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Executive Summary

1. Project Goals and Objectives

The primary goals of this stream restoration project focus on improving water quality, enhancing flood 
attenuation, and restoring aquatic habitat and will be accomplished by:

• Reducing non-point sources of pollution associated with historic lawn maintenance in the park 
area by providing a vegetative buffer adjacent to Little Alamance Creek and its unnamed tributary 
and the installation of stormwater best management practices to treat surface runoff. The riparian 
buffer will remain in a State-owned conservation easement in perpetuity.

• Reducing sedimentation on-site and in downstream receiving waters through a reduction of bank 
erosion associated with current vegetation maintenance practices and through providing a forested 
vegetative buffer adjacent to Little Alamance Creek and its tributary.

• Reestablishing stream stability and the capacity to transport watershed flows and sediment loads 
by restoring stable dimension, pattern, and profile.

• Promoting floodwater attenuation through increased flood storage capacity by construction of 
bankfull benches along Little Alamance Creek and its tributary.

• Improving aquatic habitat by enhancing stream bed variability.

The EEP is currently in Phase II of developing a Local Watershed Plan (LWP) in the Little Alamance, 
Travis, and Tickle Creek watersheds with interested stakeholders.  The LWP goals include both short- and 
long-term strategies to restore, manage, and protect vital functions in the watershed.  The Little Alamance
stream project was identified through the LWP process and the projects meet three of the six planning 
goals, which include: 

a) Increase local government awareness of the impacts of urban growth on water resources; 

b) Improve water quality through stormwater management; 

c) Identify and rank parcels for retrofits, stream repair, preservation, and/or conservation.

2. Existing Amount of Streams and Wetlands

The existing length of Little Alamance Creek within City Park is approximately 2,636 linear feet.  The 
existing length of the Unnamed Tributary is approximately 422 linear feet.  These distances were
measured along the streams’ thalwegs within the project limits.  There are no wetlands located on the 
project site.

Bare root seedlings of tree and shrub species will be planted within the buffer at a density up to 555 stems 
per acre (10-foot centers).  Appropriate species on live stakes will be installed within the bankfull 
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channel.  Planting will be performed between December and March to allow plants to stabilize during the 
dormant period and set roots during the spring.  

Existing non-native exotics within the proposed buffer will be removed during construction.  Exotic 
shrubs will be removed with construction equipment or cut and the stumps treated with an appropriate 
herbicide.

Little Alamance Creek and its unnamed tributary are located in City Park and are easily accessible by the 
public.  This setting can provide an excellent opportunity for environmental education promoting the 
importance of water quality, riparian buffers, terrestrial and aquatic habitats, and reduction of point and 
non-point source pollution. There is also the opportunity to have students from Walter M. Williams High 
School involved in future project monitoring.  The school is located just northeast of City Park.

3. Amount of Streams and Wetlands Designed

The stream restoration will reduce the total stream length of Little Alamance Creek by approximately 
3 feet, to a length of 2,633 linear feet.  The reduction is the result of increasing the radius of curvature of 
one tight bend near the ball field.  The length of the unnamed tributary will not change.  Jurisdictional 
wetlands are not proposed as part of this mitigation design.
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1.0 Project Site Identification and Location

The project is located in City Park in the City of Burlington, Alamance County, North Carolina
(Figure 1).

Directions to Project Site

From Interstate 40/85, take North Carolina Highway 62 (NC 62)/Alamance Road north (exit 143).  Go 
approximately 1 mile to the intersection with US Highway 70 (S. Church Street) and make a right (east).  
City Park is located approximately 0.25 mile on the right.  

1.1 USGS Hydrologic Unit Codes (8 and 14-digit)

Little Alamance Creek and its unnamed tributary are located in the 8-digit Hydrologic Unit Code (HUC) 
03030002 and the 14-digit Local Watershed Unit HUC 03030002040010.  Both streams are located in the 
North Carolina Division of Water Quality (NCDWQ) Subbasin 03-06-03 (NCDWQ 2005).  The NCEEP 
identifies this HUC as a targeted Local Watershed in their Watershed Restoration Plan for the Cape Fear 
River Basin (NCDENR 2001).  Watersheds in this plan exhibit the need and opportunity for stream and 
riparian buffer restoration.

1.2 NCDWQ River Basin Designations

Little Alamance Creek and its unnamed tributary are located in the Cape Fear River Basin.  The 
information presented in the following section is derived from the Cape Fear Basinwide Assessment 
Report (NCDWQ 2005a).  The Cape Fear River Basin drains the middle portion of North Carolina and 
includes portions of 26 counties and 115 municipalities.  It is one of four river basins completely 
contained within North Carolina state boundaries.  It is the state’s largest river basin (9,322 square miles) 
and flows southeast from the north-central Piedmont region near Greensboro to the Atlantic Ocean near 
Wilmington (NCDWQ 2005a).

2.0 Watershed Characterization

2.1 Drainage Area

The drainage area of Little Alamance Creek is approximately 4.2 square miles.  Approximately 40 to 50
percent of the drainage area is impervious.  The majority of the drainage area (approximately 80 percent) 
is urban residential consisting of single family homes.  The remaining 20 percent of the watershed is 
comprised of city streets, businesses, light industrial and natural/undeveloped areas.  There are several 
impoundments located in the watershed; the two largest are Mays Lake and Gant Lake (Figure 2).

The drainage area of the unnamed tributary is approximately 0.1 square mile.  Nearly 100 percent of the 
drainage area is urban residential and city streets. Approximately 50 to 60 percent of the drainage area is 
impervious.  Table 1 outlines the drainage area of both streams, and Table 2 describes the land uses.

Major point sources of contaminants that contribute to the degradation of water quality in the drainage 
area are stormwater culverts draining city streets.  These culverts carry all contaminants deposited by 
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vehicles and residents on city streets to the stream system.  Non-point sources included runoff from 
residential yards.  Runoff from residential yards includes fertilizers, herbicides, and pesticides.  

2.2 Surface Water Classification

Best usage classification for surface waters is determined by NCDWQ.  Both Little Alamance Creek and 
its unnamed tributary are classified as Class C, nutrient sensitive waters (NSW).  Class C denotes waters 
that are suitable for aquatic life propagation, wildlife, secondary recreation, and agriculture.  

Section 303(d) of the Clean Water Act (CWA) requires states to develop a comprehensive public 
accounting of all impaired waters.  The list includes waters impaired by pollutants, such as nitrogen, 
phosphorus and fecal coliform bacteria, and by pollution, such as hydromodification and habitat 
degradation.  The source of impairment might be from point sources, nonpoint sources, or atmospheric 
deposition.  Little Alamance Creek is listed on the North Carolina 303(d) List as impaired due to impaired 
biological integrity (NCDWQ 2006).  The impairment is due to fair and poor benthic community ratings 
at benthic monitoring sites BB388, BB193, BB131, and BB78.  An NCDWQ total maximum daily load 
(TMDL) stressor study found that urban runoff from large impervious surface areas in the watershed has 
caused stream channelization with associated habitat degradation.  Pollutants associated with urban runoff 
as well as riparian area removals are also noted stressors to the benthic community.  The report noted that 
streambank erosion exists and many storm sewers discharge into Little Alamance Creek (NCDWQ 2005).

2.3 Physiography, Geology and Soils

The Little Alamance Creek restoration site is located in the Piedmont Physiography Province of North 
Carolina.  The Piedmont Province occupies about 45 percent of the area of the state and consists of 
generally rolling, well-rounded hills and ridges with a few hundred feet of elevation difference between 
the hills and valleys.  Elevations in the Piedmont range from 300 to 600 feet above mean sea level (ft msl) 
near its border with the Coastal Plain to 1,500 feet at the foot of the Blue Ridge (NCGS 2004).  The 
Piedmont includes some relatively low mountains, including the South Mountains and the Uwharrie 
Mountains.  Elevations within the restoration site range from approximately 575 to 610 ft msl.

According to the Natural Resources Conservation Service (NRCS) Official Soil Series Descriptions 
(OSD) webpage, four soil series are located on the project site (Cecil, Enon, Lloyd, and Urban).  No 
hydric soils are located within the restoration site (Figure 3).  Table 3 discusses these soil series.

2.4 Historical Land Uses and Development Trends

As far back as could be researched, the site has been in its current condition.  A city directory search of 
the area conducted by Environmental Data Resources, Inc. (EDR 2007) shows that the city pool, city 
recreational center, and the City Department of Recreation and Parks were located at their current site in 
1964.  Currently, the watershed is nearly fully developed by a light industrial residential mosaic.  The 
characteristics of the watershed are not expected to change in the near future.
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2.5 Endangered and Threatened Species

Some populations of fauna and flora have declined, or are in the process of declining due to either natural 
forces or their inability to coexist with humans.  Federal law (under the provisions of Section 7 of the 
Endangered Species Act of 1973, as amended [ESA]) requires that any action likely to adversely affect a 
species classified as federally protected is subject to review by the United States Fish and Wildlife 
Service (USFWS).  Other species may receive additional protection under state laws.  

ARCADIS conducted a file review at the North Carolina Natural Heritage Program’s (NHP) records to 
help identify the presence of federally protected species.  Protected species lists for Alamance County 
were also obtained from the USFWS and NHP internet sites. 

As of May 10, 2007, the USFWS lists no federally threatened or endangered species as potentially 
occurring in Alamance County.  The USFWS lists six federal species of concern (FSC) for Alamance 
County (USFWS 2007).  Federal species of concern are not protected under the provisions of the ESA.  
FSC species are defined as species that are under consideration for listing, but for which there is 
insufficient information to support listing as threatened or endangered (formerly C2 candidate species).  
The status of these species may be upgraded at any time, thus they are included here for consideration.  

Table 4 describes FSC species for Alamance County, their habitat requirements, and if suitable habitat is 
available.

2.5.1 Biological Conclusion

The proposed restoration project will have no effect on federally listed threatened or endangered species.

2.5.2 Federal Designated Critical Habitat

The USFWS designates critical habitats that are deemed necessary for the survival of federally listed 
threatened or endanger species.  Activities within these designated areas are subject to federal review and 
approval.

2.5.3 Habitat Description

There are no designated critical habitats within the project area (USFWS 2007).

2.5.4 Biological Conclusion

The proposed restoration project will have no effect on federally designated critical habitats.

A formal letter was sent to the USFWS on April 10, 2007, requesting a site review.  ARCADIS has not 
received a response to date from USFWS.  A formal letter was sent to North Carolina Wildlife Resources 
Commission (NCWRC) on April 10, 2007, requesting a site review.  The NCWRC recommend 
preserving as many mature trees as possible (ARCADIS 2007).
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2.6 Cultural Resources

A review of North Carolina Historic Preservation Office (NCHPO) files was conducted, and no resources 
were identified within the project area.  Several historic structures were identified outside the project area.

2.6.1 Potential for Historic Architectural Resources

A known historic carousel is located within the City Park site.  This carousel is located near the northern 
portion of the site, approximately 100 feet from Little Alamance Creek.

2.6.2 Potential for Archaeological Resources

No potential archaeological resources were identified at the City Park site.

2.6.3 SHPO/THPO Concurrence

A formal letter was sent to NCHPO on April 10, 2007, for a project site review.  A response was received 
on May 10, 2007.  NCHPO had no comment on the City Park site.  

2.6.4 Other Compliance Issues

There are no other compliance issues associated with this site.

2.7 Constraint Analysis

Constraints affecting stream restoration options include: five pedestrian crossings, two train crossings, 
train tracks (and other park facilities, including the historic carousel), sanitary sewer lines, stormwater 
culverts, water lines, construction window related to park operations, and existing mature trees.

2.7.1 Property Ownership and Site Access

The site is located on property owned and operated by the City of Burlington.  The City has agreed to the 
stream restoration project.  The site is easily accessed from City streets or parking lots.  City Park is 
heavily used by the public.  A carousel and an amusement train railway are located within the park.  The 
carousel is outside of the potential area of disturbance.  However, the train tracks cross the stream in two 
locations.  There are also five pedestrian crossings, one of which is also used for City vehicle access.

2.7.2 Environmental Screening

An EDR report was obtained for the site.  The EDR report summarizes a search of available 
environmental records for the evaluation of environmental risks associated with a parcel or real estate.  
The EDR report for the Little Alamance Creek site identified 7 underground storage tanks (UST) and 12 
leaking underground storage tanks (LUST) with 1/4 mile of the site.  Six of the USTs have been 
permanently closed, and one is currently in use (Fairway One Stop gas station, 1382 South Church 
Street).  Of the 12 LUSTs, 8 have been closed out and 4 were in the response phase (ARCADIS 2007).  
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2.7.3 Utilities and Easements

There are several sanitary sewer lines within City Park.  In most cases the sewer lines are located an 
adequate distance from the streams so that they will not affect restoration practices.  There are locations 
where the sewer line is located within 15 feet of the top of stream bank.  The design will be adjusted to 
avoid damaging the sewer lines.  Portions of the sewer lines are located within the proposed 50-foot 
buffer.  Based on conversation with City of Burlington staff, planting can occur over the sewer lines.  
However, access to the manholes within the buffer needs to be maintained.  Access could consist of a 10-
to 12-foot wide path from edge of the buffer to the manhole.

Two exposed sewer lines cross Little Alamance Creek, both near the carousel.  The sewer line crossings 
are ductile iron pipe, which is very durable and can tolerate high stream flows.  These crossings will have 
little effect on the stream restoration design.  At most, the stream banks may require some riprap armoring 
in these areas. 

2.7.4 FEMA / Hydrological Trespass

Restoration activities will involve stabilizing the stream in its current location.  Stream banks will be 
regraded to a more gradual slope and a riparian buffer established.  The stream bed elevation will not be 
raised.  Stormwater BMPs will likely consist of dry detention ponds or wet gardens that dry quickly after 
storm events.  Hydrological trespass is not a concern due to the fact that wetland mitigation will not take 
place at the site.  

A No Impact Study will be conducted to determine any impacts to the floodplain from restoration.  If 
negative impacts to the floodplain are discovered, a Conditional Letter of Map Revision may need to be 
prepared and submitted to FEMA in order to obtain a work permit for the project.

3.0 Project Site Streams (Existing Conditions)

Little Alamance Creek is located in City Park in the City of Burlington.  The project begins at a culvert 
beneath South Church Street and continues approximately 2,640 feet through City Park and ends at a 
bridge at Overbrook Road.  An unnamed tributary enters Little Alamance Creek approximately 500 feet 
downstream of South Church Street.  The approximately 500-foot-long unnamed tributary begins at a 
culvert under Overbrook Road.  Little Alamance Creek is approximately 30 to 60 feet wide at the top of 
bank with banks ranging between 4 and 8 feet high and bank heights ratios between 1.0 and 1.4.  The 
unnamed tributary is approximately 5 to 10 feet wide at the top of bank with bank heights of 2 to 4 feet
and bank heights ratios between 1.0 and 1.3.

Little Alamance Creek flows through a maintained park setting, with several large mature trees outside 
the stream banks.  A paved walking trail winds among the trees and crosses Little Alamance Creek in five 
locations.  The majority of the park is regularly mowed.  However, the City recently implemented a no 
mow policy on the stream banks and 10 to 20 feet beyond the top of the stream bank.  The intent of the no 
mow area is to allow a buffer to reestablish naturally along the stream.  An amusement train railway 
crosses the stream in two locations in this area.  Downstream of the amusement train railway, the stream 
flows south of a historic carousel and then north of a baseball/softball field.  Little Alamance Creek then 
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exits the site under Overbrook Road. A beaver dam was identified near the downstream end of the project 
after the detailed stream survey.  The design sheets do not show the beaver dam and associated backwater.

Several areas along Little Alamance Creek are experiencing severe bank erosion.  The most severe areas 
include the left bank, just downstream of the first pedestrian crosswalk, the left bank in the tight radius 
downstream of the first trestle, and the right bank adjacent to the baseball field and upstream of the last 
pedestrian crosswalk.  These areas are experiencing high to extreme Near Bank Stress (NBS) resulting 
from high, vertical banks and/or tight radii.  The Bank Erosion Hazard Index (BEHI) rating for these areas 
ranged from very high to extreme due to a lack of woody vegetation and high, vertical banks.  Bank 
erosion has caused the stream to become overly wide in these sections and transverse and/or central bars 
have developed because the stream lacks the capacity to transport sediment through these reaches.  
Herbaceous vegetation has become well established throughout the entire restoration reach; however, the 
rooting depth is very shallow.  

There are also several sections of Little Alamance Creek that are fairly stable due to the presence of 
woody vegetation along the banks and/or lower bank angles.  The left bank along the last 500 feet of the 
proposed restoration reach is stabilized by a fairly dense stand of woody vegetation.  Mature hardwoods 
along with several shrubby species such as tag alder (Alnus serrulata) also serve to stabilize the banks in 
the tight meander just upstream of the third pedestrian crosswalk.  Riprap is also providing bank 
protection in this tight meander.  The right bank, downstream of the third pedestrian crosswalk, is also 
vegetated and fairly stable.

The unnamed tributary is slightly incised and exhibits bank erosion along the majority of this reach.  
There is very little woody vegetation to support the stream banks aside from a few scattered black willow 
(Salix nigra) trees at the upstream end.  Herbaceous vegetation dominates the stream banks along this 
reach of the unnamed tributary; however, the shallow rooting depth has led to bank erosion along the 
lower portions of the banks and created several undercut banks. Photographs of the site are included in 
Appendix 1.

3.1 Channel Classification

Little Alamance Creek is classified as a C/E5/1 stream type.  The C5 stream type is a slightly entrenched, 
meandering, sand dominated, riffle/pool channel with a well developed floodplain (Rosgen 1996).  The 
E5 stream type is characterized by low to moderate sinuosity, gentle to moderately steep gradients with 
very low channel width to depth ratios (Rosgen 1996).  The substrate of an E5/1 or C5/1 stream type is 
comprised mainly of sand, with the occurrence of bedrock.  The hybrid classification given to Little 
Alamance Creek reflects the range of channel dimensions found throughout the site.  

The unnamed tributary to Little Alamance Creek is classified as an E4/1 stream type; however, it is 
slightly incised throughout most of the reach with bank height ratios ranging between 1.0 and 1.3.  The E4 
stream type is characterized by low to moderate sinuosity, gentle to moderately steep gradients with very 
low channel width to depth ratios (Rosgen 1996).  The substrate of an E4/1 stream type is comprised 
mainly of gravel with the occurrence of bedrock. NCDWQ Stream Classification Forms were prepared 
for both streams.  Little Alamance Creek scored 47.5.  The unnamed tributary scored 33.  Stream 
classification forms are presented in Appendix 2.  
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3.2 Discharge (bankfull, trends)

The bankfull discharge was determined by first calculated the streams average velocity.  Using the 
Manning’s equation with a calculated Manning’s “n” value of 0.054 ft 1/6, the average velocity for the 
channel is 2.5 feet per second.  Applying this velocity over the average cross sectional area of the channel
(95.0 square feet [ft2]), a discharge of 237.5 cubic feet per second (cfs) is calculated.  This discharge was 
then compared to the revised North Carolina Rural Curves developed by Haywood County Natural 
Resources Conservation Service.  Based on the curve the bankfull discharge for a 4.2 square mile 
drainage area is approximately 188.0 cfs.  This value is less than calculated discharge.  However, as with 
the bankfull cross sectional area discussion above, the bankfull discharge taken from the regional curve is 
expected to be lower than the actual stream discharge because of the urban setting.  The calculated 
discharge is likely to be more accurate than the discharge determined by the regional curves since it 
reflects actual on site conditions.

3.3 Channel Morphology (Pattern, Dimension, Profile)

The channel dimension was measured by taking cross section surveys of the channel at representative 
locations.  Six riffle cross sections were measured on Little Alamance Creek; two on the unnamed 
tributary.  The upstream-most cross section on Little Alamance Creek was not used in the channel 
morphology assessment.  This cross section is located just downstream of the box culvert under South 
Church Street.  This proximity to the culvert has resulted in an excessively wide channel which is not 
representative of the entire reach.  Stream dimension information was obtained from the remaining cross 
sections.  Little Alamance Creek’s cross sectional area ranged between 79.3 ft2and 125.0 s ft2 with an 
average of 95.0 ft2.  Channel width ranged from 31.8 feet to 42.5 feet with an average of 36.2 feet, and 
mean depth ranged between 2.2 feet and 2.9 feet, with an average of 2.6 feet.  The width to depth ratio 
ranged between 11.6 and 17.0 with an average of 14.0. The unnamed tributary’s cross sectional area 
ranged between 14.8 ft2 and 16.7 ft2 with an average of 15.8 ft2.  Channel width ranged from 10.9 feet to 
13.0 feet with an average of 12.0 feet, and mean depth ranged between 1.1 feet and 1.5 feet with an 
average of 1.3 feet.  The width to depth ratio ranged between 7.1 and 11.5 with an average of 9.3.

Sinuosity is the measure of the pattern or the curviness of a stream channel. Sinuosity is calculated by 
dividing the stream length by the valley length or dividing the valley slope by the stream slope.  The 
sinuosity of Little Alamance Creek calculated to be 1.2.  The sinuosity of the unnamed tributary
calculated to be 1.1.

The average water surface slope of Little Alamance Creek is 0.0024 ft/ft (0.24 percent).  Little Alamance 
Creek is a pool-dominated system with approximately 65 percent of the stream length being comprised of 
pools.  In the middle section of the project reach, the pools are separated by fairly short and steep bed 
rock steps.

The average water surface slope of the unnamed tributary is 0.0095 ft/ft (0.95 percent).  The upper reach 
immediately downstream of Overbrook Road is steeper than the lower reach at the confluence with Little 
Alamance Creek.  The lower reach is located in the relatively flat floodplain of Little Alamance Creek.

The particle size distribution of Little Alamance Creek’s substrate is:
D16 =  0.2 mm D35 = 0.7 mm D50 = 2.4 mm D84 = 138.0 mmD95 = 216.0 mm 
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The particle size distribution of the Unnamed Tributary’s substrate is:
D16 =  0.2 mm D35 = 0.5 mm D50 = 3.4 mm D84 = 19.0 mm D95 = 53.0 mm 

Tables 3 and 4 and sheets 3 and 3A of the design sheets show the channel morphology measurements.

3.4 Channel Stability Assessment

A BEHI analysis was performed on Little Alamance Creek and its unnamed tributary.  The ratings ranged 
from low to extreme on Little Alamance Creek and from low to very high on the unnamed tributary.  
Contributing to the high, very high and extreme ratings were high bank heights, shallow rooting depths,
and low rooting densities (a function of the lack of woody vegetation).  Near bank stress (NBS) ranged 
from low to extreme on both Little Alamance Creek and the unnamed tributary.  Extreme NBS ratings 
were due to high banks, central bars, and tight meander bends.  Based on these ratings, an estimated 694
tons of sediment per year are being contributed by this reach of Little Alamance Creek, and the unnamed 
tributary is contributing an additional 55 tons of sediment per year. The BEHI and NBS data sheets are 
included in Appendix 3.

The modified channel stability rating for both streams was determined to be poor (unstable) according to 
the Pfankuch channel stability rating.

3.5 Bankfull Verification

The riffle cross sectional areas were compared to the revised North Carolina Rural Curves developed by 
Haywood County Natural Resources Conservation Service.  The revised curve predicts the cross sectional 
area for Little Alamance creek and the unnamed tributary to be 46.1 ft2 and 3.2 ft2, respectively.  The 
actual average cross sectional area was measured to be 95.0 ft2 on Little Alamance Creek and 15.8 ft2 on 
the unnamed tributary. This is exactly what was expected to occur because of the streams urban setting.  
In order to validate the bankfull determination, cross section measurement was taken on Brown Branch 
(the adjacent watershed to the east) and several other urban streams.  These areas were plotted against the 
North Carolina Rural Curves to see where they would fall in relation to the curve and each other.  They 
were all consistently 2 to 3 times greater than the curve.  Based on this relationship, it is expected that the 
correct bankfull indicator was selected on all streams surveyed.

3.6 Vegetation

Dominant woody vegetation observed on site includes: willow oak (Quercus phellos), sweet gum 
(Liquidambar styraciflua), tulip popular (Liriodendron tulipifera), red maple (Acer rubrum), white 
mulberry (Morus alba), tag alder (Alnus serrulata), Chinese privet (Ligustrum sinense ), American elm
(Ulmus Americana), black willow (Salix nigra), weeping willow (Salix babylonica), eastern red cedar
(Juniperus virginiana), green ash (Fraxinus pennsylvanica), box elder (Acer nugundo), redbud (Cercis 
canadensis), trumpet creeper (Campsis radicans), mimosa (Albizia julibrissin), persimmons (Diospyros 
virginiana), winged elm (Ulmus alata), Virginia creeper (Parthenocissus quinquefolia), tree of heaven 
(Ailanthus altissima), Flowering dogwood (Cornus florida), river birch (Betula nigra), Virginia pine 
(Pinus virginiana), and poison ivy (Toxicodendron radicans).
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Herbaceous vegetation on site includes various jewel weed (Impatiens capensis), poke weed (Phytolacca 
americana), Japanese stiltgrass (Microstegium vimineum), tear-thumb (Polygonum saggitafolia), false 
nettle (Boehmeria cylindrica), dodder vine (Cuscuta gronovii), and fescue grasses (Festuca sp.).

4.0 Reference Streams

Due to the confined nature of Little Alamance Creek and the unnamed tributary, in combination with the
urban setting, data used to develop the restoration plan were derived from several reference reaches and 
several restored streams in Greensboro, North Carolina.  These streams were chosen because they 
exhibited valley types and watersheds similar to those at the restoration site.  Data from a reach of Brown 
Branch in the City of Burlington were also used.  The majority of the proposed work on site will consist 
of Enhancement I.  Only one short section of the channel thalweg will be realigned.  Therefore, several 
geomorphic measurements were not taken on the reference streams.  These include stream pattern, stream 
profile, and several stream feature cross sections.  Figure 4 shows the location of the reference streams 
used. Morphological measurements of the reference streams are shown in Table 4 and 5 and design 
sheets 3 and 3A.

4.1 Watershed Characterization

The Greensboro reference streams are located in urban watersheds.  The watersheds ranged from urban 
residential to urban industrial.  Watershed sizes ranged from 0.18 square mile to 0.77 square mile.

4.2 Channel Classification

The reference streams used in the design are classified as C4, E4, and C/E4 streams.  Characteristics of 
C4 and E4 streams are discussed in section 3.1.

4.3 Discharge (bankfull, trends)

Bankfull discharges were obtained from the revised North Carolina Rural Curves.  These discharges 
ranged from 14.1 cfs to 45.5 cfs.  As with the reach of Little Alamance Creek and the unnamed tributary
to be restored, the discharges of the reference streams taken from the regional curves are expected to be 
lower than the true discharge because of the urban setting.

4.4 Channel Morphology (pattern, dimension, profile)

Channel pattern and profile measurements were not collected on the reference streams.  Due to the 
restoration site constraints, significant channel realignment is not proposed.  Therefore, pattern and profile 
measurements were not required.  Bankfull cross sectional areas ranged from 13.0 ft2 to 35.3 ft2, bankfull 
width ranged from 9.5 feet to 20.9 feet, mean depth ranged from 1.4 feet to 1.7 feet and width to depth 
ratios ranged between 6.9 and 12.4.

4.5 Channel Stability Assessment

Visual assessments of channel stability were made during the site visit to each reference stream.  In 
general, the banks of all the reaches assessed appeared to be stable.  However, areas of bank erosion were 
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observed at all the sites, including the newly restored sites.  The cross section measurements were taken at 
stable sections well outside the influence of the bank erosion areas. 

4.6 Bankfull Verification

A cross section was taken at a typical riffle on each stream.  The bankfull cross sectional areas were
compared to the revised North Carolina rural curves.  The cross sectional area of each stream was
consistently above the regression line.  The cross sectional areas were two to three times higher than the 
value predicted by the regression equation. 

4.7 Vegetation

Woody vegetation at the reference sites varied.  Vegetation at the recently restored site consisted of 
young, newly planted hardwood species.  The bare root plantings were too young to identify.  Vegetation 
at the reference sites was typical of urban areas consisting of red maple, black walnut and Chinese privet.  
Vegetation at the segment of Brown Branch was dominated by bamboo.

5.0 Project Site Wetlands

There are no wetlands present on the site.

6.0 Project Site Restoration Plan

6.1 Restoration Project Goals and Objectives

The goals of the restoration project are to improve water quality and improve aquatic habitat diversity.  
Water quality will be improved by stabilizing eroding stream banks, thereby reducing sedimentation in 
the streams and incorporating stormwater BMPs to treat stormwater prior to discharging into the streams.  
A continuous riparian buffer will be established to provide shading of the streams, slow sheet flow, and 
reduce erosion and sedimentation.  Aquatic habitat will be improved by creating a riffle/pool complex and 
providing in-stream woody debris.  Rock structures will be installed to provide bank protection, establish 
grade control, and promote pool formation.  In-stream woody debris will be provided by utilizing root 
wads, brush mattresses, and/or log vanes throughout the reach. Table 5 outlines the project restoration 
structure and objectives.

6.1.1 Designed Channel Classification

A C 4/1 channel is proposed at the restoration site.  Sections of Little Alamance Creek currently classify 
as a C4/1 stream; however, it is slightly incised with bank height ratios ranging from 1.0 to 1.4.  In the 
sections where the bank height ratio is greater than 1.0, a bankfull bench will be excavated to the extent 
possible to obtain a bank height ratio of 1.0.  Due to the constraints on site, the channel sinuosity will not 
be altered.  One short section of the channel thalweg will be realigned and a center bar removed.  The 
realignment was not based on reference reach data.  The channel pattern for this short section was based 
on values that fit within the existing design constraints and still provide a stable channel.  Reference reach 
data could not be used because the reference reach area did not contain the same site constraints as the 
project site. Instream structures will be installed to increase habitat diversity and provide grade control 
and bank protection. 
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The unnamed tributary will be restored to a low sinuosity C 4/1 channel.  The site constraints prohibit 
changing the channel alignment.  The unnamed tributary is slightly incised with bank height ratios 
between 1.0 and 1.3.  In the sections where the bank height ratio is greater than 1.0, a bankfull bench will 
be excavated to the extent possible to obtain a bank height ratio of 1.0. Instream structures will be 
installed to increase habitat diversity, provide grade control and bank protection. Design sheets are 
included in Appendix 4.

The vegetation community established on site will closely resemble a Piedmont/Low Mountain Alluvial 
Forest (Schafale and Weakley 1990).  Alluvial Forests are located on smaller streams and, therefore,
smaller floodplains than Piedmont/Mountain Bottomland Forests and lack the development of the 
depositional fluvial landforms (levees, sloughs and ridges) (Schafale and Weakley 1990).  Woody species 
planted within the floodplain will include river birch (Betula nigra), sycamore (Platanus occidentalis), 
American elm, green ash, hackberry (Celtis laevigata), American holly (Ilex opaca), and ironwood 
(Carpinus caroliniana).  Woody species on the stream banks will be comprised of the above and also 
include black willow, tag alder, buttonbush (Cephalanthus occidentalis), and elderberry (Sambucus 
canadensis).  The width of the buffer will depend on the results of discussions with the City of 
Burlington.

Bare root seedlings of tree and shrub species will be planted within the buffer at a density up to 555 stems 
per acre (10-foot centers).  Appropriate species on live stakes will be installed within the bankfull 
channel.  Planting will be performed between December and March to allow plants to stabilize during the 
dormant period and set roots during the spring.  Existing non-native exotics within the proposed buffer 
will be removed during construction.  Exotic trees and shrubs will be removed with construction 
equipment or cut and the stumps treated with an appropriate herbicide.  

6.2 Sediment Transport Analysis

Sediment transport analysis is used to predict if the designed channel will be able to move the bedload 
that is supplied to the channel.  It compares the proposed channel morphological parameters to the bed 
load material in the channel and determines if the proposed channel is capable of moving the material.

6.2.1 Methodology

Sediment transport analysis was conducted by calculating the proposed channel shear stress then 
comparing it to the Shields curve (Leopold, Wolman and Miller 1964).  The Shields curve estimates the 
largest size particle capable of moving at a given shear stress.  This size particle is then compared to the 
particle size within the stream bed.  If the Shields curve particle size estimated is significantly higher than 
the actual particle size in the stream, then the stream is degrading.  If the Shields particle size estimate is 
significantly smaller than the particle size in the stream, then the stream is aggrading.  If the Shields 
particle size is near the same size as the particle in the channel, then the stream is stable.  

In order to validate the above calculations, the critical dimensionless shear stress was calculated.  The 
critical dimensionless shear stress estimates the mean bankfull depth and bankfull water surface slope 
required to transport the bed material.  This depth and slope are compared to the proposed depth and slope 
to determine channel stability.
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6.2.2 Calculations and Discussion

The calculated shear stress for the proposed Little Alamance Creek is 0.37 lb/ft2 (see calculations below). 
The particle size moveable at this shear stress according to the Shields curve is 80 mm.  The largest 
particle from the pavement sample is 80 mm.  These particles are identical in size.  

• = •RS Where • = bankfull shear stress (lb/ft2)
• = specific weight of water (lbs/ft3)
R = hydraulic radius of bankfull channel (ft)
S = average water surface slope (ft/ft)

• = 62.4 lbs/ft3 x 2.5 ft x 0.0024 ft/ft
= 0.37 lb/ft2

The calculated shear stress for the proposed unnamed tributary is 0.71 lb/ft2 (see calculations below).  The 
particle size moveable at this shear stress according to the Shields curve is 55 mm.  The largest particle 
from the pavement sample is 48 mm.  These particles are very near the same size.    

• = •RS Where • = bankfull shear stress (lb/ft2)
• = specific weight of water (lbs/ft3)
R = hydraulic radius of bankfull channel (ft)
S = average water surface slope (ft/ft)

• = 62.4 lbs/ft3 x 1.2 x 0.0095t/ft
= 0.71b/ft2

Based on the shear stress calculations and the Shields curve predictions of the moveable particle size, 
both designed channels will be able to transport the existing bedload.

6.3 HEC-RAS Analysis

A “No-Impact” Study will be performed on Little Alamance Creek in order to obtain a floodplain 
development permit for the project.  The currently effective model will be duplicated, and subsequent 
model(s) will be created with the US Army Corps of Engineers hydraulic modeling software, HEC-RAS.  

6.3.1 No-rise, LOMR, CLOMR

Little Alamance Creek is located in Federal Emergency Management Agency (FEMA) regulated 
floodways where base flood elevations have been determined.  The floodway is the channel of a stream 
plus any adjacent floodplain areas that must be kept free of encroachment so that the 1 percent annual 
chance flood (100 year) can be carried without an increase in 100-year water surface elevation.  Work 
within the floodway requires the preparation of a No Impact Study during the design phase and a Letter of 
Map Revision (LOMR) at the completion of work if the work results in a change in the base flood 
elevations.  
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6.4 Stormwater Best Management Practices

6.4.1 Narrative of Site-Specific Stormwater Concerns

The main stormwater concern at the Little Alamance Creek site is stormwater discharging directly into 
the stream channels.  Stormwater culverts are located on the channel banks and discharge directly into the 
channel in several locations.  These discharges deliver pollutants carried from lawns and city streets to 
Little Alamance Creek and its unnamed tributary.  This untreated urban runoff contributes to the water 
quality degradation of the watershed.

6.4.2 Device Description and Application

BMP devices expected to be used on site are grassed swales, level spreaders, wet gardens, and filter 
strips.  Stormwater culverts that discharge directly into Little Alamance Creek and the unnamed tributary
will be removed and replaced with grassed swales.  Grassed swales are trapezoidal or parabolic earthen 
channels covered with a dense growth of a hardy grass.  Grassed swales take up some pollutants and help 
filter sediment and other solid particles out of runoff.  They convey stormwater and provide some 
stormwater management for small storms by retarding peak flow rates, lowering velocities of runoff and 
by infiltrating runoff water into the soil.  Because of their limited pollutant removal ability, grass swales 
are assumed to have a total suspended solid removal of 35 percent (NCDWQ 2007).  The estimate 
removal rate is 29 percent for total phosphorous and 38 percent for nitrate nitrogen (USEPA 2007).

Level spreaders will be installed at stormwater culvert outlets or where runoff from adjacent streets enters 
the site in a concentrated area.  Level spreaders convert concentrated flow to sheet flow and release it 
uniformly over a stabilized area, namely a filter strip.  For this project, the level spreaders were designed 
to accommodate the 10-year storm event, thereby eliminating the necessity of a high flow by-pass system 
(NCDWQ 2007).  Filter strips are sections of vegetation designed to reduce pollutants in stormwater 
runoff before the runoff enters a steam.  They remove pollutants from runoff by the filtering action of the 
vegetation, infiltration of pollutant-carrying water and sediment deposition.  Properly constructed forested 
and grassed filter strips can be expected to remove a minimum of 25 to 40 percent of total suspended 
solids.  The estimated removal rate is 30 to 42 percent  for total phosphorous and 85 percent for total 
nitrogen though studies have shown their effectiveness to vary widely (USEPA 2007).  In this application,
the stabilized area will be the restored riparian buffer. 

7.0 Performance Criteria

7.1 Streams 

Success criteria need to be established to determine if the restoration project is meeting the designed goals 
and objectives.  These will include changes in the dimension, pattern, profile, bed material, and vegetation 
over the 5-year monitoring period.  Stream performance monitoring will be conducted following 
protocols outlined in the US Army Corps of Engineers Stream Mitigation Guidelines (April 2003).  
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7.1.1 Dimension

The stream cross section measurements should not significantly change from the baseline cross section.  
Minor adjustment in the cross section within specified tolerances of the construction documents is 
expected.  The adjustment is due to the lack of precision of large heavy machinery.  The lack of 
permanent vegetation can also contribute to adjustments in the channel dimension.  

7.1.2 Pattern

The stability of stream pattern will be measured using stream sinuosity (the ratio of stream length divided 
by valley length or approximated by the ratio of valley slope divided by stream slope).  If there is a 
significant change in sinuosity, then belt width, radius of curvature, and meander length will be evaluated 
to determine where the adjustment occurred that affected the sinuosity.

7.1.3 Profile

The channel profile is not expected to significantly change over the monitoring period.  The baseline 
average water surface slope will be used as a measure of profile stability.  The average water surface 
slope will be determined by taking water surface elevation readings at the beginning and the end of the 
monitored reach, at the same feature (head of riffle, head of pool, etc.), determining the elevation 
difference between the two and dividing the difference by the stream length between the two features.  

Another measure of channel profile stability is pool-to-pool spacing.  This is the stream distance between 
the same features on sequential pools.  The measurements are usually taken between heads of pools.  
Baseline pool-to-pool spacing will be measured and recorded.  

7.1.4 Material

Usually the particle size distribution of the bed material becomes coarser as a result of stream restoration.  
This is a result of adjusting the shear stress and stabilizing the existing stream banks.  The change in the 
substrate material will be measured over the 5-year monitoring period.

7.1.5 Photo Points

Permanent photo points will be established on the site.  The photographs should show the succession of 
vegetation growth and no significant changes in the stream configuration or structure stability.

7.2 Stormwater Management Devices

Stormwater management devices will be visually evaluated during the monitoring site visits.  They will 
be inspected and any evidence of erosion, sediment build up, lack of vegetation establishment, vandalism 
will be noted.  Water quality monitoring will not be performed.

7.3 Wetlands

Wetlands are not proposed on the site.  Therefore, wetland monitoring is not required.
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7.4 Vegetation

Vegetation monitoring protocol will follow the CVS-EEP Protocol for Recording Vegetation; Level 1-2 
Plot Sampling Only, Version 4.0 (Lee et al., 2006).  This protocol establishes monitoring plots based on 
the size of the buffer area planted and documents the development of the buffer.  

Vegetation success criteria are based on the US Army Corps of Engineers Stream Mitigation Guidelines 
April 2003, which is the survival of at least 320 stems per acre through year 3; 288 stems per acre in year 
4; and 260 stems per acre in year 5.  Stems tallied on site will include all “Character Tree Species.”  
Character Tree Species include all planted species and those listed by Schafale and Weakley (1990) as 
likely to occur in this forest type community.  

As with most urban restoration projects, the presence of non-native, exotic vegetation is a concern.  This 
vegetation typically responds well to disturbance and may affect planted vegetation success.  To reduce 
the potential of non-native vegetation out-competing the desired species, existing non-native exotics 
within the proposed buffer will be removed during construction.  Exotic trees and shrubs will be removed 
with construction equipment or cut and the stumps treated with an appropriate herbicide.  The 
establishment of non-native vegetation during the monitoring period will also be monitored and remedial 
actions will be taken if deemed necessary to meet establish success criteria. 

7.5 Schedule/Reporting

The baseline and all subsequent annual monitoring reports will be submitted to the NCEEP prior to 
November 1 of all monitoring years.
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Table 1.  Drainage Areas, 
Project Number 060685501 (Little Alamance Creek) 

Reach Drainage Area (Square Mile) 

Little Alamance Creek 4.2 
Unnamed Tributary 0.12 

Total 4.2* 
*Total drainage area for Little Alamance Creek measured at down stream end of 
project. 

 
 
 
 
 

Table 2.  Land Use of Watershed, 
Project Number 060685501 (Little Alamance Creek) 

Land Use Acreage Percentage 
Urban Residential 2,150 80% 

City streets, businesses, 
light industrial and 

natural/undeveloped areas 
538 20% 

 
 



























Table 7.  Soils Summary of the Little Alamance Creek Stream Restoration Project, Alamance County 

Map Unit Soil Series Slope Drainage General Characteristics 

CbC2 Cecil fine sandy 
loam 

2-6% Well drained Cecil series consists of very deep, moderately 
permeable soils on ridges and side slopes of the 
Piedmont uplands.  They are deep to saprolite 
and very deep to bedrock. 

EdB2 Enon fine sandy 
loam 

2-6% Well drained Enon Series consists of very deep, slowly 
permeable soils on ridge tops and side slopes in 
the Piedmont.   

LbB2 Lloyd loam 2-6% Well drained Lloyd series consists of very deep, moderately 
permeable soils on uplands in the Southern 
Piedmont.   

Ur Urban land   Consists of areas more than 85 percent of which 
are covered with street, buildings of all types, 
parking lots, railroad yards, and airports.  The 
natural soils were greatly altered by cutting, 
filling, grading and shaping during the 
processes of urbanization.  The original 
landscape, topography, and commonly the 
drainage pattern have been changed. 

Source:  NRCS Official Soil Series Descriptions (OSD) webpage 
 



Table 8.   Federal Species of Concern Known from Alamance County, North Carolina 

Common Name Scientific Name Federal 
Status 

State 
Status 

Habitat Requirements Habitat 
Available 

Vertebrates 

American Eel Anguilla rostrata FSC None Catadramous species, adults live in 
large rivers or lakes 

No 

Carolina darter Etheostoma collis 
lepidinion 

FSC None Small upland creeks with slow to 
moderate current and substrate of 
sand, gravel, or bedrock 

Yes 

Invertebrates 

Carolina creekshell Villosa vaughaniana FSC E Muddy or silty gravel in shallow 
waters 

Yes 

Yellow lampmussel Lampsilis cariosa FSC E Large rivers and streams found in 
sand and gravel 

No 

Vascular Plants 

Buttercup phacelia Phacelia covillei FSC SR-T Floodplains and adjacent forests Yes 

Sweet pinesap Monotropsis odorata FSC SR-T Pine woods No 

Status: E – Endangered  
FSC – Federal species of concern 
PE – Proposed endangered 
SR – Significantly rare 
-T – Throughout their range 

 



Table 9.  Project Restoration Structure and Objectives, 
Project Number 060685501 (Little Alamance Creek) 

 

Restoration 
Segment / Reach 

ID 

Station 
Range Restoration Type Priority 

Approach 

Existing 
Linear 

Footage or 
Acreage  

Designed 
Linear 

Footage or 
Acreage  

Comment 

Reach I 10+00 – 
27+83 Enhancement I P2 1,783 lf 1,783 lf Modifying channel dimension and profile with 

structure placement. 

Reach II 27+83 – 
29+45 Restoration P2 160 lf 162 lf Reach II consists of realigning the stream and 

removing a center bar. 

Reach II 29+45– 
36+32 Enhancement I P2 687 687 lf Modifying channel dimension and profile with 

structure placement. 

Reach I - Trib 10+00 – 
14+22 Enhancement I P2 422 422 lf Modifying channel dimension and profile with 

structure placement. 
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  1 of 6 

 
Little Alamance Creek looking downstream from S Church Street.  Note pedestrian 
bridge. 

 
Little Alamance Creek at the confluence with the Unnamed Tributary 
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One of several culverts entering Little Alamance Creek.  Note Rip rap banks. 
 

 
One of two train trestles crossing Little Alamance Creek. 
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Second train trestle crossing Little Alamance Creek.  Pedestrian/vehicle bridge can be 
seen in the background. 
 

 
Sewer line and pedestrian/vehicle bridge crossing Little Alamance Creek 
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Little Alamance Creek with center bar. 
 

 
Second sewer line crossing Little Alamance Creek. 



  5 of 6 

 

 
Typical section of Little Alamance Creek. 
 

 
Little Alamance Creek downstream end of project at Overbrook Road. 
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Unnamed tributary to Little Alamance Creek. 
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