influences showed the greatest signs of instability or potential future
instability, with inadequate riparian vegetation, streambank erosion, and incision. The
downstream reaches were more stable, likely due to denser riparian vegetation.

3.5.1 4KM2 - Kenneth Creek downstream of Wagstaff Road (SR 1100)

Kenneth Creek at Wagstaff Road is a Rosgen E4 channel with a drainage area of 4.2 mi2.
The study reach is located about 1.7 miles southwest of downtown Fuquay-Varina within
a rural residential area. The reach flows along a greenway/nature trail and is also
adjacent to a Progress Energy right-of-way. The Town is currently 'working with the NC
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Department of Transportation (NCDOT) to pave the trail. In addition, the NC Ecosystem
Enhancement Program is working with the Town and NCDOT to implement a stream
restoration project along this section of Kenneth Creek. The project will restore
dimension, pattern, and profile along the reach.

3.5.1.1 Overall Assessment of Geomorphic Function

Overall, Kenneth Creek within the study area is moderately stable, with the reach just
downstream of the study reach exhibiting greater stability than the study reach.
However, due to the lack of riparian vegetation, rapid growth within its watershed, lack
of grade control, and existing erosion at a number of tight bends, the stream is likely to
evolve towards a less stable state over time.

It has been documented in the literature that urbanization increases peak discharge. This
shift in the hydrograph may also cause the bankfull channel to enlarge, either through
bank erosion, bed degradation, or both. Enlargement is more pronounced in stream
reaches without bedrock grade control such as the study reach. Therefore, even though
the existing channel is moderately stable, without grade control and a wide well-
vegetated floodplain, the rdach will likely incise as urbanization increases.

3.5.1.2 Dimension

The survey results of this reach indicated a Rosgen E4 stream type at two different riffle
locations. E4 means that the channel is narrow and deep with a gentle slope and a gravel
substrate. The two surveyed cross-sections had bank height ratios of 1.0, which is
considered to be vertically stable. Bankfull flow events have access to the stream's
floodplain. In an E4 stream type the entrenchment ratio is expected to be greater than
2.2. Entrenchment ratios on the study reach were greater than 2.2.

3.5.1.3 Pattern

The surveyed section of Kenneth Creek indicated a sinuosity of approximately 1.6.
Reference reach conditions show a range between 1.2 and 1.5 for sinuosity. This means
that the reach was very sinuous. Erosion was present in the tight bends.

Kenneth Creek had a high BEHI score along the study reach. Although the stream has a
sinuosity higher than the reference or stable conditions, the radius of curvature ratios are
lower than what is typically observed for streams in this setting. The low ratios are
indicative of tight bends that have a high potential for erosion.

3.5.1.4 Profile

This stream segment has sufficient bedform diversity. When compared to the width of
the bankfull channel, a stable E4 stream generally spaces its pools within a ratio of
approximately three to eight times the bankfull width (Rinaldi and Johnson, 1997). The
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study reach had an average pool to pool spacing to bankfull widths ratio of 5.5, which is
within the expected range for a stable stream. The slope of the stream is 0.6%.

3.5.1.5 Habitat

Less than 50% of the reach had productive habitats. The substrate was a mixture of
cobble and gravel with fine sediments filling the living spaces around and between the
gravel and cobble. There was also some deposition in the pools. There was evidence of
channel alterations, but they appear to have occurred more than 20 years ago. Water
filled more than 75% of the channel, exposing 25% of the substrate on bars. Twenty
percent of the streambanks were covered by vegetation. The average stubble height was
less than 2 inches. Eighty to 90% of the streambanks were experiencing erosion.

3.5.2 4KM5 - Kenneth Creek at Chalybeate Springs Road (SR 1441)

Kenneth Creek at Chalybeate Springs Road is a Rosgen E4 channel with a drainage area
of 16.6 mi 2. The watershed includes the Town of Fuquay-Varina which is located in the
headwaters area. The study site is approximately five miles downstream of the urban
area and is also downstream of the point source discharge from the Fuquay-Varina
wastewater treatment plant. Adjacent land use is agricultural and silvicultural with a
recent nearby clear-cut. The site is on the border of the Northern Outer Piedmont and
Rolling Coastal Plain ecoregions.

3.5.2.1 Overall Assessment of Geomorphic Function

The study reach is moderately stable although bank height ratios are greater than
reference E4 channels, indicating the potential for streambank erosion. Good vegetation
with rooting depths below bankfull is likely responsible for the stability of this channel.

The adjacent agricultural field is a potential buffer restoration opportunity. In addition,
best management practices could be implemented including a field border and grassed
waterway. These practices would reduce nutrient input into ditches that drain into the
study reach.

3.5.2.2 Dimension

The survey results of this reach indicated a Rosgen E4 stream type at two different riffle
locations. E4 means that the channel is narrow and deep with a gentle slope and gravel
substrate. The two surveyed cross-sections had bank height ratios of 1.3 and 1.5, which
are not optimal bank height ratios for a stable stream because the stream does not have
access to its floodplain during flood events. This prevents the stream from dissipating the
energy associated with high flows. Excess stress occurs at bank height ratios greater than
1.2 to 1.3 and can be seen in the form of moderate bank erosion or scour along the toe of
the streambank, causing bank sloughing. Bank height ratios greater than 1.5 are
associated with increased stress on the stream channel and high bank erosion. In an E4
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stream type the entrenchment ratio is expected to be greater than 2.2. The entrenchment
ratios for this stream were greater than 2.2.

3.5.2.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.2. Reference
reach conditions show a range between 1.2 and 1.5 for sinuosity. The pattern for this
stream is therefore considered to be within the range for stability.

3.5.2.4 Profile

This stream segment has sufficient bedform diversity; however, the pools are relatively
shallow. The slope of the stream is 0.2%. When compared to the width of the bankfull
channel, a stable E4 streamn generally spaces its pools within a ratio of approximately
three to eight times the bankfull width (Rinaldi and Johnson, 1997). The study reach had
an average pool to pool spacing to bankfull widths ratio of 2.8, which is slightly below
the expected range for a stable stream. Bedform diversity on this reach is not sufficient.
This reach is representative of larger streams with a low slope and sand bed substrate.

3.5.2.5 Habitat

Productive habitats make up over 70% of the reach. The substrate is composed of a
mixture of cobble, gravel, and some stable woody debris. Fine sediment surrounds and
fills 20 to 30% of the living spaces around and in between the gravel and cobble. There
is some deposition in the pools. The channel shows no evidence of former disturbance.
Water reaches the base of both lower banks and a minimal amount of substrate is
exposed. A variety of vegetation is present and covers 80% of the streambank surface.
Disruption of the vegetation is evident but does not affect the full plant growth potential.
The streambanks are moderately stable with small areas of erosion and some visible bank
slumping. Most areas are stable with only slight potential for erosion at flood stages.
The land cover associated with the reach was forested on one side and crop fields on the
other side.

NCDWQ assessed the reach with a habitat score of 69 using the Coastal Plain assessment
form.

3.5.3 4KT13 - UT to Kenneth Creek upstream of Wagstaff Road (SR 1100)

The unnamed tributary to Kenneth Creek upstream of Wagstaff Road in Fuquay-Varina is
a Rosgen E4 channel with a drainage area of 1.1 mi 2. The watershed drains the area just
west of downtown and is currently experiencing residential development. The reach
flows along a greenway/nature trail adjacent to a future subdivision. The Town is
currently working with the NC Department of Transportation to pave the trail.
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3.5.3.1 Overall Assessment of Geomorphic Function

This stream was moderately incised but functioning well. However, it is very vulnerable
to the removal of the riparian vegetation.

3.5.3.2 Dimension

The survey results of this reach indicated a Rosgen E4 stream type at two different riffle
locations. E4 means that the channel is narrow and deep with a gentle slope and a gravel
substrate. The surveyed cross-sections had bank height ratios of 1.3 and 1.5, which are
not optimal bank height ratios because the stream does not have access to its floodplain
during flood events. This prevents the stream from dissipating the energy associated with
high flows. Excess stress occurs at bank height ratios greater than 1.2 to 1.3 and can be
seen in the form of moderate bank erosion or scour along the toe of the streambank,
causing bank sloughing. Bank height ratios greater than 1.5 are associated with
increased stress on the stream channel and high bank erosion. In an E4 stream type the
entrenchment ratio is expected to be greater than 2.2. Entrenchment ratios for the study
reach were 5.3 and 9.5.

3.5.3.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.7.
Reference reach conditions show a range between 1.2 and 1.5 for sinuosity. The pattern
for this stream is therefore considered to be beyond the range for stability. However, the
dense riparian vegetation is helping to hold the soils in place, resisting erosion.

3.5.3.4 Profile

This stream segment has sufficient bedform diversity; however, the pools, on average
throughout the reach, are not two times greater than the average depth of the riffles. This
is most likely due to the bedrock and large cobble substrate which prevent deep scour.
When compared to the width of the bankfull channel a stable E4 stream generally spaces
its pools within a ratio of approximately three to eight times the bankfull width (Rinaldi
and Johnson, 1997). The study reach had an average pool to pool spacing to bankfull
widths ratio of 6.8, which is within the expected range for a stable stream. The slope of
the stream is 0.8%.

3.5.3.5 Habitat

Productive habitats were common for 70% of the reach. The substrate was a mixture of
gravel, cobble, and stable woody debris. Twenty percent of the bottom was affected by
sand or silt accumulation, and there was slight deposition in the pools. Water reaches the
base of both lower banks and a minimal amount of the channel substrate is exposed. The
channel exhibits signs of past disturbance; however, it is likely that the disturbance is
more than 20 years old. A variety of vegetation is present with 70% of the streambank
surface covered. There were a few barren or thin areas present with fewer plant species.
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Twenty to 30% of the streambanks have erosional areas. Most banks are stable with only
slight potential for erosion at flood stages. The land cover associated with the stream is
forested.

3.5.4 4KT19 - UT to Kenneth Creek downstream of Academy St in Fuquay-Varina

The unnamed tributary to Kenneth Creek downstream of Academy St in Fuquay-Varina
is a Rosgen G5/lc channel with a drainage area of 0.1 mi 2. Upstream of the road, the
stream is an incised E channel. The entire drainage for the study reach is within the
downtown area of Fuquay-Varina, and land cover is therefore predominantly impervious.

3.5.4.1 Overall Assessment of Geomorphic Function

The study reach is an unstable channel that is impacted by its urban setting. The stream
is moderately entrenched and very straight, and therefore cannot dissipate the energy
associated with high storm flows. It has down-cut to bedrock and is eroding its banks.
Aquatic habitat is inundated with silt and fine sediment. Although a wooded riparian
buffer is present, it is comprised of early successional growth that is associated with
disturbed land.

3.5.4.2 Dimension

The survey results of this reach indicated a Rosgen G5/lc stream type at two different
riffle locations. G5c means that the channel is incised with a slope less than 2% (letter
"c") and a sand substrate with bedrock comprising the majority of the channel bottom
(number "5/1"). "G" channels are typically narrow at the bottom and slightly wider at the
top. When associated with substrate such as small gravel or sand which is easily
mobilized, G channels can exhibit significant down-cutting, habitat loss, and streambank
erosion. In this case, the stream has already down-cut to bedrock; therefore, any further
vertical degradation will take place at the bedrock's geologic erosional rate.

Since adjustments are constantly occurring in G channels, these streams are most often
considered to be in a state of dis-equilibrium and therefore not stable. Dense woody
vegetation growing on the streambanks, as in this case, can slow lateral degradation and
channel adjustments. However, often the stream bed has or will down-cut beneath the
rooting depth of any woody vegetation that is present. This allows the stream to continue
to adjust, undermining the trees and causing them to fall into the stream channel.

The two surveyed cross-sections had bank height ratios of 3.0, which are not optimal
bank height ratios for a stable stream. Heavy runoff or strong storm flows that are
contained in the channel without access to the floodplain can cause significant stress on
the stream bed and on the streambanks. Extreme stress occurs at bank height ratios
greater than 2.0 and can be seen in the form of significant bank erosion. In a situation
where bank height ratios greater than 2.0 are combined with entrenchment ratios less than
2.0, the stream does not have access to its floodplain during strong storm flows.
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Entrenchment ratios for this stream were 1.5 and 1.4, which means the stream is
moderately entrenched and cannot dissipate the energy associated with high storm flows.

3.5.4.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.02. This
means the channel is relatively straight. Straight "G" channels associated with the
landform and topography surrounding this reach are not natural. Typical streams have
gentle meanders and a stable dimension with regular access to a floodplain. The
parameters found in this particular reach are most likely the result of anthropogenic
changes to the stream channel. The stream will continue to seek equilibrium by eroding
its streambanks to seek a more stable pattern.

3.5.4.4 Profile

The slope of this reach was 1.6%, steeper than most reaches surveyed in the middle Cape
Fear study area. This stream segment had very little bedform diversity. The reach was
dominated by riffle/run features with pools comprising less than 20% of the reach. When
compared to the width of the bankfull channel, a stable stream generally spaces its pools
within a ratio of approximately three to eight times the bankfull width (Rinaldi and
Johnson, 1997). The study reach had an average pool to pool spacing ratio to bankfull
widths of 14.8, which is higher than the expected range for a stable stream. This is most
likely a result of the lack of channel pattern, which increases slope and lengthens riffles
and runs where pools should be. The average pool depths were around two feet deep
below water surface. The stream has very little pattern; therefore, the pools are
associated with knick points and debris.

3.5.4.5 Habitat

More than 90% of the stream has been dredged or otherwise altered. The banks are box-
cut or stabilized with rip-rap and no longer have native vegetation. The riparian buffer is
comprised of early successional growth that is associated with disturbed land. It has few
trees and shrubs. The stream was channelized and is U-shaped as a result. Instream
habitat has been significantly altered. Productive habitats made up less than 50% of the
stream reach. The substrate was a mixture of sand and bedrock. Fine sediment and silt
surrounded and filled more than 75% of the living spaces available. Eighty to 90% of the
channel substrate was affected with heavy deposition from coarse and fine gravel and
sand. Pools were almost absent due to substantial deposition. Water filled more than
75% of the active channel.

The streambanks are unstable. There was little to no vegetative cover on the
streambanks, and many bare spots were present. Mass erosion and bank failure are
evident. Erosion and pronounced undercutting are present. Seventy to 80% of the
streambank has erosional areas.
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3.5.5 4KT19Tl - UT to Kenneth Creek along Wade Ave in Fuquay-Varina

The unnamed tributary to Kenneth Creek along Wade Ave in Fuquay-Varina is a Rosgen
E5 channel with a drainage area of 0.6 mi2 . The watershed drains a predominantly
residential area within Fuquay-Varina and its headwaters include a portion of the
downtown area. The study reach is forested along one streambank and adjacent to
manicured lawns on the other. There is a sewer crossing just upstream of a culvert near
the study reach.

3.5.5.1 Overall Assessment of Geomorphic Function

The study reach is an unstable channel that is experiencing aggradation. Bank height
ratios and sinuosity are both greater than expected for a stable channel. The adjacent
riparian vegetation does not provide adequate cover. Most habitats are smothered by
sand. The streambanks as a whole are moderately unstable.

3.5.5.2 Dimension

The survey results of this reach indicated a Rosgen E5 stream type at two riffle locations.
An E5 channel is narrow and deep with a gentle slope and a predominantly sandy
substrate. The two surveyed cross-sections had bank height ratios of 1.2 and 1.3, which
are considered to be slightly above the range for vertically stability. Heavy runoff or
strong storm flows that are contained in the channel without access to the floodplain can
cause significant stress on the stream bed and on the streambanks. Excess stress occurs at
bank height ratios greater than 1.2 to 1.3 and can be seen in the form of moderate bank
erosion or scour along the toe of the streambank, causing bank sloughing. In an E5
stream type the entrenchment ratio is expected to be greater than 2.2. Entrenchment
ratios for the study reach were greater than 2.2 in both surveyed cross-sections.

3.5.5.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.7. This
means the channel is relatively sinuous. Stable streams generally have gentle meanders
and a stable dimension with regular access to a floodplain. Reference reach conditions
show a range between 1.2 and 1.5 for sinuosity. The pattern for this stream is therefore
considered above the range for stability, although a sinuosity higher than 1.5 does not
automatically indicate instability. The floodplain is wide and flat in the immediate
vicinity of the stream, which allows for a higher sinuosity. However, the sinuosity makes
the stream more vulnerable to disturbance. The positive aspect of the above-average
sinuosity is that there is increased habitat diversity.

3.5.5.4 Profile

This stream segment has sufficient bedform diversity. When compared to the width of
the bankfull channel, a stable E5 stream generally spaces its pools within a ratio of
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approximately three to eight times the bankfull width (Rinaldi and Johnson, 1997). The
study reach had an average pool to pool spacing to bankfull widths ratio of 4.9, which is
within the expected range for a stable stream. The slope of the stream is 0.5%.

3.5.5.5 Habitat

Sixty percent of the reach had productive habitats, and three of the seven expected habitat
types were absent. Water reaches the base of both lower banks and a minimal amount of
channel substrate is exposed. Sixty percent of the streambank surface is covered by
vegetation, which is typically composed of scattered shrubs, grasses, and forbs. Thin or
bare spots are visible and closely cropped, meaning less than half the plant stubble height
is remaining. Sixty percent of the banks have erosional areas and the streambanks as a
whole are moderately unstable. The riparian vegetation and surrounding land cover is
forested and manicured lawn. Forty to 80% of the area has been dredged or otherwise
altered. The disturbance may have occurred less than 20 years ago.

3.6 Neills Creek Subwatershed

Three reaches within the Neills Creek subwatershed were chosen as study sites, including
two mainstem reaches and one tributary. Drainage areas for the reaches ranged from 4.0
to 31.4 mi 2. The large drainage area was at a site along Neills Creek downstream of the
confluence with Kenneth Creek. The other two study sites were located upstream of this
.confluence where land use is primarily rural. The downstream site exhibits both vertical
and lateral stability, but there are questions as to whether the stream is supporting its
functions due to aggradation. The two upstream sites varied significantly. One reach had
a straight channel, but its banks were protected by mature riparian vegetation and the
stream had access to its floodplain during bankfull events. The other reach is located
along a pasture with poor riparian vegetation, and is eroding its banks.

3.6.1 4MNMI - Neills Creek at Cokesburv Road (SR 1403)

Neills Creek at Cokesbury Road is a Rosgen E5 channel with a drainage area of 31.4 mi2,
the largest among the study reaches in this project. The area includes the entire Kenneth
Creek watershed, which drains Fuquay-Varina, as well'as the upper portion of the Neills
Creek watershed. The upper Neills Creek watershed is predominantly agricultural and
residential, with less development than the Kenneth Creek watershed. The study site is
downstream of the Fuquay-Varina wastewater treatment plant.
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3.6.1.1 Overall Assessment of Geomorphic Function

This study reach is geomorphically stable, as evidenced by low bank height ratios,
appropriate sinuosity, and sufficient bedform diversity. The riparian buffer is also
forested in a stage of late successional growth with a variety of vegetation.

Despite the stream's stability, there are questions as to whether it is supporting all its
functions. An adjacent landowner suggests the stream has filled in with sand over the last
twenty years to a depth of approximately two feet. Although NCDWQ assessed the reach
using Coastal Plain criteria, the site lies on the border between the Northern Outer
Piedmont and Rolling Coastal Plain ecoregions. The only way to determine whether the
sandy substrate is appropriate for the valley would be to bore into the streambed and
determine whether there is evidence of gravel beneath the sand.

Additionally, the study reach may be experiencing water quality problems as a result of
the Fuquay-Varina wastewater treatment plant discharge. NCDWQ personnel observed a
sewage smell during two separate trips to the site.

3.6.1.2 Dimension

The survey results of this reach indicated a Rosgen E5 stream type at two different riffle
locations. E5 means that the channel is narrow and deep with a gentle slope and a
predominantly sandy substrate. The two surveyed cross-sections had bank height ratios
of 1.0, which is considered to be vertically stable. A bank height ratio of 1.0 means that
bankfull flow events have access to the stream's floodplain. In an E stream type the
entrenchment ratio is expected to be greater than 2.2. Entrenchment ratios for the study
reach were greater than 2.2 at both cross-sections

3.6.1.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.3. Reference
reach conditions show a range between 1.2 and 1.5 for sinuosity. The pattern for this
stream is therefore considered to be within the range for stability.

3.6.1.4 Profile

This stream segment has sufficient bedform diversity. When compared to the width of
the bankfull channel a stable E5 stream generally spaces its pools within a ratio of
approximately three to eight times the bankfull width (Rinaldi and Johnson, 1997). The
study site had an average pool to pool spacing to bankfull widths ratio of 4.5, which is
within the expected range for a stable stream. The slope of the stream is 0.14%.
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3.6.1.5 Habitat

Productive habitats make up more than 70% of the reach. There was less than 10%
embeddedness. There was no evidence of channel disturbance. Water reaches both
lower banks and a minimal amount of channel substrate is exposed. A variety of
vegetation is present and covers 90% of the streambank surface. Some disruption is
evident but not affecting full growth potential. Streambanks are stable and erosion is
minimal, with less than 10% of the banks affected by bank erosion. The riparian buffer
and surrounding land cover is forested in a stage of late successional growth with a
variety of vegetation. NCDWQ assessed this site with a habitat score of 70 using the
Coastal Plain form.

3.6.2 4UNM 1 -Neills Creek at Chalybeate Springs Road (SR 1441)

Neills Creek at Chalybeate Springs Road is a Rosgen E4 channel with a drainage area of
4.0 mi 2. The watershed is predominantly forested along stream channels with agricultural
and urban development in other locations, including part of the Town of Angier. Very
few roads cross the watershed. The study site is upstream of the confluence with
Kenneth Creek; therefore, it is not influenced by the discharge from the Fuquay-Varina
wastewater treatment plant.

3.6.2.1 Overall Assessment of Geomorphic Function

The stream classified as a Rosgen E4 stream type based on its narrow and deep channel
dimension. However, the stream is much straighter than reference reach quality E4
streams. A straight stream in an alluvial valley is often an indication of channelization.
A higher sinuosity is needed to dissipate energy and to form deep pools in the outside of
meander bends. Riffles are formed in the crossover sections between pools. This
alternating diversity of riffles and pools is critical for a fully functioning stream channel,
both in terms of stream stability and aquatic habitat creation. However, even though this
stream was relatively straight, the bedform diversity for the reach was sufficient in the
profile.

Even though the channel was straight, the stream was vertically stable, as indicated by
low bank height ratios and high entrenchment ratios. This is often not true because
straighter streams have higher slopes and therefore more energy to erode the bed and
banks. The reach is also laterally stable as evidenced by low bank height ratios and
BEHI scores. Lateral stability is provided by a well vegetated floodplain and is supported
by the low banks. Low banks are key factors for lateral stability when combined with
densely rooted woody vegetation because the root depths equal the bank height.

Overall, the stream was vertically and laterally stable. However, since the stream was
much straighter than a reference reach quality E4, it was not functioning at the highest
habitat potential. Greater sinuosity would create a better diversity of riffles and pools.
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Furthermore, there are several factors that could contribute to channel instability in the
future. These include the removal of riparian vegetation and development of the
watershed. The watershed drains part of Angier and also contains the small Fuquay-
Angier airfield. If the watershed continues to develop the stream may incise or widen as
it enlarges to handle the additional runoff. The fact that the channel is straight increases
the risk of future instability.

3.6.2.2 Dimension

The survey results of this reach indicated a Rosgen E4 stream type at two different riffle
locations. E4 means that the channel is narrow and deep with a gentle slope and a
predominantly gravel substrate. The two surveyed cross-sections had bank height ratios
of 1.0 and 1.2, which are considered to be vertically stable. A bank height ratio of 1.0
means that bankfull flow events have access to the stream's floodplain. In an E4 stream
type the entrenchment ratio is expected to be greater than 2.2. Entrenchment ratios for
the study reach were greater than 2.2 in both cases.

3.6.2.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.03. This
means the channel is relatively straight. Stable streams should have gentle meanders and
a stable dimension with regular access to a floodplain. Reference reach conditions show
a range between 1.2 and 1.5 for sinuosity. The pattern for this stream is therefore
considered to be below the range for stability.

3.6.2.4 Profile

This stream segment has limited bedform diversity with many shallow pools. When
compared to the width of the bankfull channel, a stable E4 stream generally spaces its
pools within a ratio of approximately three to eight times the bankfull width (Rinaldi and
Johnson, 1997). The study reach had an average pool to pool spacing to bankfull widths
ratio of 4.9, which is within the expected range for a stable stream. However, the pools
are relatively shallow because there is insufficient sinuosity to maintain deep pools. The
slope of the stream is 0.5%.

3.6.2.5 Habitat

Productive habitats make up greater than 70% of the reach. The substrate is dominated
by coarse gravel with some sand and cobble. Fine sediment and silt surround and fill
40% of the living spaces around and in between the gravel and cobble. Some signs of
anthropogenic channel disturbance are evident, but the disturbance likely occurred more
than 20 years ago. Less than 20% of the channel is affected by sediment deposition with
some accumulation in runs and pools. Water reaches the base of both lower banks and a
minimal amount of the substrate is exposed. More than 90% of the streambank surface is
covered by native and natural vegetation. The streambanks are stable. Less than 10% are
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affected by bank erosion. The riparian buffer and surrounding land cover is forested in a
stage of late successional growth with a variety of vegetation.

NCDWQ performed benthic macroinvertebrate sampling at this site and had results that
are difficult to explain given the habitat assessment. The stream at this location was
stated to have an unusual substrate composed of nearly equal parts rubble, gravel, and
sand that were highly embedded. The benthic community was so sparse that there was
some question at the time of collection as to whether the stream may have stopped
flowing the prior year. However, all other streams in the area appeared to have a similar
fauna, and there is no geological reason why this stream should have dried up. NCDWQ
assessed habitat with a score of 79.

3.6.3 4UNT13 - UT to Neills Creek at Chalybeate Springs Road (SR 1441)

The unnamed tributary to Neills Creek at Chalybeate Springs Road is a Rosgen C/E4
channel with a drainage area of 2.3 mi 2. The watershed is predominantly agriculture and
forest land with some sparse rural residential land tracts. The study reach is located along
a horse pasture, across Chalybeate Springs Road from site 4UNMl. Multiple landowners
are involved with ownership and maintenance of the horse pasture. The reach has been
channelized (verified by landowner on site).

3.6.3.1 Overall Assessment of Geomorphic Function

This study reach is vertically stable, but it is laterally unstable and lacks sufficient
riparian vegetation. The reach is impacted by private driveway dual culverts. The outfall
pool of the culverts was three to five times wider than the average bankfull width of the
rest of the reach. Both banks are eroding directly downstream of the culverts. The pool
below the culverts had a water surface depth of over 3.5 feet deep. The reach has also
been channelized. Remnant meander scrolls are evident on the right floodplain.

The streambanks are moderately unstable. The riparian vegetation and land cover is an
active horse pasture, consisting of planted grasses and forbs with some scattered trees.
The herbaceous cover is impacted by grazing from horses which are not excluded from
the stream. However, the horses were only accessing the stream in two locations, so only
a small percentage of bank erosion was as a result of hoof sheer. Riffles are short and
most of them exist as transverse bars, rather than holding grade perpendicular to the flow
of the stream. This is likely a symptom of the stream attempting to create pattern.
Undercut rooted herbaceous banks are present, and in some locations appear to be stable.
As long as the toe of the slope is not compromised, and the bank angle remains gentle,
these undercut areas offer aquatic habitat.

3.6.3.2 Dimension

The survey results of this reach indicated a Rosgen C4 channel in the area directly
downstream from the driveway culvert and an E4 channel for the remainder of the study
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reach. C4 means that the channel is wide and shallow with a predominantly gravel
substrate. The unusual width of the channel downstream of the culvert is likely the result
of the channel adjustment that has occurred as the stream was subjected to strong
discharge flows. Below the dual culvert outfalls, there is little to no riparian vegetation to
help protect the bank against scour. In this particular case, the C4 stream type is not
stable. There is a wide side bar associated with the surveyed riffle, which the horses are
also utilizing as an access to the stream.

E4 means that the channel is narrow and deep with a gentle slope and a predominantly
gravel substrate. A narrow channel is considered to have a width to depth ratio of less
than 12. This riffle had a width to depth ratio of 7.2.

The two surveyed cross-sections had bank height ratios of 1.0 and 1.1, which are
considered to be vertically stable. A bank height ratio of 1.0 means that bankfull flow
events have access to the stream's floodplain. In an E4 stream type the entrenchment
ratio is expected to be greater than 2.2. Entrenchment ratios for the study reach were
greater than 2.2 in both cases.

3.6.3.3 Pattern

The surveyed section of this reach indicated a sinuosity of approximately 1.1. This
means the channel is relatively straight. Stable streams should have gentle meanders and
a stable dimension with regular access to a floodplain. Reference reach conditions show
a range between 1.2 and 1.5 for sinuosity. The pattern for this stream is therefore
considered to be outside the range for stability. However, pattern is beginning to form
within the channel itself. Riffles, in the form of traverse bars, force flow directly into
some banks. Also, two herbaceous inner berm benches are forming at the toe of the
streambanks further downstream from the culvert.

3.6.3.4 Profile

This stream segment has sufficient bedform diversity. When compared to the width of
the bankfull channel a stable C/E4 stream generally spaces its pools within a ratio of
approximately three to eight times the bankfull width (Rinaldi and Johnson, 1997). The
study reach had an average pool to pool spacing to bankfull widths ratio of 3.3, which is
within the expected range for a stable stream. The slope of the stream is 0.4%.

3.6.3.5 Habitat

Only two of the seven productive habitats are present. Pools are deep and there are some
undercut root banks. The two observed habitats are present for less than 50% of the
reach. The substrate is dominated by gravel. There is little to no embeddedness present
by fine silt, with the exception of the pool directly downstream of the dual culverts. The
entire stream reach has been dredged or otherwise altered within the last 20 years. Banks
are box cut in some locations. Twenty to 30% of the stream bed is affected by sand or
silt accumulation. There is slight deposition in the pools with some bar formation. Water
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fills 75% of the available channel and some substrate is exposed on bars. Seventy
percent of the banks are covered with predominantly herbaceous summer seasonal
vegetation. Thin or bare spots are visible and the vegetation on top of the streambanks is
closely cropped as a result of the horse grazing. The streambanks are moderately
unstable. Medium areas of erosion or bank slumping are visible. The riparian vegetation
and land cover is active horse pasture, consisting of planted grasses and forbs with some
scattered trees.

3.7 Additional Visual Assessment Sites

In addition to the study reaches described above, a number of other sites were visually
assessed while performing field studies. These sites were not selected for intensive study
for one or more reasons, including similarity to other sites, beaver ponds, or lack of
landowner permission. A brief visual assessment was performed at these locations to
estimate vertical and lateral stability (Figure 3.2). Assessment determinations are based
on best professional judgment.

The visual assessment sites ranged from stable reaches with well-vegetated banks to
unstable reaches with mid-channel bars and eroding banks. Table 3.1 summarizes the
findings at these sites. A number of the reaches are potential project sites for restoration,
preservation, or best management practice implementation.
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Table 3.1. Summary of Visual Assessment Data

Stream Drainage Stability Assessment Comments
Area
(mi 2 )

Harris Lake Subwatershed

2WOT 17 - UT to White Oak 0.9 Vertical and lateral Straight channel
Creek at Woods Creek Road stability
(SR 1154)
2CBT8 - Norris Branch at 1.3 Vertical and lateral Narrow riparian
Avent Ferry Road (SR 1115) stability buffer
2CBM I - Cary Branch at 3.8 Vertical instability, Well-vegetated,
Holleman's Crossroads - Rex moderate lateral water appears
Road (SR 1127) instability "milky," beaver

dam upstream
A vents Creek Subwatershed

3UAM3 - Avents Creek at 6.1 Vertical stability, Lack of bedform
Oakridge River Road (SR moderate lateral diversity
1418) instability
3LAM3 - Avents Creek at 14.1 Moderate vertical Within Raven Rock
River Road (SR 1418) stability, moderate State Park, channel

lateral instability is incised
Hector Creek Subwatershed

3UHM4 - Hector Creek at 9.3 Moderate vertical Cattle have access
Baptist Grove Road (SR stability, moderate to stream, mid-
1427) lateral instability channel bars
3LHT6 - UT to Hector Creek 0.9 Moderate vertical Incised channel,
at Kipling Road (SR 1403) stability, moderate adjacent clear-cut

lateral instability within 25 years
3LHM2 - Hector Creek at 11.3 Vertical instability, Incised and overly-
Kipling Road (SR 1403) lateral instability wide channel

Kenneth Creek Subwatershed
4KT 19_DS 1 - UT to Kenneth 0.9 Moderate vertical Non-native
Creek at Holland Road in stability, moderate understory
Fuquay-Varina lateral instability vegetation
4KT19 DS2 - UT to Kenneth 2.3 Vertical instability, Non-native
Creek at Angier Road in moderate lateral understory
Fuguay-Varina instability vegetation

Neills Creek Subwatershed
4UNTI 3T6 - UT to Neills 0.6 Vertical instability, Culvert is in poor
Creek at Rawls Church Road lateral instability condition
(SR 1415)
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4 Conclusions

Generally, streams in the study area show signs of departure from stability with many
streams exhibiting moderate incision and somewhat less sinuosity than reference streams.
However, due in large part to well-vegetated riparian areas found in much of the
watershed, stable channel dimensions are often maintained and the majority of surveyed
cross sections are laterally stable at present.

4.1 Sinuosity

Streams in the watershed are, as a whole, less sinuous than the C and E channels that
would be expected in undisturbed settings in the watershed. In fact, only one study reach
out of the 22 sites surveyed was found to be highly sinuous (Big Branch in the Harris
Lake watershed). The median value of sinuosity for all study sites is 1.3 which is just
above the minimum value expected for a Rosgen C stream type and just above the 1.2
break for meandering and non-meandering streams (Soar and Thorne, 2001). The study
reaches in the Neills Creek and Parkers Creek subwatersheds have relatively straight
channels compared to the other subwatersheds (Figure 4.1). The straight channels found
in these watersheds are likely the result of channelization for agriculture and, to a lesser
extent, development purposes. The presence of many straightened channels in the
watershed is a threat to both water quality due to sedimentation and habitat quality due to
limited bedform diversity.

Figure 4.1. Distribution of Study Reach Sinuosity by Subwatershed
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4.2 Channel Dimensions

Channel dimensions in the study reaches throughout the watershed are generally very
good. Only in the Hectors Creek subwatershed were any cross-sections found with an
unstable and overly wide cross-section. In general, streams showed a very low width to
depth ratio with a median value for all subwatersheds of 8.5 (Figure 4.2). Low width to
depth ratios below 8.0 can be an indication of instability if combined with channel
incision; however, many streams with width to depth ratios below 8.0 can be quite stable
as long as deep rooted, woody riparian vegetation is in place. Many of the surveyed cross
sections are laterally stable and have low width to depth cross-section channels, but have
moderate bank height ratios. Maintenance of existing riparian vegetation will be key in
management of these moderately incised streams so as to prevent them from becoming
unstable and subsequently large sources of sediment.

Width to Depth Ratios for Sub-watersheds
Median Values with Minimum, Maximum and Quartiles

20

C, 105 tI
150

Harris Avents Hectors Parkers Kenneth Neils

Sub-watershed

Figure 4.2. Distribution of Study Reach Width to Depth ratios by Subwatershed
Note lines at W/D ratios of 8 and 15 indicating the general range of stable values.
Streams can be stable below a W/D ratio of 8 ifstream banks are well vegetated
and flood flows can access a wide floodplain.
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4.3 Bank Height Ratios

Bank height ratios for streams in the watershed are quite high with a median value for all
surveyed cross sections of 1.2 and the upper quartile of 1.6. Bank height ratios above 1.2
generally indicate channel instability; therefore, the incision of streams in the watershed
is a notable threat to water quality and habitat. This is particularly true in the Harris,
Avents, and Hectors creeks subwatersheds (Figure 4.3). On the other extreme, the Neills
Creek subwatershed was found to contain streams with bank height ratios at or very near
1.0.

Bank Height Ratios for Sub-watersheds
Median Values with Minimum, Maximum and Quartiles

3

CD

0

Harris Avents Hectors Parkers Kenneth Neils All

Sub-watershed

Figure 4.3. Distribution of Study Reach Bank Height Ratios by Subwatershed
Note line at a bank height ratio of 1.2 indicating general threshold of stability.
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Appendix 1
Geomorphological Survey Data for Study Reaches



SURVEY DATA
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3LAM2 - Avents Creek at Cokesbury
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Cross-Section Station 3+81

.2~

108
106
104
102
100
98
96
94

0 20 40 60 80 100 120

Station (ft) 0 - - Bankfull - - 0 - - Floodprone

3LAM2 - Avents Creek at Cokesbury
Longitudinal Profile

100

99 -

98-

97

096-

95 -

94-

93 -

92

p

.~ 4 -*-- TW
0 ws

0 TW

WS

100 150 200 250 300
Station (ft)

350 400 450 500



0(-
.£
w

110
109
108
107
106
105
104
103
102

1

3LAT7 Mill Creek at River (Raven Rock)
Cross-Section Station 1+00

I 00 110 120 130 140 150 160 170 180

-- - - Bankfull - - 0 - -Floodprone
_] IStation (ft)

Pool 126.6 _ 43.05 I 2.94 1 5.54 1 14.63 1 1.5 1 2.1 _ 103.54 t_106.41

3LAT7 Mill Creek at River (Raven Rock)
Cross-Section Station 3+50

110--------------------------------------------------------0

lub

106
00 104

102
41 100

98
96

100 110 120 130 140 150 160 170 180 190 200

Station (ft) - - 0 - -Bankfull - - 0 - - Floodprone
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3LHM3 Hector Creek at Christian Light
Cross-Section 1+67
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3LHM3 Hector Creek at Christian Light
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3LHT4 Coopers Branch at Kipling
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3LHT4 Coopers Branch at Kipling
Cross-Section Station 2+57

104

103

102

101
0

99ul
98

97

96
100 120 140 160 180 200 220 240

Station (ft) 0 - - Bankfull - - 0 - - Floodprone

3LHT4 - Coopers Branch at Kipling
Longitudinal Profile

101

100

99 -- TW

98 WS

97 .C 
..

0
m 96

w 95

94

93 .
100 150 200 250 300Station (ft) 350 400 450 500



IulIIIId r-o I.Z- f . I-z I.U I l.Of I ,UI 10.--.

3LHT8 Un-named Tributary to Hector Creek at Christian Light
Cross-Section Station 1+30
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3LHT8 Un-named Tributary to Hector Creek at Christian Light
Cross-Section Station 3+28
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3PM2 - Parkers Creek at Ball
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3PM3 Parkers Creek off Thomas Sneed
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3UAT16 Un-named Tributary to Avents Creek at Revel
Cross-Section Station 2+29
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3UAT16 Un-named Tributary to Avents Creek at Revel
Cross-Section Station 3+08
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Cross-Section Station 3+96

88

86

. . . . . . . . . . . . . . . . . . . . . . . ..----------------------------------------------------- 0

c 84.2
82

80-

7 8 .
100 120 140 160 180 200 220

Station (ft) ' - - Bankfull -- o-- Floodprone

4KM2 Kenneth Creek at Wagstaff
Longitudinal Profile

83

82

81

c 80--- TW
wS

> 79

78

77

76
100 200 300 400 500 600 700 800

Station (ft)



32.34 2.67 I 3.25 I 12.1 1 1.3 1. 1 1U3.3( J 14.2_

4KM5 Kenneth Creek at Chalybeate Springs
Cross-Section Station 1+05

0

FU

108

106

104

102

100

98

--------------------------------------------------------- I- ---------------- 0

100 110 120 130

Station (ft)

140 150 160

-< - - Bankfull -- - - Floodprone

28.69 j 4.12_I b.2b 1 b.9, 1 1.2 1 1.6 J 1U4

4KM5 Kenneth Creek at Chalybeate Springs
Cross-Section Station 2+39

0

w

112
110
108
106
104
102
100
98

100 110 120 130 140 150

Station (ft)

160

- - 0 - - Bankfull - - 0 - - Floodprone



I Kim 1 L4 1 1 1ITI 3 ~ .41 1 1 U. I I I~ I 1.ts I 1

4KM5 Kenneth Creek at Chalybeate Springs
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4KT19 Un-named Tributary at Academy
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4KT19 Un-named Tributary at Academy
Cross-Section Station 4+23
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4KT19T1 Un-named Tributary to Kenneth Creek at Wade
Cross-Section Station 1+43
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4KT19TI Un-named Tributary to Kenneth Creek at Wade
Cross-Section Station 3+51
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4MNM1 Neills Creek at Cokesbury
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4UNMI Neills Creek at Chalybeate Springs
Cross-Section Station 1+25
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4UNM1 Neills Creek at Chalybeate Springs
Cross-Section Station 3+49
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4UNT13 Un-named Tributary to Neills Creek at Chalybeate Springs
Cross-Section Station 4+14
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Habitat Data



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Buckhorn Creek

Date: 6/10/2003
Point of Assessment: 2BM4

County: Wake
River Basin: Cape Fear

Assessor Assessor
Greg Price Marco Hilhorst

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability

Score
14
12
16
13
15
14
16

6
6

6
6

1

142

Score
13
12
15
11
11
12
16

7
7

6
6

9
9

134

Productive habitats expected for the stream type make up 50-70% of the reach

riffle substrate is a mixture of gravel stones and or stable woody debris

20% of the stream is embedded by small sediments (less than 2 mm) and silt

some alteration has taken place, but greater than 20 years ago

20-50% of the bottom is affected by sand or silt accumulation. There is slight deposition in pools

water reaches the base of both lower banks and there is a minimal amount of substrate exposed

a variety of vegetation is present and covers 70-90% of streambank surface.

a variety of vegetation is present and covers 70-90% of streambank surface.

Moderately stable banks with small areas of erosion or bank slumping visible.30-40% has erosional areas.

Moderately stable banks with small areas of erosion or bank slumping visible.30-40% has erosional areas.

Forest

Forest

Vegetated Buffer

Total Score:

Left Bank
Right Bank

Zone Width
Left Bank

Right Bank

Vegetation Notes:
TREES
Red Maple
Tulip Poplar
Green Ash
Flowering Dogwood

Red Cedar
Red Oak
Sweet Gum
River Birch
American Holly

American Beech
Ironwood/Sourwood
Willow Oak
White Oak
Redbud

HERBSNINES
Panicum
Microstegium
Christmas Fern
Grape

Poison Ivy
Virginia Creeper
Sycamore Saplings



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Buckhorn Creek @ Buckhorn Duncan Rd

Date: 7/21/2003
Point of Assessment: 2BT12

County: Wake
River Basin: Cape Fear

Assessor Assessor
M. Hilhorst Jessica Rohrbach

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability

Score
13
11
12

16
11
13
18

8

9
10

147

Score
6

11
12
15

14
19

-7
5

7

10
10

138

Productive habitats make up 50% of the stream

the substrate is composed of a mixture of gravel stones and bedrock

fine sediment and silt surrounds and fills 25-50% of the living spaces around and in the substrate

no evidenc of disturbance

20-50% of the bottom is affected by deposition with slight deposition in pools

riffles are present

water reaches the base of both lower banks and minimal amount of channel substrate is exposed.

70-90% of the streambank surface is covered by vegetation

70-90% of the streambank surface is covered by vegetation

streambanks are moderately stable with small areas of erosion or banks slumping visible.

10-20% of bank has erosional areas

Forest

Forest

Vegetated Buffer

Total Score:

Left Bank
Right Bank

Zone Width
Left Bank

Right Bank

Vegetation Notes:
TREES
Red Maple
Ironwood/Sourwood
American Holly
Oak sp.

SHRUBS/UNDERSTORY
River Birch Sassafrass
Sweet Gum

HERBSNINES
Grape Vine
Smilax
Christmas Fern



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Little White Oak

Date: 6/19/2003
Point of Assessment: 2LWOM2

County: Wake
River Basin: Cape Fear

Assessor Assessor
M. Wight Marco Hilhorst

Parameter
Instream Cover (fish)

Epifaunal Substrate
Embeddedness

Channel Alteration
Sediment Deposition
Frequency of Riffles

Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability

Score
11
6
3

14
9

12
20

5
4

4
5

10
10

113

Score
1
6
5

14
6

13
20

6
4

5

9
10

113

Productive habitats make up only 50% of the reach

substrate is dominated by sand/gravel stones and stable woody debris

90% of the reach is embedded by sediment and silt

10% or less of the reach has been altered

80% of the the stream bottom is affected with moderate deposition in pools

minimal amount of channel substrate is exposed

60-70% of the streambank surface is covered by vegetation, typically scattered shrubs, grasses, & forbs

60-70% of the streambank surface is covered by vegetation, typically scattered shrubs, grasses, & forbs

moderately unstable banks with 50% of the bank area experiencing erosion

moderately unstable banks with 50% of the bank area experiencing erosion

Forest

Forest

Vegetated Buffer

Total Score:

Left Bank
Right Bank

Zone Width
Left Bank

Right Bank

Vegetation Notes:
TREES
Red Maple
Tulip Poplar
Sweet Gum
Flowering Dogwood
Red Cedar

White Oak
American Holly
American Beech
Ironwood/Sourwood

HERBSNINES
Panicum
Microstegium
Christmas Fern
Grape
Poison Ivy

Briar
Privet



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Big Branch at Woods Creek Rd (SR1 154)

Date: 5/2/2003
Point of Assessment: 2WOM1

County: Wake
River Basin: Cape Fear

Assessor Assessor
J.Rohrbach Marco Hilhorst

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank

Right Bank
Bank Stability

Left Bank

Right Bank
Vegetated Buffer Zone Width

Left Bank

Right Bank

Total Score:

Score
14
12
6

15
10
16
15

6
6

5
-5.

9

128

Score
14
12
4

15
7

15
16

8
8

7
7

9
9

131

Productive habitat(s) expected for stream type make up 50-70% of the reach

moderate rating for benthic habitat for insects and snails to colonize (may not be pertinent in sand bed stream)

70% embededness with sediment and silt, particle sizes less than 2mm.

channel disturbance is greater than 20 years old.

habitats smoothered by sand, silt, and small gravel

may not be pertinent due to sand bed stream

less than 25% of the channel substrate is exposed

a variety of vegetation is present and covers 70-90% of the streambank surface

a variety of vegetation is present and covers 70-90% of the streambank surface

40-50% of the bank has small areas of erosion

40-50% of the bank has small areas of erosion

Forest

Forest

Vegetation Notes:
TREES
Red Maple
Tulip Poplar
Sycamore
Loblolly Pine
White Oak

Red Oak
Sweet Gum
River Birch

SHRUBS/UNDERSTORY
I ronwood/Sourwood
Dogwood Deciduous Holly
Blueberry Giant Cane
American Holly
Water Oak

HERBSNINES
Panicum
Microstegium
Christmas Fern
Grape
Jack-in Pulpit

New York Fern (?)
Cardinal Flower (?)
Virginia Creeper
Smilax
Clad
Heartleaf
Carex



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Tributary to White Oak Creek

Date: 6/10/2003
Point of Assessment: 2WET16

County: Wake
River Basin: Cape Fear

Assessor Assessor
Greg Price Marco Hilhorst

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability
Left Bank

Right Bank
Vegetated Buffer Zone Width

Left Bank
Right Bank

Total Score:-

Score
13
12
13
15
6

13
11

3
3

4
4

9
9

115

-Score
19
6

11
14
7

14
11

5
4

5

4

8

9
117

70% of the stream has productive habitats expected for the stream type

mixture of gravel stones, woody debris

fine sediment and silt surround the living spaces around and between gravel

Disturbance is more than 20 years old

50-80% of the bottom is affected with moderate deposition in pools. Habitats are smothered by sand.

<25% of the channel substrate is exposed

50-70% vegetation cover is typically shrubs grasses and forbs

50-70% vegetation cover is typically shrubs grasses and forbs

50-60% of the bank has erosional areas

50-60% of the bank has erosional areas

old field. Herbaceous and shrub species. Few if any trees

old field. Herbaceous and shrub species. Few if any trees

Vegetation Notes:
TREES
Red Maple
Tulip Poplar
Green Ash
Flowering Dogwood
Red Cedar

Red Oak
Sweet Gum
River Birch
American Holly
American Beech

Ironwood/Sourwood
Willow Oak
White Oak
Redbud

HERBSNINES
Panicum
Microstegium
Christmas Fern
Grape
Poison Ivy

Virginia Creeper
Sycamore Saplings



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Avents Creek at Cokesbury Rd

Date: 7/18/2003
Point of Assessment: 3LAM2

County: Harnett
River Basin: Cape Fear

Assessor Assessor
M. Hilhorst Marshall Wight

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability
Left Bank

Right Bank
Vegetated Buffer Zone Width

Left Bank
,Right Bank

Total Score:

Score
18
12
13
18
9

16
18

10
90

9
9

9

10
161

Score
19
12
13

15
11
17

20

9
9

9
8

10
10

162

productive habitats expected for the stream type make up more than 70% of the reach

the substrate is a diverse mixture of gravel, cobble, sand and bedrock

40% embeddedness by sediment less than 2mm in diameter

no evidence of disturbance with bends and combination of riffle/runs and glide/pools frequent

50% of the stream bottom is affected with moderate deposition in pools.

water reaches the base of both lower banks and there is aminimal amount of channel substrate exposed.

more than 90% of the streambank surface is covered by native/natural vegetation.

less than 10% of the banks are affected by erosion

Forest

Forest

Vegetation Notes:
TREES
Ironwood
River Birch
Dogwood
American Holly

HERBSNINES
Smilax
Microstegium
Christmas Fern
Carex



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Mill Creek @ Raven Rock State Park

Date: 6/10/2003
Point of Assessment: 3LAT7

County: Harnett
River Basin: Cape Fear

Assessor Assessor
Greg Price Marco Hilhorst

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sedimnent Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability
Left Bank

Score
20
20
17
18
18
19
16

9
9

9
9

10

9
183

Red Oak
Sweet Gum
River Birch

Score
20
20

17
15

18
19
16

9
9

9

9

Productive habitats expected for the stream type make up more than 70% of the reach

substrate composed of cobble and course gravel

20% embeddedness by sediment less than 2mm

one said no alteration, the other said alteration older than 20 years

less than 20% pool accumulation with accumulation in pools only

water reaches the bae of both lower banks and minimal amount of channel substrate is exposed.

90% of the streambank surface is covered by native/natural vegetation

90% of the streambank surface is covered by native/natural vegetation

less than 10% of the banks are affected by erosion

less than 10% of the banks are affected by erosion

forested

forested

Right Bank
Vegetated Buffer Zone Width

Left Bank
Right Bank

Total Score:

Vegetation Notes:
TREES
Red Maple
Tulip Poplar
Sycamore
Loblolly Pine
White Oak

SHRUBS/UNDERSTORY
I ronwood/Sourwood
Dogwood Deciduous Holly
Blueberry Giant Cane
American Holly
Water Oak

HERBSIVINES
Panicum
Microstegium
Christmas Fern
Grape
Jack-in Pulpit
New York Fern (?)
Cardinal Flower (?)

Virginia Creeper
Smilax
Clad
Heartleaf
Carex



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Hector Creek

Date: 7/24/2003
Point of Assessment: 3LHM3

County: Harnett
River Basin: Cape Fear

Assessor Assessor
M. Hilhorst Jessica Rohrbach

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability
Left Bank

Right Bank
Vegetated Buffer Zone Width

Left Bank
Right Bank

Total Score:

Vegetation Notes:
TREES
Alder
American Holly
River Birch
Ironwood
Tulip Poplar

Score
15
11
13
11
11
18
18

9
9

8
8

8
5

144

Red Maple

Score
13
16
11
12
12

18

17

7
7

8
8

7
7

143

Productive habitats make up only 50% of the reach

cobble, gravel, and bedrock

30-50% embeddedness Fine silt and sediment surround the living spaces between the gravel and cobble

40% of the channel has been disturbed, but the disturbance occurred more than 20 years ago

50% of the bottom is affected by sand or silt accumulation, there is slight deposition in the pools

water reaches the base of both lower banks and a minimal amount of channel substrate is exposed.

A variety of vegetation is present and covers 80% of the stream bank surface

the stream banks are moderately stable with small areas of erosion or bank slumping is visible

early successional growth on disturbed land, forested vegetated buffer zone 30-50 feet wide

HERBSNINES
Yellow Root
Christmas Fern
River Cane



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Cooper Creek at Kipling Rd (Lower Hectors Creek Trib)

Date: 7/21/2003
Point of Assessment: 3LHT4

County: Harnett
River Basin: Cape Fear

Assessor Assessor
M. Hilhorst Jessica Rohrbach

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles

Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability

Score
14
11
15
15
14
18
18

9
9

9
9

10
10

161

Score
12
11
14
15
15
15
17

7
7

7
7

8
8

143

Productive habitats comprise 60% of the reach

substrate is composed of a tri model distribution of small cobble, course gravel, and fine sand

fine sediment and silt surrounds and fills 25% of the living spaces aroudn and between gravel and cobble

disturbance is greater than 20 years old

25% of the bottom is affected by sand or silt accumulation with slight deposition seen in pools

water reaches the base of both lower banks and a minimal amount of substrate is exposed.

A variety of vegetation is present and covers 90% of the stream bank surface.

Some open areas with unstable vegetation is present

Around 10% of the stream banks area affected by erosional areas

Around 10% of the stream banks area affected by erosional areas

forested land cover

forested land cover

Vegetated Buffer

Total Score:

Left Bank
Right Bank

Zone Width
Left Bank

Right Bank

Vegetation Notes:
TREES
American Holly
Red Maple
Elm
Tulip Poplar
Oak sp.

Ironwood/Sourwood
Dogwood
Pine sp.

SHRUBS/UNDERSTORY
Giant Cane
Virginia Willow

HERBSNINES
Smilax
Microstegium
Christmas Fern
Yellow Root
Poison Ivy

Jewel Weed
False Nettle



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Trib to Hector Creek

Date: 7/24/2003
Point of Assessment: 3LHT8

County: Harnett
River Basin: Cape Fear

Assessor Assessor
J.Rohrbach Marco Hilhorst

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability

Score
11
10
4

15
17
16
15

7
7"9
9

134

Red Maple

Score
11

10
7

13
14
15
18

7

9

8

136

Vegetated Buffer

Total Score:

Left Bank
Right Bank

Zone Width
Left Bank

Right Bank

Productive habitats make up less than 50% of the reach

substrate is dominated by cobble

70-80% embeddedness by sediment and silt

20% of the reach is affected by alteration but it is greater than 20 years old

20-35% of the bottom is affected by sand or silt accumulation.

water fills greater than 85% of the channel

80% plant cover with a few barren or thin areas present

80% plant cover with a few barren or thin areas present

less than 10% of the bank is affected by erosion

less than 10% of the bank is affected by erosion

early succession growth, predominantly shrubs with a few trees

early succession growth, predominantly shrubs with a few trees

HERBSNINES
Yellow Root
Christmas Fern
River Cane

Vegetation Notes:
TREES
Alder
American Holly
River Birch
Ironwood
Tulip Poplar



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Parkers Creek at Wade Stevenson Rd

Date: 2/6/2003
Point of Assessment: 3PM1

County: Harnett
River Basin: Cape Fear

Assessor Assessor
Greg Price Marco Hilhorst

Parameter
Instream Cover (fish)

Epifaunal Substrate
Embeddedness

Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank

Right Bank
Bank Stability

Score
15
16
17
14
16
16
13

6
5

7
7

9

147

Score
15
16
17
14
16
17
13

6
5

8
8

9
6

150

productive habitat expected for the stream type is seen in 70% of the reach

mixture of cobble and course gravel

20% of the stream was imbedded by small sediments <2mm and silt

very little channel alteration, what was altered was altered >20 years ago

less than 20% of the reach is affected by sediment deposition

riffles are present

less than 25% of the channel substrate is exposed

a variety of vegetation is present and covers 70% of the streambank surface with a few barren areas

moderately stable banks with small areas of erosion or bank slumping visible.

forest

planted lawn grass

Vegetated Buffer

Left Bank
Right Bank

Zone Width
Left Bank

Right Bank

Total Score:

Vegetation Notes:
TREES
White Oak
Swamp Chestnut Oak
American Holly
Dogwood

Red Maple
Tulip Poplar
Green Ash
Northern Red Oak
Elm

Sweet Gum HERBSNINES
Honeysuckle
Christmas Fern
Arundinaria



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Parkers Creek at Ball Rd

Date: 2/6/2003
Point of Assessment: 3PM2

County: Harnett
River Basin: Cape Fear

Assessor Assessor
Greg Price Marco Hilhorst

Parameter
Instream Cover (fish)

Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability
Left Bank

Right Bank

Vegetated Buffer Zone Width
Left Bank

Right Bank

Total Score:

Score
15
12
11
14

9
17
16

4
4

3
3

9
9

126

Score
15
12
10
14
9

19
16

5
5

5
5

9
9

133

productive habitats expected for this stream type were present in 70% of the reach

the substrate was dominated by cobble and gravel with sand

fine sediment and silt surrounds and fills 50-75% of the living spaces around and inbetween gravel and cobble

Any human disturbance of the channel is more than 20 years old and comprises less than 10% of the channel

50-65% of the stream bed is affected with moderate deposition in pools. Habitats are smoothered by sand, silt and fine gravel

water reaches the base of both lower banks and a minimal amount of the substrate is exposed.

70% of the streambank surface is covered by vegetation

70% of the streambank surface is covered by vegetation

the banks are moderately unstable with 40% of the bank area experiencing some erosion

the banks are moderately unstable with 40% of the bank area experiencing some erosion

forested

forested

Vegetation Notes:
TREES
Red Oak
Tulip Poplar
Sycamore
River Birch

Dogwood
American Holly
Green Ash
Beech Saplings
Red Maple

Red Cedar
Loblolly Pine
Hickory
Ironwood/Sourwood

SHRUBS/UNDERSTORY
Spicebush
Giant Cane

HERBSIVINES
Lycopodium
Microstegium
Christmas Fern
Carex
Crossvine

Carex
Smilax



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Parker's Creek

Date: 6/10/2003
Point of Assessment: 3PM3

County: Harnett
River Basin: Cape Fear

Assessor Assessor
Greg Price Marco Hilhorst

Parameter
Instream Cover (fish)

Epifaunal Substrate
Embeddedness

Channel Alteration
Sediment Deposition
Frequency of Riffles

Channel Flow Status
Bank Vegetative Protection

Left Bank

Right Bank
Bank Stability

Left Bank
Right Bank

Vegetated Buffer Zone Width
Left Bank

Right Bank

Total Score:

Score
19
17
18
18
17
18
18

7
7

8
8

10
10

175

Score
20
17
16
20

15
19
18

9
9

9
9

9
9

179

productive habitats expected for the stream type make up >70% of the stream. All habitats are common

mixture of cobble and gravel with stable woody debris

Little or no embeddedness present by fine silt and or sediment surrounding and covering rocks

no evidence of channel disturbance

very little sediment deposition detected

water reaches the base of both lower banks and minimal amount of channel substrate is exposed

a variety of vegetation is presentand covers 70-90% of the streambank surface.

Some open areas with unstable vegetation are present, but less than 10%

less than 10% of the bank is affected by erosion

forested

forested

Vegetation Notes:
TREES
Red Maple
Tulip Poplar
Cucumber Tree
Loblolly Pine

Hickory
Souther Red Oak
Sweet Gum
River Birch
Northern Red Oak
American Beech

SHRUBS/UNDERSTORY
Ironwood/Sourwood Ostuga Virginica
Dogwood Red Cedar
Blueberry Witch Hazel
American Holly Wild Azalea
Pawpaw

HERBSIVINES
Panicum
Microstegium
Christmas Fern
Grape
Poison Ivy

Cohosh
Jack-in Pulpit
Running Cedar
Maple leaf Viburnium



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Tributary to Avents Creek

Date: 2/6/2003
Point of Assessment: 3UAT16

County: Harnett
River Basin: Cape Fear

Assessor Assessor
Greg Price Marco Hilhorst

Parameter
Instream Cover (fish)
Epifaunal Substrate

Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status

Bank Vegetative Protection
Left Bank

Right Bank

Bank Stability

Score
14
12
15
9

15
13
15

5
6

5
5

3
4

121

Score
14
12

17
9

15
13
15

5
6

5
5

3
4

123

productive habitats expected for this stream type make up 50-70% of the reach

substrate is predominantly course gravel with some small cobble and some sand

fine sediment and silt surround and fill 25-50% of the living spaces around and in between the gravel

the reach has been disturbed and disturbance may be less than 20 years old

20-50% of the stream bed substrate is affected by sand or silt accumulation, there is slight deposition in the pools

less than 25% of the channel substrate is exposed

70% of the streambank surface is covered by vegetation, typically composed of grases and forbs

moderately unstable bank, the frequency and size of raw areas are such that high water events

have eroded some areas of the bank. Some bank slumping is visible.

planted lawn grass

old field

Vegetated Buffer

Left Bank
Right Bank

Zone Width
Left Bank

Right Bank

Total Score:

Vegetation Notes:
TREES
Red Maple
White Oak
Sweet Gum
River Birch

HERBSIVINES
Privet
Honey Suckle



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Kenneth Creek downstream of Wagstaff Rd.

Date: 1/21/2003
Point of Assessment: 4KM1

County: Wake
River Basin: Cape Fear

Assessor Assessor
S. Unger Greg Price/John Hutton

B. Duncan
Score ScoreParameter

Instream Cover (fish)
Epifaunal Substrate

Embeddedness
Channel Alteration

Sediment Deposition
Frequency of Riffles

Channel Flow Status
Bank Vegetative Protection

Left Bank

Right Bank
Bank Stability

Left Bank
Right Bank

Vegetated Buffer Zone Width
Left Bank

Right Bank

Total Score:

1 7 61

12
10
12
11
14
11

7
9

11

9
12

11

Less than 50% of the reach has productive habitats

substrate is a mixture of cobble and gravel

fine sediments surround and fill 50% of the living spaces around and in between gravel and cobble

some channel alterations have taken place, but more than 20 years ago.

50% of the bottom is affected by sand ofr silt accumulation. Some habitats are smoothered by fines.

water fills 75% of the available channel. 25% of the substrate is exposed

20% of the streambanks are covered by vegetation. 2 inches or less of average stubble height remain.

80-90% of the streambanks are experiencing erosional areas.

80-90% of the streambanks are experiencing erosional areas.

Planted lawn grass

Planted lawn grass

*1

1
*1

5
5

91

4

77

Vegetation Notes:
TREES
Sweet Gum
White Oak
American Holly
Red Maple

SHRUBS/UNDERSTORY
Privet

HERBSIVINES
Arundinaria
Crossvine
Honeysuckle
Christmas Fern



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Kenneth Creek at Chalybeate Springs

Date: 2/6/2003
Point of Assessment: 4KM5

County: Harnett
River Basin: Cape Fear

Assessor Assessor
Greg Price Marco Hilhorst

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability
Left Bank

Right Bank
Vegetated Buffer Zone Width

Left Bank
Right Bank

Total Score:

Score
19

17
15
16
12
16
16

7
7

6
6

-9
5

Score
20
17
17
16

12
17
16

7
7

5
5

9
5

153

Productive habitats make up over 70% of the reach

substrate is composed of a mixture of cobble, gravel and or woody debris

fine sediment surrounds and fills 20-30% of the living spaces around and inbetween gravel, cobble.

no evidence of disturbance

water reaches the base of both lower banks and a minimal amount of substrate is exposed.

a variety of vegetation is present and covers 80% of streambank surface.

Disruption is evident but not affecting full plant growth potential.

moderately stable banks with small areas of erosion or bank slumping visible.

Most areas are stable with only slight potential for erosion at flood stages.

Forest

active pasture

Vegetation Notes:
TREES
Red Maple
Tulip Poplar
Sycamore
Loblolly Pine

Red Oak
Sweet Gum
River Birch

SHRUBS/UNDERSTORY
Ironwood/Sourwood
Dogwood Deciduous Holly
Blueberry Giant Cane
American Holly
Water Oak

HERBS/VINES
Panicum
Microstegium
Christmas Fern
Grape
Jack-in Pulpit

Cardinal Flower (?)
Virginia Creeper
Smilax
Clad
Heartleaf
Carex



White Oak New York Fern (?)



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: UT TO Kenneth Creek upstream of Wagstaff Rd

Date: 1/21/2003
Point of Assessment: 4KT1 3

County: Wake
River Basin: Cape Fear

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration

Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability
Left Bank

Right Bank

Vegetated Buffer Zone Width
Left Bank

Right Bank

Total Score:

Assessor Assessor
S. Unger Greg Price/John Hutton

B. Duncan
Score Score

19 18 Productive habitats common for 70% of the reach

12 17 the substrate is a mixture of gravel, cobble, and stable woody debris

16 14 There is little to no embeddedness present by fine silt and or sediment surrounding and covering rocks

15 16 Channel disturbance is more than 20 years old

14 15 20% of the bottom is affected by sand or silt accumulation, there is slight deposition in the pools.

181 171
13 16 Water reaches the base of both lower banks and a minimal amount of the channel substrate is exposed.

*8 5 A variety of vegetation is present with 70% of the streambank surface covered with

8 5 a few barren or thin areas present with fewer plant species

8 20-30% of the streambanks have bank erosional areas.

8 6 20-30% of the streambanks have bank erosional areas.

9 8 land cover near stream is forest

9 9 land cover near stream is forest

157 152

Vegetation Notes:
TREES
Sweet Gum
White Oak
American Holly
Red Maple

SHRUBS/UNDERSTORY
Privet

HERBSNINES
Arundinaria
Crossvine
Honeysuckle
Christmas Fern



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: UT to Kenneth Creek at Academy St

Date: 1/21/2003
Point of Assessment: 4KT19

County: Wake
River Basin: Cape Fear

Assessor Assessor
J. Hutton Greg Price

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability
Left Bank

Right Bank
Vegetated Buffer Zone Width

Left Bank
Right Bank

Total Score:

Vegetation Notes:
TREES
Tulip Poplar
Water Oak
Gum
Dogwood

Score
8
6
2
1
3
7

11

1
1

1

5

5
5

52

Score
8
6
3
5
3
6

15

2
2

1
1

5
5

62

Productive habitats expected for stream type make up <50%

Substrate is a mixture of sand and bedrock

Fine sediment and silt surrounds and fills more than 75% of the living spaces available

more than 90% of the stram site has been dredged or otherwise altered.

80-90% of the bottom is affected with heavy deposition from coarse and fine gravel and sand. No pools

water fills more than 75% of the available channel

Little to no vegetative cover on the stream banks with many bare spots and rock

stream banks are unstable. Mass erosion and bank failure is evident. Erosion and pronounced

undercutting is present. 70-80% of the stream bank has erosional areas

Buffer area is comprised of early successional growth on disturbed land with a few trees and shrubs

Buffer area is comprised of early successional growth on disturbed land with a few trees and shrubs

The banks are box-cut or stabilized with rip-rap or no longer have native vegetation.

Instream habitat is highly altered.

Loblolly Pine
SHRUBS/UNDERSTORY
Azalea
Sycamore Sapplings
American Holly

HERBSIVINES
Briar
Ivy



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: UT to Kenneth Creek at Wade St

Date: 1/21/2003
Point of Assessment: 4KT19T1

County: Wake
River Basin: Cape Fear

Assessor Assessor
J. Hutton Greg Price

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration

Sediment Deposition
Frequency of Riffles

Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability

Score
13
12
8
9
7

16
11

4
4

4
4

5
6

103

Score
13
11
7
8
4

16
13

4
4

4
4

6
7

101

Productive habitats make up approximately 60% of the reach. Most habitats are smothered by sand.

substrate is comprised of small gravel stones and sand

Fine sediment and silt surround and fill 60% of the living spaces around and in between the gravel

somewhat channelized. 40-80% of the area has been dredged or otherwise altered.

65-80% of the bottom is affected with moderate deposition in the pools.

water reaches the base of both lower banks and minimal amount of channel substrate is exposed.

60% of the stream bank surface is covered by vegetation, which is typically composed of scattered

shrubs, grasses, and forbs. Thin or bare spots are visible and closely cropped.

60% of the banks have erosional areas. Stream banks are moderately unstable.

pasture/agriculture

Vegetated Buffer

Total Score:

Left Bank
Right Bank

Zone Width

Left Bank
Right Bank

Vegetation Notes:
TREES
Loblolly Pine
White Oak
Gum
Red Maple

SHRUBS/UNDERSTORY
Privet

HERBSNINES
Briar
Ivy



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: Neill's Creek AT SR1403 Harnett Central Rd

Date: 2/6/2003
Point of Assessment: 4MNM1

County: Harnett
River Basin: Cape Fear

Assessor Assessor
Greg Price Marco Hilhorst

Parameter
Instream Cover (fish)
Epifaunal Substrate

Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles

Channel Flow Status
Bank Vegetative Protection

Left Bank

Right Bank
Bank Stability

Left Bank
Right Bank

Vegetated Buffer Zone Width
Left Bank

Right Bank

Total Score:

Score
19
17
20
19
17
19
18

8

8

9

10
183

Score
19
19
20
19
18
19
18

9
8

9
9

10

187

Productive habitats make up >70% of the reach

mixture of gravel and sand

less than 10% embeddedness

no evidence of channel disturbance

less than 20% of the bottom is affected by sand or silt accumulation

water reaches both lower banks and a minimal amount of channel substrate is exposed

a variety of vegetation is present and covers 90% of the stream bank surface, some disruption is evident.

a variety of vegetation is present and covers 90% of the stream bank surface, some disruption is evident.

Banks are stable, erosion is minimal, less than 10% is affected by bank erosion

Banks are stable, erosion is minimal, less than 10% is affected by bank erosion

forested vegetative buffer zone > than 50 feet wide later successional stage.

forested vegetative buffer zone > than 50 feet wide later successional stage.

Vegetation Notes:
TREES
American Beech
River Birch
Red Maple
Ironwood/Sourwood

Red Oak
Loblolly Pine

SHRUBS/UNDERSTORY
American Holly
Privet
Giant Cane
Mountain Laurel

HERBSNINES
Smilax
Crossvine



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: UT to Neill's Creek

Date: 7116/2003
Point of Assessment: 4UNM1

County: Harnett
River Basin: Cape Fear

Assessor Assessor
M.Hilhorst Marshall Wight

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability
Left Bank

Right Bank
Vegetated Buffer Zone Width

Left Bank
Right Bank

Total Score:

Score Score
18 18

17 17
S 13 15
15 15
17. 18
19 19

20 18

9 =189 9

9

10 10
101 10

' 175' 175

Sweet Gum
White Oak

Productive habitats make up >70% of the reach

the substrate is dominanted by course gravel with some sand and cobble

fine sediment and silt surround and fill 40% of the living spaces around an in between the gravel

some man-made channel disturbance has occurred, but the disturbance is more than 20 years old.

less than 20 % of the channel is affected by sediment deposition with some accumulation in runs and pools

Water reaches the base of both lower banks and a minimal amount of the substrate is exposed

More than 90% of the stream bank surface is covered by native/natural vegetation.

banks are stable. Less than 10% is affected by bank erosion

forest

forest

Vegetation Notes:
TREES
Water Oak
River Birch
Flowering Dogwood
Red Cedar

HERBSNINES
Panicum
Microstegium
Christmas Fern



Habitat Assessment Worksheet: Riffle/Run Prevalent Stream
Stream: UT to Neills Creek

Date: 7/30/2003
Point of Assessment: 4UNT13

County: Harnett
River Basin: Cape Fear

Lat./Long. Coordinates:

Assessor Assessor
J. Elmore Marshall Wight

Parameter
Instream Cover (fish)
Epifaunal Substrate
Embeddedness
Channel Alteration
Sediment Deposition
Frequency of Riffles
Channel Flow Status
Bank Vegetative Protection

Left Bank
Right Bank

Bank Stability

Score
5
6

18
3

12
18
18

2
2

5
5

2
2

98

Score
5
7

18
8

15
18
11

7
7

8
7

2
2

115

Only 2 of the 7 productive habitats are present and comprise less than 50% of the reach

the substrate is dominanted by gravel

there is little to no embeddedness present by fine silt, with the exception of one pool

More than 90% of the stream site has been dredged or otherwise altered. Banks are box-cut.

20-35% of the bottom is affected by sand or silt accumulation. There is some bar formation

water fills 75% of the available channel, some substrate is exposed on bars

70% of the banks are covered with vegetation. Thin or bare spots are visible and there is closely cropped

vegetation with less than 1/2 the plant stubble height remaining.

moderately unstable banks in some locations. Medium areas of erosion or bank slumping is visible.

riparian vegetation and land cover is active horse pasture, consisting of planted grasses and forbs with

some scattered trees.

HERBSNINES
Fescue
forbs

Vegetated Buffer

Total Score:

Left Bank
Right Bank

Zone Width
Left Bank

Right Bank

Vegetation Notes:
TREES
Black Willow
Cedar



Appendix 3
Photo Log



2WOM I -Pool 2WOM I -Riffle

2WOT16 - Pool 2WOT 16 - Riffle

I I

2LWOM2 2LWOM2



2BM4 - Riffle 2BM4 - Pool

2BT12 - Bedrock 2BT12

3PM 1 - Pool 3PM I -Riffle



3PM 1 - 100 ft Downstream of Road 3PM2 - Pool

3PM2 - Riffle 3PM3 - Pool

3PM3 - Riffle 3UAT16



3LAM2 - Pool 3LAM2 - Riffle

3LAT7 - Riffle 3LAT7 - Pool

3LHT4 - Riffle 3LHT8



3LHM3 4KM 1

4KM5 4KM5

4KT 13 4KT13



4KT 19 - Riffle 4KT 19 - Pool

4KT19TI 4KT17TI

4MNMI 4MNM 1



L.

4UNT134UNM1



3UAM3

I

3LAM3 - Upstream 3LAM3 - Downstream

3UHM4 - Upstream 3UHM4 - Downstream



3LHT6

3LHM2 - Upstream 3LHM2 - Downstream



3UAM3

I

3LAM3 - Upstream 3LAM3 - Downstream

3UHM4 - Upstream 3UHM4 - Downstream



3LHT6

3LHM2 - Upstream 3LHM2 - Downstream




