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EXECUTIVE SUMMARY 
 

The North Carolina Ecosystem Enhancement Program (EEP) restored 6,279 linear feet of 
Ellerbe Creek located on Hillandale Golf Course in Durham, North Carolina.  Construction of the 
project began on January 15, 2004 and the stream restoration was completed on December 17, 
2004.  Approximately 4 bankfull events occurred during construction.   
 
Ellerbe Creek in its preconstruction condition had a very low sinuosity and was entrenched 
throughout the stream.  The surrounding landuse contributed to the majority of the instability of 
the stream.  The stream had been channelized historically with only a grass buffer existing 
along the stream bank.  The golf course had intensively managed the existing vegetation 
adjacent to the stream. 
 
The stream restoration was based upon the principles of natural channel design.  Every effort 
was made to consider future landuse changes within the watershed while completing the 
design.  The pattern, dimension, and profile were restored throughout the project.  Bankfull 
benches were cut to provide as much floodplain as possible for the stream while working around 
the many constraints throughout the project.  Rock structures and root wads were installed to 
provide further stability to the stream.  Vegetation was installed along the channel slopes and 
floodplain to provide stability and shade for the stream in future years. 
 
The following table summarizes pre and post construction stream lengths as well as the 
restoration approach implemented. 
 
Table 1.  Project Reaches with Pre-Construction Lengths and Restored Lengths 

Reach Pre -Construction  
(Length (ft) 

Restored 
Length (ft) 

Restoration Approach 

Hillsborough 1577 1,663 Changed dimension, pattern, and 
profile using Priority 2 restoration. 

Croasdaile 788 703 Changed dimension, pattern, and 
profile using Priority 2 restoration. 

Hillandale 1,865 1,939 Changed dimension, pattern, and 
profile using Priority 2 restoration. 

Albany 1,885 1,974 Changed dimension, pattern, and 
profile using Priority 2 restoration. 

Total 6,115 6,279  
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1.0 INTRODUCTION 
 

1.1 PROJECT GOALS AND OBJECTIVES 
 
The objectives of the Ellerbe Creek stream restoration project are to: 

1. Establish a new floodplain at a lower elevation and connecting the stream to 
the new floodplain; 

2. Reduce erosion and sedimentation; 
3. Provide wildlife habitat through the creation of a more natural riparian buffer; 
4. Improve aquatic habitat with the use of natural material stabilization 

structures and a riparian buffer; and 
5. Improve water quality within Ellerbe Creek. 

 
1.2 PROJECT LOCATION 
 
The Ellerbe Creek site is located on the Hillandale Golf course, which is located on the 
western edge of the City of Durham in Durham County.  The reach of Ellerbe Creek to 
be restored is bound to the west by NC 15/501 Bypass, to the north by Indian Trail, to 
the south by Sprunt Avenue, and to the east by Albany Street (Figures 1 and 2).  Ellerbe 
Creek is a tributary to the Neuse River. 
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2.0 SUMMARY 
 
2.1 PROJECT DESCRIPTION AND WATERSHED 
 
The watershed lies within US Geological Survey (USGS) Hydrologic Unit Code 
03020201.  The watershed area was delineated from the USGS Northwest Durham 
Quadrangle for North Carolina.  Field verification was conducted on July 23, 2002.  The 
drainage area for the entire site covers approximately 2,150 acres (Figure 3). There are 
several tributaries that enter Ellerbe Creek upstream of the restoration site.   
 
The portion of Ellerbe Creek that runs through the Hillandale Golf Course is a typical 
urban stream.  It has been channelized and is strongly influenced by stormwater flows.  
The channel is incised four to six feet below the top of bank.  Eroding and slumping 
banks were noted along the majority of the stream.  Portions of the channel, particularly 
downstream of Hillandale Road, have been heavily rip rapped.  The channel substrate 
varies from sand and silt, to displaced riprap, to a soft shale ‘bedrock’ in some areas.  
 
There are numerous site constraints that limited the restored stream’s design sinuosity 
and belt width.  These constraints are expected of a large urban stream project located 
on a golf course.  The stream crosses and parallels several golf holes and fairways that 
are buried near the stream, however, the irrigation lines were not a constraint to the 
design.  The planting plan is complicated by golf fairways crossing the stream, limiting 
the height of the vegetation that can be planted in these areas.   
 
A large number of utility crossings also affected the design.  Approximately eight water 
lines and five sewer lines, some as large as 34 inches in diameter, cross the stream with 
easements ranging from 15 to 25 feet on each side of the pipe for a total easement width 
of 30 to 50 feet.  The stream also receives runoff from roughly 14 different stormwater 
outfalls, some as large as 48 inches.  The design was completed taking into account 
each one of these crossings and outfalls to ensure channel stability after construction.  
During construction, the City of Durham instructed NCEEP that no construction was to 
occur within the easement area of the sewer and water lines.  Therefore, the design was 
adjusted in the field during construction to accommodate the City’s request.  Banks in 
the immediate area of the water and sewer were stabilized to the greatest extent 
possible without disturbance to the water and sewer easement area.  Measures were 
taken to stabilize the stormwater outfalls to the stream.  Several areas of concentrated 
flow located through the adjacent fairways were identified as well.  Floodplain 
interceptors were installed at these locations to catch flow from these areas and provide 
a stable passage to the stream. 
 
The restoration of Ellerbe Creek was divided into four sections, three on Ellerbe Creek, 
and one on an unnamed tributary (Figure 4).   
 
Table 2.  Project Sections with Existing Lengths and Drainage Areas 

REACH NAME EXISTING LENGTH (FT) DRAINAGE AREA (AC) 

Hillsborough 1,577 1,140 
Hillandale 1,865 1,810 
Croasdaile 788 535 
Albany 1,885 2,150 
Total 6,115 5,635 
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Approximately 80% of the land within the watershed consists of impervious areas with 
commercial lots, industrial lots, parking lots, and roads.  The remaining land use consists 
of forested land and maintained residential areas.  The Hillandale Golf Course and 
Croasdaile Country Club are the two major open areas within the watershed.  Current 
land use within the project area is not expected to change in the future. 
 
For a complete description of the existing conditions prior to construction, see the 
Ellerbe Creek Stream Restoration Plan designed by Stantec in March 2003. 
 
2.2 METHODOLOGY 
 
Stantec utilized natural channel design while considering watershed and site conditions 
of the stream to provide the highest level of stability.  Information was collected on 
existing conditions, reference conditions, and proposed conditions for the stream, buffer, 
and wetland restoration areas.  The design was intended to transform the G4/F4 stream 
to a C channel at its completion.  Pattern, dimension, and profile were redesigned to 
provide the highest level of restoration considering site constraints.  The design was 
developed based upon reference data for the stream type, watershed, and location.  The 
restoration parameters were developed using reference data and hydraulic geometry 
relationships.  The stream design afforded the best available floodplain considering the 
onsite constraints.  City sewer and water easements, golf course fairways, and golf cart 
bridges limited the ability to provide floodplain in areas of the project.  Bankfull benches 
were established to provide a floodplain access for high flow conditions.    
 
As a guide for taking existing conditions survey, The Stream Channel Reference Sites: 
An Illustrated Guide to Field Technique, US Forest Service General Technical Report 
RM-245 (Harrelson et al, 1994) and Applied River Morphology (Rosgen, 1996) were 
used as references to classify the stream and reference reaches.  The existing 
conditions of the surrounding area were first observed and recorded in order to 
understand what was occurring within the system and why.  The field data collected was 
used to determine width-to-depth ratio, entrenchment ratio, slope, sinuosity, sediment 
transport analysis, and dominant type of channel material for the existing conditions and 
reference reaches.  This enabled the development of a plan, which focuses on the 
restoration of the entire system.  The plan included the restored channel morphology 
design, structure design and placement, streambank stabilization measures, and erosion 
and sediment control plan.  Stantec conducted construction management and oversight 
for the duration of the restoration.  SEI Environmental, Inc. completed the construction of 
the stream.  Dewberry and Davis, under contract with SEI, provided the As-Built survey 
for the project. 
 
Table 3. Construction Dates 
 
Reach Start of Construction Completion of Construction 
Hillsborough January 15, 2004 May 19, 2004 
Hillandale March 2, 2004 May 21, 2004 
Croasdaile June 2, 2004 June 11, 2004 
Albany October 11, 2004 December 17, 2004 
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2.3 PLAN VIEW 
 
Plan sheets are included in Appendix A. 
 
 
2.4 POINTS OF CONTACT 
 
EEP Project Manager: 

Point of Contact – Perry Sugg 
1652 Mail Service Center 
Raleigh, NC 27604 
(919) 715-1359 
Fax (919) 715-2001 
perry.sugg@ncmail.net 
 

 
Design Firm: 
  Stantec Consulting, Inc. 
  Point of Contact – Brad Fairley 
  801 Jones Franklin Road, Suite 300 
  Raleigh, NC 27606 
  (919) 851-6866 
  Fax (919) 851-7024 
  bfairley@stantec.com 
 
 
Construction Firm: 
  SEI Environmental 
  Point of Contact – Jackie Utley 
  130 Penmarc Drive, Suite 108 
  Raleigh, NC 27603 
  (919) 832-2535 
  Fax (919) 832-5914 
  jutley@sei-environmental.com 
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3.0 SUCCESS CRITERIA 
 

Environmental components monitored in this project are those that allow an evaluation 
of channel stability and riparian vegetation survivability.  Specifically, the success of 
channel modification, erosion control, seeding, and woody vegetation plantings will be 
evaluated.  This will be accomplished through the following activities for 5 years after the 
project is built. 
 
3.1 DIMENSION 
 
Permanent cross sections were established with approximately two riffles and two pools 
per reach (only one riffle and one pool cross section established for Croasdaile), for a 
total of 14.  Each cross section is marked on both banks with permanent pins set in 
concrete to establish the exact transect used.  A common benchmark is used for cross 
sections to facilitate easy comparison of year-to-year data.  The annual cross section 
survey includes points measured at all breaks in slope, including top of bank, bankfull, 
and thalweg.  Riffle cross-sections will be classified using the Rosgen stream 
classification system. 
 
Success Criteria:  It is anticipated that there should be little or no change in as-built 
cross sections.  Changes in dimension should be evaluated to determine if there is 
potential for the stream to move toward an unstable condition.  In some cases such 
variability may represent an increase in stream stability. 
 
3.2 PATTERN AND PROFILE 
 
At the completion of construction, a longitudinal profile was completed as part of the As-
Builts. (Appendix E)  The longitudinal profile will be completed during each subsequent 
year of monitoring.  The profile included measurements of the water surface elevations, 
thalweg, bankfull, and top of bank.  Measurements were taken beginning at the head of 
stream features such as riffle, run, glide, and the maximum pool depth.  A permanent 
benchmark was utilized for the survey. 
 
Success Criteria:   
 
The as-built longitudinal profiles should show that the bedform features are remaining 
stable e.g., they are not aggrading or degrading over the 5-year period.  Short term 
aggradation/degradation may occur depending on the peak annual discharge.  The 
gravel bed pools should remain deep with flat-water surface slopes and the riffles should 
remain steeper and shallower than the pools.  Bedforms observed should be consistent 
with those observed in “E” and “C” type channels.  The pattern should not change and 
there should be no change in sinuosity.  The pool/riffle sequence should also remain 
consistent. 
 
3.3 BED MATERIAL ANALYSIS 
 
Construction of the stream reaches was staggered over a period of one year (Table 2.)  
Although no data is available to support the onsite observations, it appears that the bed 
materials within the up stream reaches are becoming coarser.  It is anticipated that bed 
material within the lower reaches will become coarser.  Stantec completed pebble 
counts of the site within the wetted perimeter at the permanent cross section. 
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3.4 PHOTO REFERENCE SITES 
 
Photographs were taken during the construction of the project and will be used to 
evaluate the restoration of Ellerbe Creek over time.  Stations for photographs were 
located at permanent physical features such as golf cart bridges, vanes, or root wads.  
Stantec will take photographs at the photograph stations with a digital camera each year 
during monitoring of the site. 
 
Longitudinal Reference Photos:  Photographs will be taken looking downstream at 
specified locations.  Reference photos were taken facing downstream.  A GPS point was 
obtained for each photo location.  Reference photos were taken at a bridge in the center 
of the stream or along the left edge of bankfull of the stream.  Photo points were located 
in a manner to provide a complete view of the stream throughout the project.  
 
Lateral Reference Photos:  Reference photos were taken at each permanent cross 
section.  Photographs were taken in a manner to show both banks of each cross section.  
Subsequent photos should be taken in the same location to consistently provide the 
same view of these sections over time. 
 
Success Criteria:  The photograph documentation will be used to provide a visual 
evaluation of the channel to identify aggradation and degradation, issues with erosion 
control, and riparian vegetation success.  Photos taken overtime will provide an 
indication of the stages of maturation of the riparian vegetation, the formation of bars 
within the channel, aggradation along the floodplain, or erosion control issues. 
 
3.5 VEGETATION SURVIVAL PLOTS 
 
Survival of planted vegetation will be evaluated using survival plots and counts.  Three 
vegetation-monitoring plots were established for three of the stream reaches and two 
plots established on the Croasdaile Reach.  A standard quadrat area of 100 square 
meters will be established.  Rebar was driven into the ground to identify the location of 
the most upstream corner closest to the toe of slope (ie. Vegetation plots on the left bank 
have a corner pin located at the left toe of slope).  Due to the site constraints, the length 
and width of the plots vary to some degree.  Length and width of the plots can be found 
in Appendix D to identify the other corners of the plots in subsequent years. 
 
All quadrats were permanently established in the field and records of sampling locations 
will be maintained. All tree species that are expected to form the forest canopy will be 
inventoried within the quadrat. Shrub species that are expected to exist in the midstory, 
including streamside livestaking, will be counted. 
 
Evaluation of planted vegetation survival will continue for at least five years.  When 
stakes do not survive, a determination will be made as to the need for replacement; in 
general, if the mortality rate is greater than 30%, stakes will be replaced. 
 
Success Criteria: 
Success of planted vegetation will be measured based upon the survival of 320 stems 
per acre at the end of 3 years of monitoring.  A tolerance of 10% mortality rate will be 
acceptable for years 4 and 5.  The final vegetated success criteria will be survival of 260 
trees per acre through year 5. (Stream Monitoring Guidelines, April 2003) 
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4.0 MONITORING SCHEDULE AND METHODS 
 
Dewberry and Davis conducted the as-built survey and Stantec will conduct the first year 
survey.  Stantec will monitor the site as per the monitoring schedule submitted in the 
mitigation plan for the first year (2005).   The monitoring will include visual assessments 
of the site once every quarter (3 times) following construction.  These assessments are 
intended to identify any problem areas early, in order to allow for quick remedial 
measures.  At the end of the first year following construction, Stantec will carry out a 
technical assessment of the site (e.g., detailed surveys, stem counts, photographs, 
pebble counts) and compile the data. 
 
The stability of the stream channel will be monitored approximately six months after 
restoration is complete or after bankfull or greater than bankfull events occur.  
Assessments and measurements taken of the stream channel will focus on lateral 
(streambank changes), vertical (streambed changes), and overall stability of the stream.   
 
The cross sections will be surveyed each year using a tape and level between the 
permanent cross section pins.  This will include a photo of each cross section taken from 
the upstream side looking downstream ensuring both banks are visible in the 
photograph.  Pebble counts will be taken within the wetted perimeter of each cross 
section. 
 
The longitudinal survey will be completed using a Total Station or laser level for the first 
year and then every two years for a total of 4 times (As-built is completed, then 
September of 2005, 2007, and 2008). 
 
The restoration site will be inspected after completion of the planting to determine if 
proper planting methods for spacing, density, and species composition were followed.  
Vegetation plots will be established and distributed throughout the site.  Photo points will 
be established within each plot and a visual observation will be recorded. 
 
A quantitative sampling of established vegetation plots will be performed in late 
summer/early fall at the end of the first year of completion and after each growing 
season for 5 years of monitoring.  These samplings are intended to identify any problem 
areas early, in order to allow for quick remedial measures. Success will be determined 
based on the survival of planted woody species at the site at the end of a 3 and 5 year 
period.  There should be at least 320 stems per acre through year 3 and 260 per acre 
through year 5. The 3-year period is through September 2005, and the 5-year period is 
through September 2008. 
 
Photographs of the site will be each year during monitoring.  These photos will include 
those taken at cross sections and specific longitudinal locations as identified on the plan 
view (Appendix D).  Photos will be taken at the identified locations each year to provide 
a visual documentation of the restoration throughout the monitoring period. 
 
Stantec will use the compiled data to prepare a monitoring report summarizing the 
results of the first year of operation.  The monitoring report will assess the performance 
of the project using the success criteria identified in the Mitigation Plan.   
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5.0 MITIGATION 
 

5.1 MITIGATION PROPOSAL 
 
The following table lists the proposed mitigation available after completing the project. 
 
Table 4.  Proposed Mitigation 

REACH AS-BUILT 
LENGTH/AREA (LF/AC) CATEGORY 

Hillsborough 1663 LF Restoration 
Croasdaile 199 LF Restoration 
 504 LF Enhancement 
Hillandale 1321 LF Restoration 
 618 LF Enhancement 
Albany 1207 LF Restoration 
 391 LF Enhancement 
 376 LF Preservation 
Buffer  17.41 AC Restoration 
Stormwater Wetland  0.15 AC Creation 
Pocket Wetlands 0.23 AC Creation 

 
5.2 DESIGN SUMMARY 
 
The stream restoration design for Ellerbe Creek was based on natural channel design 
principals  (Rosgen, 1996).  The design took into account drainage area, adjacent land 
use, upstream impoundments, and future development potential.  During construction, 
several unforeseen influences on the design were addressed in the field.  The City of 
Durham mandated after construction began that no construction could occur within the 
water and sewer easements that were at multiple locations of the site.  To accommodate 
this decision, the floodplain was excavated to the design width, but was narrowed 
gradually to the width of the existing channel to provide flow through the existing water 
and sewer easements.  Multiple meanders throughout the project were adjusted to 
provide water with a stable passage through the easement area.   
 
The design proposed the excavation of new meanders for the stream in multiple 
locations that were outside the existing channel. Bedrock above the proposed 
streambed elevation was identified in several of these locations, which necessitated in-
field design refinements of portions of the stream channel.  Floodplain was provided to 
the stream to the greatest extent practicable while maintaining stability. 
 
The stream banks were matted to 5 feet beyond bankfull in each reach.  Temporary and 
permanent seeding was completed once grading was complete. 
 
The design approach for each of the four sections is described in Sections 5.3 through 
5.6.   
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5.3 HILLSBOROUGH REACH 
 
The Hillsborough section is the start of the project and begins downstream of the 15/501 
bypass on the Hillandale Golf Course and ends at Croasdaile Road.  The section begins 
downstream of two large culverts for the 15/501 bypass.  The drainage area for this 
reach is 1,140 acres.  Design constraints for this section include: four water line 
crossings, one sewer line crossing, two golf cart crossings, and three storm water 
outfalls.  Some of the utility lines run parallel to the stream.   
 
Natural channel design was used throughout the Hillsborough Reach based upon a 
Priority 2 restoration approach.  Stream pattern, dimension, and profile were changed 
throughout the reach.  Instream structures were used to provide grade control and 
channel stability throughout the reach.  Root wads were used to protect banks within key 
points of inflection.  Bedrock was encountered at several locations with the reach.  The 
meander between 19+23 and 21+41 was lengthened due to bedrock elevations within 
the proposed stream alignment in the stream design.  Stream meander and floodplain 
was adjusted within the Reach near water and sewer easements to provide as much 
stability as possible through these restricted areas. 
   
5.4 CROASDAILE REACH 
 
The Croasdaile Reach is the small tributary entering Ellerbe Creek from the north along 
the upstream section.  The drainage area for the tributary is 535 acres.  There are 
several constraints to this section including:  one golf cart crossing and three stormwater 
outfalls.  Croasdaile Road and a sewer line run parallel to the entire reach.   
 
A Priority 2 design approach was used within the Croasdaile Reach to establish a new 
bankfull bench for the stream.  Within the proposed alignment from station 10+00 to 
15+00, bedrock was encountered at a height above proposed stream elevation.   A 
bankfull bench was excavated according to design plans along the right side of the 
stream.  Excavation along the left bank was restricted because of sanitary sewer 
easement and the right of way for Croasdaile Road.  Stream dimension was changed to 
reflect the design parameters of the base channel.  Bedrock instream limited the ability 
to install structures within this area.  From station 15+00 to the convergence of the 
Croasdaile Reach with the Hillsborough Reach, pattern, dimension, and profile were 
constructed according to the construction plans.   
 
5.5 HILLANDALE REACH 
 
The Hillandale section begins downstream of Croasdaile Road and ends at Hillandale 
Road.  The drainage area for this section is 1,810 acres.  Design constraints for the 
Hillandale section include: two water lines that run parallel to the stream, two sewer line 
crossings, two golf cart crossings, and six stormwater outfalls. 
 
The Hillandale Reach was constructed using natural channel design based upon a 
Priority 2 restoration approach.  Stream pattern, dimension, and profile were changed 
throughout the reach.  Instream structures were used to provide grade control and 
channel stability throughout the reach.  Root wads were used to protect banks within key 
points of inflection.  Stream meander and floodplain was adjusted within the Reach near 
water and sewer easements to provide as much stability as possible through these 
restricted areas.  Within the proposed alignment from station 40+02 to Hillandale Road, 
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bedrock was encountered at a height above proposed stream elevation.   Pattern, 
dimension, and profile were altered in this area; however, sinuosity of the stream was 
reduced to account for bedrock elevations and water pipe easements.  Mature trees 
were left in these areas where possible to provide stability and shade.  Bankfull benches 
were excavated to provide floodplain for the stream throughout the reach. 
  
5.6 ALBANY REACH 
 
The Albany section begins downstream of Hillandale Road and ends upstream of Albany 
Road.  The drainage area for this section is 2,150 acres.  This reach has experienced 
the most alterations and disturbances.  This section is constrained by the driving range 
fence, two water line crossings, two sewer line crossings, three golf cart crossings, and 
four stormwater outfalls. 
 
Natural channel design was used to construct the Albany Reach based on a Priority 2 
restoration approach.  Stream pattern, dimension, and profile were changed throughout 
the reach.  Instream structures were used to provide grade control and channel stability.  
Root wads were used in several locations to protect stream banks.  From Station 58+00 
to 59+90, stream dimension was widened and a cross vane was installed for grade 
control and bank stability.  Banks were graded to provide a 3:1 slope to the bankfull 
elevation.  From 59+90 to 62+40, several water and sewer easements cross the stream.  
These easements were too close together to allow for construction in the area.  Live 
stakes were planted within the area to provide greater stability.  From 63+33 to the end 
of project at 65+87, bedrock was identified in the proposed alignment at a higher 
elevation than the proposed bed elevation.  Through this section the dimension and 
pattern were changed to provide a more stable channel.  A bankfull bench was 
excavated on the left side of the stream.  A stable mature vegetated area existed along 
the right bank near the proposed floodplain elevation.  Removal of the vegetation along 
the right bank would have destabilized the area for planting of less mature vegetation.  
For this reason, toe protection was provided in several areas along the right bank and 
was left mostly undisturbed. 
 
5.7 BUFFER RESTORATION DESIGN 
 
The buffer along Ellerbe Creek was restored to meet the Neuse River Buffer Rule 
requirements within the limits imposed by the golf course as a condition of the project 
proceedings.  A planting plan was developed to meet the buffer requirements and to 
deal with the constraints and restrictions along the stream imposed by the golf course 
and utility easements.  Where a golf fairway crossed the stream channel, plantings were 
limited to low growing shrubs.  In other areas, the riparian buffer was extended out from 
the stream narrowing some of the fairway along the golf course. 
 
5.8 STORMWATER WETLAND DESIGN 
 
A stormwater wetland was built between the Hillandale Golf Course number 12-tee box 
to provide storage and treatment for runoff from the adjacent neighborhood.  The 
stormwater wetland will provide additional habitat features and will improve the quality of 
stormwater runoff entering Ellerbe Creek. 
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5.9 POCKET WETLANDS DESIGN 
 
A total of 11 pocket wetlands were created throughout the floodplain of Ellerbe Creek.  
These shallow pools were created within the wide portions of the floodplain to intercept 
surface water runoff from the golf course before reaching the stream.   The pocket 
wetlands also provide greater water storage and water quality treatment of flood flows in 
Ellerbe Creek.  They also provide some habitat diversity within the floodplain. 
 
5.10 MITIGATION CREDIT 
 
The mitigation credit proposal will be completed by NCEEP.  Stantec has provided a 
plan view showing all four reaches of stream. 
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6.0 MAINTENANCE AND CONTINGENCY PLANS 
 
 
Ellerbe Creek received at least 4 bankfull events during construction.  At least two of 
those events were to the top of terrace.  To this point, structures have been functioning 
as planned.  Stantec will monitor the structures within the first year of monitoring to note 
any adjustments that may be necessary. 
 
Stabilization of the slope from top of terrace to the floodplain has been difficult in several 
areas of the project due to the adjacent land use.  The course fairways are maintained 
very close to the soil surface that creates sheet flow and concentrated flow patterns into 
the project.  SEI has installed floodplain interceptors and matting with seeding in order to 
stabilize these areas.   
 
Stantec will assess the condition of the stream, structures, vegetation, and bank stability 
during the first year of monitoring.  The EEP will oversee monitoring for subsequent 
years to provide 5 years of monitoring. 
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APPENDIX A  

 

ELLERBE CREEK CROSS SECTION SUMMARY 



 



 



 



 



 

 



 



 



 



 



 



 



 



 



 



 

 
 



 

 



 

 



 

 
 



 

 
 



 

 



 

 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 

ELLERBE CREEK PHOTO LOG 
 



 

Ellerbe  Creek Photo Log 
 
 
Hillsborough Reach Photos HB-P1 to HB-P10 
 Photos HB-XS1 to HB-XS4 
 Photos HB-V1 to HB-V3   
 
Hillandale Reach Photos HD-P1 to HD-P7 
 Photos HD-XS1 to HD-XS4 
 Photos HD-V1 to HD-V3  
 
Albany Reach Photos AL-P1 to AL-P8 
 Photos AL-XS1 to AL-XS4 
 Photos AL-V1 to AL-V3  

 
Croasdaile Reach Photos CR-P1 to CR-P3 
 Photos CR-XS1 to CR-XS4 
 Photos CR-V1 to CR-V3   

Notes: 

1. Locations of the photo points are detailed on in the plan view of the as-built 
drawings. 

2. Photos were taken oriented facing down stream along the left bank at the 
bankfull bench for the Hillsborough, Hillandale, and Albany Reach.  Photos on 
the Croasdaile reach were taken on the right bank full bench facing down stream 
due to obstructions.  Where a golf cart bridge or pipe crossed the stream, photos 
were taken on the bridge or pipe in the center of the stream. 

3. Photos of vegetation plots were take at the upstream corner of the plot closest to 
the toe of slope. 

 
 



 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX C  

 

ELLERBE CREEK DETAILS AND PLAN VIEW  



 

 

Ellerbe Creek 

Vegetation Survival Plots 

       

              

Reach* Planted 
(stems/stakes) Year 1 Year 2 Year 3  Year 4 Year 5 

HB-V1 56           
HB-V2 38           
HB-V3 20           

             

HD-V1 12           
HD-V2 37           
HD-V3 37           

             
AL-V1 42           
AL-V2 68           

AL-V3 63           
             

CR-V1 68           

CR-V2 25           
       
*  HB = Hillsborough Reach; HD = Hillandale Reach; AL = Albany Reach; CR = Croasdaile Reach 

  



 

 
  

 
 
 
 
 
 
 
 
 
 
 

APPENDIX D  

 

ELLERBE CREEK STATION LOCATIONS 
 

  





























 

 
 
 
 
 
 
 
 
 
 

APPENDIX E  

 

ELLERBE CREEK AS-BUILTS












