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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 | Restored Restoration Approach
(Length (ft) Length (ft)

. Changed dimension, pattern, and
Hillsborough 1577 1,663 profile using Priority 2 restoration.
Croasdaile 788 703 Cha_nged_dlmenspn, pattern, r_:md
profile using Priority 2 restoration.
Hillandale 1,865 1,939 Changed dimension, pattern, and
profile using Priority 2 restoration.
Albany 1,885 1,974 Cha_nged_dlmenspn, pattern, :_:md
profile using Priority 2 restoration.

Total 6,115 6,279
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1.0 INTRODUCTION

11 PROJECT GOALS AND OBJECTIVES

The objectives of the Ellerbe Creek stream restoration project are to:

1.
2.
3.
4.

5.

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

Reduce erosion and sedimentation;

Provide wildlife habitat through the creation of a more natural riparian buffer;
Improve aquatic habitat with the use of natural material stabilization
structures and a riparian buffer; and

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 lllustrated 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




2.3 PLAN VIEW

Plan sheets are included in Appendix A.
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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.



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 guantitative 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

AS-BUILT
AR LENGTH/AREA (LF/AC) LRy
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.

15



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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small boulder

der

large boulder
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haterial Size Range (mm) Ellerbe Creek
silt/clay u] 0.062 Meuse
wvery fine sand 0. .02 013 Hillandale Golf Course, Durharm, MNC
fine sand 0.13 0.25 Mote: [[glE
rmedium sand 0.25 0.5
coarse sand 0.5 1 Run Pebble Count, Ellerbe Creek
very coarse sand 1 2 100% - -
wery fine gravel 2 4 T :
fine gravel 4 5] 20% HEH :
fine grawvel B =] B0%
medium gravel 5] 11 S FO%
medium gravel 11 16 = o ] 0
coarse gravel 16 22 E E0% o o
coarse gravel 22 2 i 50% L
wery coarse gravel 32 45 E A0% T :
very coarse gravel 45 54 2
small cobble 64 50 o 0% :
medium cobble| 50 128 20% ;
large cobble 125 180 10%, : : :
wery large cobhble 180 255 v [ N A
small boulder] 256 362 0% —— -
small boulder| 362 512 0.a1 10 100 1000 10000
me:jium EDU:SW 1%1224 ;gig Particle Size (mm) —m=— Cumulative Percent  #  Percent ltem
arge boulder|
very large boulder| 2043 4096 Size percent less than (mm) Percent by substrate type
bedrock D16 D35 D50 D24 095 silt/clay sand gravel cobble boulder bedrock
Total Particle Count: 103 0.136 0.44 1.7 10 30 14% 34% 43% 0% 0% 10%
hlaterial Size Hange (mm]) Ellerbe Creek
silticlay a 0.062 MNeuse
very fine sand 0. .02 013 Hillandale Golf Course, Durharm, NMC
fine sand 0.13 0.25 6 Mote: [[glh
medium sand 0.25 0.5 3
coarse sand 0.5 1 11 Glide Pebble Count, Ellerbe Creek
very coarse sand 1 2 8 100% T o
wery fine gravel ] 4 15 ansg I T
fine gravel 4 5] 22 o
fine gravel =] =] 5 8%
mediurm gravel E 11 5 = F0% :
medium gravel 11 16 2 = B0
coarse gravel 16 22 - [
coarse gravel 22 32 i 50% -
very coarse gravel 32 45 o 40%
vary coarse gravel 45 54 = 30% ;
small cobble 64 ] o= :
medium cobble| 90 128 20% :
large cobble 128 180 10% : P : :
very large cobble 180 256 o v i S 8. g,
small boulder 256 362 ° T T - =
small boulder| 362 512 0.0 10 100 1000 10000
rmediurm boulder| 512 1024 FParticle Size (mm) —=— Cumulative FPercent 4 Percent ltem
large boulder| 1024 2048
very large houlder| 2048 40595 Size percent less than {mm) Percent by substrate type
bedrock D16 D55 Da0 D54 D25 silt/clay sand gravel cobble boulder bedrock
Total Particle Count: 100 FHN S 0.50 1.8 5] 9 23% 28% A40% 0% 0% 0%




haterial Size Hange (mm) Ellerbe Creek
siltéclay a 0.062 Meuse
very fine sand 0. 02 013 Hillandale Golf Course, Durharm, NC
fine sand 0.13 0.25 Mote: 518
mediurm sand 0.25 0.5
coarse sand 0.5 1 Riffle Pebble Count, Ellerbe Creek
wvery coarse sand 1 2 100 % T8 5 % 48000t 5 8 §80o6t 5 8 8 BB0 T 8 54T T &
wery fine gravel 2 4 a0, : Y I : : P
fine gravel 4 [
fine gravel =] =] 80%
rmedium gravel = 11 & 70% ; ——— ; ;
rmediurm gravel 11 15 = RO . I I : .
coarse gravel 16 22 = Vo Vo H H -
coarze gravel 22 32 o 50% — =1 i
very coarse gravel 32 45 = A40%
wery coarse gravel 45 B4 5 0%
small cobble 64 ] o ° 0 P : :
rnedium cobble an 128 20% : T T : :
large cobble] 128 180 10% . L a808 /;/{ L : .
very large cobhble 150 258 0 b ! i PSPPI G Lo
srmall boulder| 256 362 ° b -
small boulder 362 512 0.01 1 10 100 1000 10000
mediurm boulder 512 1024 Particle Size (mm) —m— Curnulative Percent 4 Percent ltem
large boulder| 1024 20458
wvery large houlder| 2048 4056 Size percent less than {mm) Percent by substrate type
bedrock D16 D=5 D50 D24 Do5 siltfclay sand gravel cobble boulder bedrock
Total Particle Count: 103 2.114 5.01 11.7 49 S0 4% 12% 7E5% 9% 0% 0%
Material Size Range (mm] Count Ellerbe Creek
silt/clay u] 0.052 Meuse
very fine sand 0.052 013 Hillandale Golf Course, Durharm, NC
fine sand 0.13 0.25 Mote: fili
mediurm sand 0.25 0.5
coarse sand 0.5 1 100% Fool Pebble Count, Ellerbe Cresk
wary coarse sand 1 2 o I R E B b0 oBobgn b A
very fine gravel 2 4 Q0%
fine grawel 4 =] N HE R
fine gravel B =] 0%
rmediurm gravel 8 11 S F0% —
medium gravel 11 16 = B0 Lo
coarse gravel 16 2 - I
coarse gravel 22 32 w &0% —
wery coarse grawel 32 45 = A0%, I
wery coarse gravel 45 54 = o Vo
srmall cobble 54 20 o 30% —
mediurm cobble ag 125 o9, I S
large cobhble 128 180 10% v :
wery large cobhle 180 256 ° HE
small boulder| 256 362 0% a— - *
small boulder| 362 512 0.0 0.1 1 10000
medium boulder 512 1024 Particle Size (mm) —m=— Cumulative Percent & Percent ltem|
large boulder 1024 2045
wvary large boulder 2043 40965 Size percent less than (mim) Percent by substrate type
bedrock D16 D35 D50 D54 D95 siltéclay sand gravel cobhble boulder bedrock
Total Paricle Count: 110 0.758 .46 11.0 23 35 4% 18% 78% 0% 0% 0%




hlaterial Size Hange (mm]) Count Ellerbe Creek
silticlay a 0.062 33 MNeuse
very fine sand 0. .02 013 Hillandale Golf Course, Durharm, NMC
fine sand 0.13 0.25 Mote: [§l&
medium sand 0.25 0.5
coarse sand 0.5 1 Run Pebble Count, Ellerbe Creek
very coarse sand 1 2 100%, - -
wery fine gravel 2 4 o : e - Lo
fine gravel| 4 B 0% : T — i
fine gravel =) g S0%
medium gravell 8 1 2 g 70% {—i S SEEEEEH T .
medium gravel 11 16 = o H Lo Lo 2 !
coarse gravel 16 22 E B0% : I T T ;
coarse gravel 22 32 ic a0% : — — : ;
very coarse gravel 32 45 S 409
vary coarse gravel 45 54 E H B B Bazmas B3 : i
srall cobble 64 o0 o 0% : EERELTTL —1 ; :
medium caobble j=n] 128 20% : —— T — T :
large cobhle 128 180 10% : R L ; :
very large cobble 1580 256 : N v L ' :
small boulder| 256 362 0% ; B S > > -
small boulder| 362 512 0.01 . 1 1000 10000
medium boulder] 512 1024 Particle Size (rrm) —=— Cumulative Percent  # Percent ltem
large boulder| 1024 2048
wery large boulder 1ze percent less than (mm ercent by substrate type
| bould 2048 40595 Si | h P b b
bedrock 65 D16 D55 Da0 D54 D25 silt/clay sand gravel cobble boulder bedrock
Total Particle Count: 100 L, S, FE D, LA, =] 33% 0% 2% 0% 0% B5%
hlaterial Size Range (mm) Count Ellerbe Creek
siltfclay [u} 0.052 Meuse
wery fine sand 0052 013 Hillandale Golf Course, Durham, RNC
fine sand 0.13 0.25 Mote: B
medium sand 0.25 0.5
coarse sand 0.5 1 Slide Pebble Count, Ellerbe Cresk
wery coarse sand 1 2 100% £on Kt ; ; i
very fine gravel 2 4 =TakS I HI I
fine gravel 4 =] o P -
fine gravel =) =] g% I
medium gravel =] 11 _c:':u FO%
medium gravel 11 16 - E0% i
coarse gravel 16 = E
coarse gravel 22 32 o S0% O [ O
wery coarse gravel a2 45 § A0
wery coarse gravel 45 54 T 30 I I i
small cobble B4 50 oo i PR i
mediurm cobble El] 125 20% —H " B
large cobble 128 180 10% P L P
wery large cobble 160 256 o L LA SIS :
small boulder] 256 362 0%s
small boulder] 62 512 0.01 1 10 100 1000 10000
medium boulder 512 1024 FParticle Size (mm) |+Cumu|ati\re FPercent « Percent tem
large boulder 1024 2048
very large boulder 20458 40965 Size percent less than (mm) Percent by substrate type
hedrock DIE | D35 [ Dso [ D84 | D25 silt/clay | sand | gravel | cobble | boulder | bedrock
Total Particle Count: 100 0181 | 095 | 4.4 | 11 | 18 12% | 28% | G0% | 0% | 0% | 0%




Material Size Hange (rmm) Ellerbe Creek
siltfclay o 0.0652 Meuse
very fine sand 0052 015 Hillandale Golf Course, Durham, RNC
fine sand 0.13 0.25 (RN AL -XS1
medium sand 0.25 0.5
coarse sand 0.5 1 1009 FPool Pebble Count, Ellerbe Creek
wery coarse sand 1 = o I H I Hi v
wery fine gravel 2 4 0%
fine gravel 4 =) o I H Ao A
fine gravel 5 =] B0% : o
medium gravel [=] 11 Jr:':u 7% — + : — +
medium gravel 11 16 — B0%
coarse gravel 16 22 - o ' : [ [
coarse gravel 22 ] i 50%
very coarse gravel 32 45 E A0%
very coarse gravel A5 54 = N
small cobble B4 20 o 30% = : : ‘- 1
rnedium cobble =in] 128 20% d
large cobhble 128 160 109 Lo : : : P i
very large cobhble 1G0 256 °
stmall boulder| 256 362 0% S— . L2 »> S o &
small boulder 362 512 0.01 100 1000 10000
meldium I;Du:ger 1501224 ;gig Particle Size (mm) |+ Curmulative Percent  #  Percent ltem
arge boulder]
very large boulder| 2045 A095 Size percent less than (mm) Fercent by substrate type
hedrock D16 | D35 Ds0 | Ds4a [ Das silt/clay |  sand [  gravel cobble | boulder [ bedrock
Total Particle Count: 100 #a. | oos | o [ & [ 11 3% 43% | 23% | 0% | 0% | 0%
hlaterial Size Range (mm) Count Ellerbe Creak
siltdclay u] 0.052 Meuse
wery fine sand 0052 013 Hillandale Golf Course, Durham, RC
fine sand 0.13 0.25 [RI-N AL -X52
medium sand 0.25 0.5
coarse sand 0.5 1 Riffle Pebble Count, Ellerbe Creek
wery coarse sand 1 2 100%% 8 R 5 b Tt 58 o
very fine gravel = 4 [=TakT I I V_i’— : I I
fine gravel 4 5 ;8 | L i g4 P i 4 ¢
fine gravel =] =] B0 Lo : Yo . g0
medium gravel 5 11 _'r:':u FO%
medium gravel 11 16 = so0%% i g __,-lif B8 & Lo [
coarse gravel 16 22 z o i3 ! B8 o Vo
coarse gravel 22 32 = 50%
very coarse gravel a2 45 T 40%
very coarse gravel 45 54 = 309
small cobble &4 En] o “ I : o P o
medium cobble a0 125 20% — : s — —
large cobble 125 150 10% H H
very large cobble 180 256 0ee . ~ %: ~ é o é AAAn
srmall boulder 256 362
srmall boulder| 362 512 0.o1 o 100 1000 10000
medium boulder 512 1024 FParticle Size (mim) |+Cumulatwe Percent # FPercent ltem
large boulder| 1024 2045
very large boulder| 2045 40965 Size percent less than (mm) FPercent by substrate tvpe
bedrock D16 | D35 | DE0 | D34 | D25 silt/clay | sand [ gravel [ cobble | boulder | bedrock
Total Particle Count: 100 s | o0 | 0.2 | =] | 14 23% | 35% | 42% | 0% | 0% | 0%




Ivlaterial Size Range (mim) Count Ellerbe Creek
siltsclay a 0.052 MNeuse
very fine sand 0052 013 Hillandale Golf Course, Durharm, MNC
fine sand 0.13 0.25 Mote: i
rmedium sand 0.25 0.5
coarse sand 0.5 1 Run Pebble Count, Ellerbe Creek
wery coarse sand 1 = 100%% [ —— -
wvery fine gravel 2 4 H
fine gravel 4 [5 20% ‘. ‘e i :
fine gravel 5 5 0% — — : :
mediurm gravel =] 11 = FO0%
mediurm gravel 11 16 = o i i H H
coarse grawvel 16 22 E 60% g g T g g
coarse grawvel 22 32 i S0% L et
wery coarse grawvel 32 A5 = A0% [ FR :
vary coarse grawvel A5 54 =2
srmall cobble =] ] & 30% / —t H
rmedium cobble o0 125 20% : — :
large cobble 128 180 10% -
vary large cobble 150 256 [ v [ oo
small boulder 256 562 0% — — - e
small boulder 362 512 .01 1 10 100 1000 10000
medium boulder 512 1024 FParticle Size {mm) |+Cumu|ative FPercent « FPercent tem
large boulder| 1024 2045
vary large boulder 2045 A096 Size percent less than (mm) Percent by substrate type
hedrock 3 C1E | D35 =] 04 | D95 silt/clay | sand gravel cobble | boulder | hedrock
Total Particle Count: 100 0171 | o025 | o4 | 22 | 32 2% 54% | 4a0% | 1% | 0% | 3%
baterial Size Range (mm) Ellarbe Creek
siltfclay [u} 0.062 Meuse
very fine sand 0 052 013 Hillandale Golf Course, Durham, RNC
fine sand 0.13 0.25 R AL XS54
medium sand 0.25 0.5
coarse sand 0.5 1 Glide Pebble Count, Ellerbe Creek
wvery coarse sand 1 =] 100%% . . — : . :
wary fine gravel 2 4 =T ; ; HI -/-T_ ; ;
fine grawel 4 [5] : H HE
fine grawvel =) =] gU% H H H H I HIE H
medium grawvel =] 11 _c:'|:s FO%% 5 5 5 5 — — 5
medium grawvel 11 16 — BO%s
coarse gravel 16 e = g g g g 6 g g g g
coarse gravel 22 32 '-E 0% v v T I O v
wery coarse gravel 32 A5 § AQ9g
wery coarse gravel 45 54 T 309 H H I I i i
small cobble 54 EnN] o- : : R T4 I :
medium cobhle a0 128 20% ; i =T — = i
large cobble 128 180 104 R L8d48 .
wery large cobhle 180 256 O : : e ;:‘;;:F o9 g 5 gages)| B 5. ppgaas o
small baulder] 256 352 2 '
small boulder] =62 512 0.01 1 10 100 1000 10000
medium boulder| 512 1024 Particle Size (rmm) |+Cumu|ati\re Fercent « Percent ltemn
large boulder] 1024 2048
very large boulder| 2048 A095 Size percent less than (mm) FPercent by substrate tvpe
bedrock D16 | D35 | Ds0 | DE4 | D95 silt/clay | sand | gravel | cobble | boulder | bedrock
Total Particle Count: 101 0143 | o047 | 0.2 | 5 | 13 0% | ©81% | 19% | 0% | 0% | 0%




hlaterial Size Range (mm) Count Ellerbe Creek
siltdclay a 0.052 Meuse
wery fine sand 0.052 0.13 Hillandale Golf Course, Durham, NC
fine sand 0.13 0.25 Mote: H
medium sand 0.25 0.5
coarse sand [N =] 1 Riffle Pebble Count, Ellerbe Creek
very coarse sand 1 2 100% ; e H ; ol B i S R
very fine gravel 2 4 [=Ta " : L I LI
fine gravel 4 5
fine gravel [5] [E] BO% ; HIE R HEH
medium gravel & 11 B 70% : — — —
mediam gravel 11 16 = GO I I
coarse gravel 16 22 = H H . 3 3 3
coarse gravel 22 g2 '-E S0% g 5
very coarse gravel 32 45 § A0%,
very coarse gravel A5 54 S - : : : I
small cobble G S0 o 30% : I . 5 B¢
medium cobble a0 128 20% : — — —
large cobble 128 120 10%
very large cobble 180 256 0= g _ A PR DN NEEL A H A AHERD
small boulder 255 362 -
small boulder = 512 0.o1 o1 1 10 100 1000 10000
medium boulder 512 1024 Farticle Size (mm) |+Cumu|ali\re FPercent e« Fercent ltem
large boulder| 1024 2045
vary large boulder| 2045 A0965 Size percent less than (mm) FPercent by substrate type
hedrock 5 D16 | D35 Ds0 D54 [ D9s silt/clay | sand ravel cobhle | boulder | bedrock
Total Particle Count: 106 4170 | 804 | 93 | 19 | 23 8% | 3% | B84% | 1% | 0% | &%
raterial Size Range (mrml Ellerbe Creek
siltfclay o 0.0s52 Meuse
wery fine sand 0052 013 Hillandale Solf Course, Durham, MC
fine sand 0.13 0.25 Mote: i
medium sand 0.25 0.5
coarse sand 0.5 1 P Fool Pebble Count, Ellerbe Creek
wvery coarse sand 1 2 - H HHH HEHEH H HEH ™ ™= it
wvery fine grawvel 2 E Q09 ' L4 84 H—
fine gravel 4 5 H I I
fine grawvel =] =] 80% H I I
mediurm gravel 8 11 _'(:':U FO%% 0 0
mediurm gravel 11 15 =m0 H HI: HI:
coarse gravel B 22 S :
coarse gravel 22 32 ic S0% — —
very coarse grawvel 32 45 = A0 : HI HI
wvery coarse grawvel 45 =% E H HE HE
small cobble B4 50 o 30% ; - 1
medium cobble =]u] 128 209 ; g g g g
large cobhble 128 180 1% : P P
very large cobble 150 256 ® 1 R 1
=mall boulder 256 562 0% . e B e -
small boulder 352 512 0.01 0.1 1 10 100 1000 10000
meldiur'n EDU:SBF 1501224 ;gig Particle Size (mm) [—=— cumulative Percent  « Percent ltem
arge ou er
very large boulder| 2045 AD95 Size percent less than (mm) Fercent by substrate type
bedrock o165 | D35 ] Ds0 [ DBd | Des silt/clay [ sand |  grawvel cobble | boulder [ bedrock
Total Particle Count. 111 4659 | sro [ 140 | 27 [ =) 1%% [ EES EEE T |GES GRS




APPENDIX B

ELLERBE CREEK PHOTO LOG



Ellerbe Creek Photo Loq

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-P1to AL-P8
Photos AL-XS1 to AL-XS4
Photos AL-V1to AL-V3

Croasdaile Reach Photos CR-P1 to CR-P3
Photos CR-XS1 to CR-XS4
Photos CR-V1to 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* (steI:rlz?sfte;kes) 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



ECNEU/OO

ROJECT:

STATE OF NORTH CAROLINA

H klggﬁ;g

WETLANDS RESTORATION PROGRAM

SN s - STREAM RESTORATION PLANS
R R NEC ELLERBE CREEK,

msq|rv
4
x
H
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ey,
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R

HILIANDALE GOLF COURSE

LOCATION: DURHAM, NORTH CAROLINA

‘ TYPE OF WORK: STREAM MITIGATION
ARING, GRUBBING, GRADING, EROSION CONTROL AND PLANTING)

g % s L SN
- g A %ﬁ‘mmmgﬁg

SHEET 5

u

7

VALl

TITLE SHEET.......... A

sTATR WRP PROJECT REFERENCE NO. SHEET

=)

C| EC/NEU/00 | 1

CONVENTIONAL SYMBOLS

Prop. Slope Stakes Cut . .. .. .. .._.... —__&___
Prop. Slope Stakes Fill . . . ... . __. L4
Prop. Right of Way Line with Proposed
RW  Marker {lron Pin & Cap). . .. . ... . momh—

Prop. Temp. Construction Easement Line . . .
Stream or Body of Water

Prop Lateral, Tail, Head Ditches _ . . _ . _ .. S

Pipe Culvert

Drainage Boxes
Exist. Pole
Hydrant. . . _ . .
Exist. Water Valve
Power Manhole
Sanitary Sewer Manhole . . .. . . . . N
Storm Sewer Manhole . . . . . .. . ... ..
Recorded Water Line . . . . .. .

Sanitary Sewer _ . . .

Storm Sewer. .. . ...
Property Line. . . . .

Property Line Symbol . . . . .. __ .. .. _._ 8
Exist.lron Pin . .. _ ... .. .. ... ..._ [

Fence Line

Bridge . . . .. ... ... ... ......
Box Culvertor Tunnel . _ . . . . .. ...
Single Tree . . . . ... ...
Hedge _ . . . . ..
Woods Line

P

OFILE (HORIZONT.

=
AL)

~ e
DESIGN DATA ) PROJECT LENGTH }

DESIGN STREAM TYPE = C4 EXISITING STREAM LENGTH = 6lIS FEET

Prepared In the Offlce of:

Stantes Coneuting Services, ino.
Sutte 300, 801 Jonee Frankiin Aoad
Rdeigh, HC 21606
Stantec Tol 918515068 Fax 918517024
www.atahec.com

BANKFULL AREA (FT?) = 17 TRIB, 2942 MAIN
BANKFULL WIDTH (FT) = 18 TRIB, 22-26 MAIN
BANKFULL DEPTH (FT) = 1.5 TRIB, 1.8-2.2 MAIN
W/D RATIO = 12

AS BUILT STREAM LENGTH = 6279 FEET

OWNER CONTACT: PERRY SUGG

WRP PROJECT MANAGER

DESIGNER

BRAD FAIRLEY

LETTING DATE: PROJECT MANAGER

KATHLEEN M. MCKEITHAN, PE
PROJECT DESIGN ENGINEER

(\_
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AT Fil

AEVISIONS

CHANNEL GONSTRUCTION LIMITS

PROJECT REFERENCE NO. SHEET NO.

ECNEUA0 2

— B
-
-~ \\
~
~
AN
T~ 4 N
3 {_
y7 \
/ \ ]
/ ' EXISTING GROUND
; ~ T '
\ N\l
\
PRAPOSED CHANNEL
TYPICAL CHANNEL SECTIOCN . N yap _
FLOQD-PRONE AREA "'“\ SANKFULL WIDTH VARIES 18 - 26 V2l FLOOD-PAONE AREA ik
VARIABLE ~ FROM STATION  TO STATION  ALIGNMENT WIDTH VARIES 407 - 100 / WIDTH VARIES 40" - 100
GROASDAILE 10+00 16490 TRIB e
HILLSBOROUGH 10400 24485 MAIN ~ -
HILLANDALE 24486 ag+48 MATN ™ Pt
ALBANY 46426 5489 MAIN T e—

SEE TYPICAL SECTION-RIFFLE, RUN, POOL, GLIDE, STEP STRUGTURE
AND STEP POOL FOR DETAILED DIMENSIONS

Stantec Consulting Services Inc.
Sulte 300,801 Jones Franklin Road
Ralelgh, NC

27606

Tol 919.85].6866

Fou 3133517024

www.stantec.com

sivironmentoipka\Elerbashasta2-2 frevissd.don

TYPICAL SECTION - RIFFLE

VARIABLE CROASDAILE MILLSBOROUGH HILLANDALE  ALBANY

BANKFULL WIDTH 16.0 210 28.0 32.0
BASE WIDTH 10.0 10.0 11.0 12.0
MAXIMUM DEPTH 1.9 2.6 2.7 3.1
MINIMUW DEPTH 1.4 1.8 1.7 1.8
WIDTH BASE CHANNEL 2.0 2.0 2.0 2.0
SIDE SLOPE ER: 2.2 3.2 3.9

ALL UNITS ARE IN FEET

$

™ BANKFULL WIDTH
V5BANKFULL WIDTH

VHBANKFULL WIDTH

]
{

BASE WIOTH o
D aNDEE S, HAXTMUN DEPTH
wsmxmu STAGE 7 [~ MINIMUN DEPTH

RN s — AR
AR R A TRASIDE, VU R
N N T S A
%%‘\95'\ ‘%‘%&% %5}35{\%?\)/)\‘ o SR S N é:’f}‘)/.{,/‘?){s )9:7/ \/’A ‘&\;/)‘
ANV CrA N S TN AN A, LA AN
A R AN

THALWEG (DEEPEST POINT IN CROSS SECTION) IS LOCATED IN GENTER OF CHANMEL IN A RIFFLE.

NOTES: - ALL CROSS SECTIONS ARE SHOWN LOOKING IN THE DCWMSTAEAM DIRECTION.
- DIMENSION TOLERANCE TO BE HELD TO +/- 0.2 FT.
- @ - GRADE POINT IS THE ELEVATION SHOWN ON PROFILE.
- ALL SHARP CORNERS SHOULD BE ROUNDED
- BASE CHANNEL CAN BE MADE WITH A BUCKET PRESS

SCALE: NTS

TYPICAL SECTION - POOL

VARIABLE CROASDAILE HILLSBOROUGH HILLANDALE — ALBANY

BANKFULL WIDTH 27.0 27.0 38.0 39.0
CENTERLINE DEPTH 1.2 1.3 1.8 1.4

BAR DEPTH 1.6 2.8 2.5 2.5

MAXIMUW DEPTH 4.0 5.3 5.6 6.4
CENTEALINE TO BAR 5.6 4.7 7.3 7.1
CENTERLIKE TO THALWEG 9.7 8.0 13.0 12,0

" ALL UNITS ARE IN FEET

¢

BANKFULL WIDTH

p— -

&

[
_ VoBANKFULL WIDTH 1 VBBANKFULL WIDTH
CENTERLINE
GENTERLINE TO THALWEG
TO BAR—i]
CENTERLINE T L BANKFULL STAGE
o e it B
o ,/,\{,-‘ I Ty i
RGN 4;\,@\\,% xﬁ,ﬁf@ & "
& % A2 7 A
STy
A S \'/@) S ’ %S &
o

"%
R i‘(ﬁ%%?&%

THALWEG (DEEPEST POINT IN A GCROSS SECTION}
I8 LOCATER IN THE QUTSIDE QF THE MEANDER BEND.

’
NN XN

NOTES: - ALL CROSS SECTIONS ARE SHOWN LOOKING IN THE DOWNSTREAM DIRSCTION.
- DIMENSION TOLERANGE TG BE HELD TO +/- 0.2 FT.
- @ - GRADE POINT IS THE ELEVATION SHOWN ON THE PROFILE
- ALL SHARP CORNERS SHOULD BE ROUNDED

SCALE: NTS

"STREAM RESTORATION PLANS
ELLERBE CREEK,
HILLANDALE GOLF COURSE

"EONEUOC ™ DURHAM
D™ CGM
"OKMM T 77803
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TYPICAL SECTION - STEP STRUCTURE

VARIABLE CAOASDAILE HILLSBOAQUGH HILLANDALE  ALBANY

BANKFULL WIDTH 16.0 1.0 28.0 32.0
BASE WIDTH 5.3 7.0 9.5 10.7
WAXIMUM DEPTH 4.4 5.7 8.0 5.8
SIDE SLOPES 5.8 9.0 11.1 12.8

ALL UNXTS ARE IN FEET

$

BANKFULL WIDTH DOWNSTREAM AND ARE SHOWN FOR
. CLARITY ONLY.

ROCKS ARE LOCATED IMMEDIATELY

1£(BANDCFLFLL VﬂDTi)I BASE WIDTH - I1.’S(NKFLIU. WIDTH)

SIDE SLOPE ]

BANKFULL STAGE T

AL e
NN k\rﬁ,\, v AP AN
LSy } ) < 4 "’ Y
R e oS e i
Ol N R R TR, Y 1 ' PRI,
AN TR
ANl N, AR ) g 4
A AT AN AT AT AV
THALWEG (DEEPEST POINT IN GROSS SECTION) IS LOCATED
IN CENTER OF CHANNEL IN A STEP STRUCTURE.
NQTES: - ALL CROSS SECTIONS ARE SHOWN LOOKING IN THE DOWNSTREAM DIRECTION.

- GIMENSION TOLERANCE 7O BE HELD TQ +/- 0.2 FY.

- @ - GRADE POINT I$ THE ELEVATION SHOWN ON THE PROFILE
= ALL SHARF CORNERS SHOULD BE ROUNDED

SCALE: KTS

TYPICAL SECTION - ROCK GCROSS VANE
AND STEP STRUCTURE POOL

VAAIABLE  CRADASDAILE HILLSBORCUGH HILLANDALE  ALBANY

BANKFULL WIDTH 16.0 21.0 28.0 az.0
MAXTMUM: DEPTH 5.0 6.0 7.0 7.5

ALL UNITS ARE IN FEET

Ly BANKFULL WIDTH .

J3{BANKFULL WIDTH}

\/56\‘:, A;"},\%Nf.

THE THALWEG (DEEPEST POINT IN A CROSS SECTION) REMAINS IN THE
CENTER OF THE CRANNEL.

“ ’}\’.\ ’
o
oy ){’\, ’x\ )

NOTES: - ALL CROSS SECTIONS ARE SHOWN LOOKING IN THE DOWNSTREAM ODIRECTION.

- DIMEMSION TOLERANCE TO BE HELD TO +f- 0.2 FT.
- @8 - GRADE POINT %L$ THE ELEVATION SHOWN ON THE PROFILE
- BOTTOM SAHLL BE GRADED TO A ROUNDED DEPTH

SCALE: NTS

EXISTING
GROUND\ UPLAND

PROIECT REFERENCE NC. SHEET NO.
ECNEUGO A
Stantew Consulting Services Inc.
Sulte 300, 801 Jenes Frankli Read
Ralelgh, NG
27606
Tel. 919.851.6850
Foe 913.851.7024
wyy.startac.com
TYPICAL SECTION - CREATED WETLAND
— <4 3/‘){
o SRR
sHALLOW Lang  LSEEHGR
y (>2.51)

SALLON R B T,
WATER "&i‘f?f';f,\;;l'u by ;}%

4 %?’ R
RN
ARSI IRR IR

NOTE: SCALE = NTS

"STREAM. RESTORATION FLANS
ELLERBE CREEK,
HILLANDALE GOLF COURSE

" ECNEU00

ST DURHAM

D

Daty

718403
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ROCK CROSS VANE

SCALE:NTS.

NOTES:

1. ALL STONES ARE TO BE STRUCTURE STONE.

2. GAPS BETWEEN BOULDERS $HALL BE WINIMIZED
BY FITTING BOULDERS TOGETHER, PLUBGING
WITH STAUCTURE STONE GLASS A  AND NC.57
AND LINING WITH FILTER FABRIC.

3. DIMENSIONS AND SLQPES MAY BE ADJUSTED TO
FIT BY THE DESIGNER.

4. A DOYBLE FOOTER BOULDER SHALL BE UTILIZED
IN SAND BED WATERIAL.

5. FOOTER BOULDERS AND VANE BOULDERS SHALL
BE NATIVE STONE 08 SHOT RQCK, CUBICAL CR
RECTANGULAR IN NATURE.

FILTER FABRIC SHALL BE PLACED ON THE U'PSTHEAM
SIDE OF THE STAUCTURE TO PREVENT WASHOUT
SEDIMENT THROUGH BOULDEH GAPS. FILTER FABRIC
SHALL, EXTEND FROM THE BOTTOM OF THE FOOTER
BOULDER TO THE FINISHED GRADE ELEVATION AND
SHALL BE PLACED THE ENTIRE LENGTH OF STRUCTURE.

SLOPE OF VANE FROM CENTERLINE
TO TOP OF BANK SHALL BE 2-10%

1/3 OF PROPOSED  1/3 OF PROPOSED  1/3 OF PROPOSED
~ BANKFULL WIDTH BANKFULL WIDTH  BANKEULL WIDTH
] FLOW
FILTER FABRIC e
20°-30°
e
BACKFILL WITH
NO.57 STONE = S |— : TOP_OF BANK
l L
VANE BOULDERS A
\
TOP OF BANK WATER'S EDGE \

1
Ij K SCOUR POOL \ ;\’ L
FOOTER BOULDERS
N J

LR
FILTER SLOPE OF VANE FROM CENTERLINE
FABRIC TO TOP OF BANK SHALL BE 2-7%

STREAMBED
ELEV.

FOOTER
STONE

ETREAMEED

LEV.
SECTION A-A

1/3 OF PROPOSED  1/3 OF PROPOSED 1/3 OF PROPQSED
_ BANKFULL WIDTH BANKFULL, WIDTH BAMKFULL WIDTH

i i
TOP QF STONE SHALL BE SET A MINIMUM OF 0.5 FT
ABOVE EANKFULL ELEVATION AS SHOWN ON X-SECT.

BANKFULL
A 3 ELEVATION
277 NN —
.e T0P QF CENTER 1/3 STONES

SET AT ELEVATION SHOWN
ON LONGITUDINAL PROFILE

ELEV.

FOOTER BOULDERS
WILL BE PLACED INT

Q
CROSS SECTION A WINTHOM OF THE ROBK.

DIAMETER

PROJECT REFEREMNCE NO, SHEET NO.
ECNEUQ0 28

Stantec

Stantec Consulting Services Inc.
Sulfe 300, 801 Jonmes Fromkiin Road
Ralalgh, NC

27606

Tel. 918.85 16866

Foe. $19.85.T024

wwv.starfec.com

ROCK VANE

SCALE: NTS

NOT!

1. ALL STONES ARE TO BE STRUCTURE STONE.

2. GAPS BETWEEN SQULDERS SHALL BE MINIMIZED
BY FITTING BDULDEHS TOGETHER PLUGGING
WITH STRUCTURE STONE GLASS A AND NO.57
AND LINING WITH FILTER FABRIC.

3. DIMENSIONS AND SLUPES MAY BE ADJUSTED TO
FIT BY THE ENGINE

4. A DOUELE FGOTER BOUL.DER SHALL BE UTILIZED
IN SAND BED MATERIAL

5. FOOTER SOULDERS AND VANE BOULDERS SHALL

BE NATIVE STONE OR SHOT ROCK, CUBICAL OR
RECTANGULAR IN NATURE.

’ FIL'EER FABRIC SHALL BE PLACED ON THE UPSTREAH

OF THE STAUCTURE TC PREVENT WASHOUT O
SEDIMENT THAOUGH BOULDER GAPS. FILTER FAERIC
SHALL EXTEND FROM THE BOTTOM OF THE FQOTER
BCULDER TQ THE FINISHED GRADE ELEVATION AND

SHALL BE PLAGED THE ENTIRE LENGTH QF STRUCTURE.

BAGKFILL WITH
NQ.57 STONE

VANE BOQULDERS
FILTER FABRIC

ROCK STILL

R{ [
FOOTER BOULDERS N
EDGE OF WATEAR

FOOTER BOULDEHS

WILL BE PLACED
THE EXISTING SUBSTRATE \
A MINIMUM OF THE BOULDER DIAMETEH

SLOPE OF VANE FROM CENTERLINE
TO TOP OF BANK SHALL BE 2-10%

TOP OF BANK Y EDGE OF WATER
e
/ Q\’G&
1/8 TO 15 WIDTH OF -
PAOPOSED CHANNNEL, e

TOP OF BANK

PLAN VIEW

STREAMBANK

BANKFULL ELEVATICN

INTD

STREAMBED
ELEVATION

SECTION A-A

"“STREAM RESTORATION PLANS
ELLERBE CREEK,

HILLAMDALE GOLF COURSE

"EONEUDD T DURHAM

T oM

™okvM T 7s03




PROIECT REFERENCE NO. SHEET NO.
2C

ECMNEUQ0

REVEHING
EXISTING GROUND

CART PATH

FLOODPLAIN INTERCEPTOR

SCALE: NTS

3 FT. MIN PROPOSED
\'—‘| BANKFULL
_— ] — ———
B . T— PROPOSED CHANNEL
0.5 FT. MIN X INVERT (THALWER)
PROPOSED FLOGD-PRONE PROPOSED FLOQD-PRONE
CULVERT CULVERT /
exXrsTING RIP RAP CLASS A IRy /
SECTION A-A SEPARATION
Stantec Consulfing Services Inc.
MIN &6 " Sulte 300, 8C| Jones Frankin Read
Ralelgh, KC
PROPOSED FLOQD- 27606
PROPOSED BANKFULL FRONE AR To 3le8sLeses
CHANNEL Eﬁ 3|9.E: LLTmorzq

RIP RAF CLASS A
WITH FILTER FABRIC

FLOOD-PRONE CULVERT DETAIL

PROPOSED
GROUND LINE

RIP RAP SHALL BE A
WIKIMUM OF 0.2 IN.
TN DEPTH,

INSTALLATION OF J.HOOK VANE

SECTION B-B
J-HOOK VANE
A TRENCH SHALL BE DUG IN SUCH A MANNER THAT THE FOQTER
BOULDEAS AND A MINIMUM OF 2/3 OF THE HEADER BOULDERS ARE
BURIED BENEATH THE 8ED SURFACE ELEVATION. AN EXCAVATOR,

PLAN VIEW

PROPOSED
CHANNEL TQE

SCALE: NTS
FILTER SLOPE OF VANE FROM CENTERLINE
TYPICAL MATTING LOCATION DETAIL FABRIC TO TOP OF BANK SHALL BE 2-7%
E WITH A BUCKET THAT CONTAINS A HYDARULIC THUME, SHALL
SCALE: NTS z BE USED Y0 PLACE BOULDERS WITH THE SUPEAVISION OF THE
: DESIGNER. SEE SPECIAL PROVISIONS FOR HEADER AND
FOOTER DIMENSIONS. FOOTER BOULDERS SHALL BE PLACED FIRST
9, STREAMBED WITH HEADER BOULDERS PLACES ON TOP PRICA TG BACKFILLING
0533 ELEV. THE TRENGH. 1IN THE CENTER OF THE CHANNEL, THE HEADER
i BOULOERS SHALL BE PLACED JUST ABOVE THE BED ELEVATION,
& b FOOTER WHILE THE HEADER BOULCERS ON THE BANK SHALL BE PLACED AT
[RE b STONE BANKFULL ELEVATION. HEADER BOULDERS SHALL SLOPE FRGM THE
Fotatetd %Rt STREAMBED BED ELEVATION, AT THE HEAD OF THE VANE,TO BANKFULL ELEVATION
Po! %l XS] ELEV, AT A SLOPE OF 2%-7%, HEADER AND FOOTER BOULDERS SHALL BE TIED
B ol SECTION A-A SECURELY INTQ THE BANK IN SUCH A WAY THAT ELIMINATES THE
COIR FIRER MATTING o5t ey POSSIBILITY OF STREAMFLOW DIVERTING AROUND THEM, ANY SOIL
oo I S e PRGROSED SR e SO M PERsAAeY sts0Tog Wesgps L B e
. BEYOND BANKFULL pekedod 205 .
Rog Kooy .
PROPOSED o Rt
o CHANNEL Toe ] | SIOLGF THe VANE STRUGTURE 10 PREVENT WASHOUT OF
SRR IR AR ST A WA,
R o g S Rl
e, SRR Aeeifed Al ND. OTER
S R AR FLOW BANKFULL BOULDER TO THE FINISHED GRADE ELEVATICN AND
et P 1 HEADER HALL BE PLAGED THE ENTIRE LENGTH OF STRUCTURE.
X %2 BOULDER STREAMBANK
BANKFULL
k Ry BANKFULL ELEVATION
VANE BOULDERS o N LRI == == mmm g e e e
BACKFILL WITH
NO.57 STONE .
/ ad s
FILTER FABRIC N .
HOCK SILL N Y FIIETER
! SCOUR. POOLY, ABRIC
¥ "~\, A
' P 3
Voov o FOOTER BOULDERS
1 ! | WILL BE PLACED INTD
' ! THE EXISTING SUBSTRATE _ )
' " A MININUM OF THE BOULOER DIAMETE
, STREAMBED
ELEVATION

SECTION A-A

.
* -

FOATER BOULLER
PLAN_VIEW
"STREAM RESTORATION PLANS

ELLERBE CREEK,
HILLANDALE GOLF COURSE

"EONEWOR T DURHAM

NOTES:

1. SEE SPECIAL PROVISON FOR MATTING TIE DOWN AND
OVERLAP SECIFICATIONS.

2. MATTING SHALL BE COIR FIBER MATTING AND SHALL
BE BEIODEGRADABLE, INCLUDING TWINE, FILLER, AND
BONDING MATERIAL.

g T mens

PROPCSED BANKFULL

R
b2 s

"y

&

FIAST BOULDER TIED INTO
STREAM BANK

e
&

otele
RRA
25
ole?

XX
57

>
S5

e

o
(2

-

AR

.::
&

X
250

4,

v
28

{53

Y.
o
?0?6*0‘

R

'v::v
XL

557
AP

,‘
&
A2
e
&35
93
e,

5

LS

5

.
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PROJECT REFERENCE NO. SHEET NC.

05/26/2005
v ironm T o plan’

0IINIT P

ECAEU00 bl
Stentec Consulting Services Inc.
Sulte 300, 801 Jones Frorkiln Read
Ralalgh, NC
27606
Tel 918.85L.6866
Fax 9198517024
www.sTariec.com
SCALE: M.T.S.
SCALE: NTS INLET SWALE
[ CLASS B RIP RAP l
ZiZ ROCK CHECK DAM k
5|E SPLASK POOL
] 2 FT DEEP
5%
o
Ets
(=3
| £|T — .
f w
s fr 0 xr 4 e —— =
| ’ A
1 1 t
+ EXISTING TOP OF BANK
MIN. (5 FT.
S
MIN. 1 FT. WIDER THAN I FLOW DIRECTTON
EXISTING CHANNEL OF EXISTING CHANNEL _ _ .
il
——— __I_.___{______.__-
I-—- -~ EXISTING TOP OF BANK
EXISTING GROUND = 2 =
] = E CLASS B RIF RAP
IMPERVIQUS SELECT T =2 L ROCK CHECK DAM NOTE:
MATERTAL = = z QUTLET SWALE SHALL TIE
g \~ & STREAM INTO FLODD PLAIN INTERCEPTOR.
= w i
v I g . x
S 5 & |2 & ES
=] ] = o ]
w @_ | ||£ @ W QUTLET SWALE
o " W w w
=1 a [x] [=] =
B g 7 e 2 B FLOOD PLAIN INTERCEPTOR
= L 'm ™™ a
a a =] =] w
wl a I w ey mmme—-
5 & V2 =] g
& [~ < = ]
o (=4
= | l =
[
TOP OF BANK
BOTTOM OF BANK
PLAN VIEW CENTEALINE
HOTTCM QF BANK
TOP OF BANK
BANKFULL WIDTH PLAN VIEW
COIR FIBER AT
5 FT. MIN
IMPERVIOUS
4:1 SLOPE /—SELECT MATERIAL
Avd BANKFULL STAGE g wr~gr @
R SHAUBS MARSH POOL | MARSH , SHRUBS .
\1 FT. MIN. DEPTH BELOW
EXISTING CHANNEL GRADE
0.5-%.0 FT DEEP |~ ™we
WIN. 9.5-1.5 FT DEEP
AT AEAT AN AT AN AT A AW
CROSS SECTION 3§77 FT wibe R R
STREAM. RESTORATION PLANS
CROSS-SECTION A-A ELLERBE CREEK.
HILLANDALE GOLR COURSE
"EGNELGD ™ DURHAM

G0 ¥t

CGM

™ o

KM T 7802
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; Vo
i M 03
i Stantsc’ Consulting Servicas Ine.
Sulte 300, 80! Jones Franklin Read
Ralelgh, NC
27606
Tel 98.851.6866
Foe 919.851.1024
www gtarfec.com
\
SCALE:NTS )
NOTE: 1. ALL STOMES ARE T® BE STRUCTURE STOKE.
2. SIDE SLOPES WILL BE MATTED.,
3. 8" BY 2' WIDE EARTHEN BERM LOCATED ATOP ROOT
WADS TO DIRECT SHEET FLOW AWAY FROM ROOT WADS.
WHEN BACKFILLING OVER AND ARGUND ;
ROOT WAD LOGS PACK STONE BETWEEN
ALL WADS TO FIRMLY SECURE ALL
CONNECTIONS AND GA®S. ROOT WADS TO |
CVERLAF. STRUCTURE STONE SHALL BE PLACED
BETWEEN ROOT WADS. NO- GAF BETWEEN BOTTOM
OF ROOT WAD & STREAMBED. ROOT WADS ARE
HARDWOOD . SEE_SPECIAL PROVISIONS
FOR STONE SIZE.
INSTALLATION BY DRIVING ' INSTALLATION BY-
ROOT WAD INTO STREAMBANK : TRENCHING
- ANGLE ROQT WADS 25°-20° ANGLE ROOT WADS 25°-30°
ELLERBE ASPHALT DETAIL FOR GOLF CART PATH UPSTREAM TOWARDS THE FLOW UPSTREAM TOWARDS THE FLOW
SCALE: N.T.S. .y ~
S~ ~
\ho \ -~
EXISTING GROUND MINIMUK & ET. WIDTH

€" BY 2" WIDE
EARTHEN BERM

5" BY 2' WIDE

EARTHEN BERM
ANCHOR ROCKS ROOT WAD LOGS MINIMUK FOOTER 10G ROOT WAD LOGS
10" DIA. AND MINIMUN 15' , MINIMUM 10% DIAMETER MINIMUM 10" DIA. AND
IN LENGTH WINIMUM 10 FT. LENGTH MININUR 15" IN LENGTH
PROP. APPROX. 2" ASPHALT CONCRETE SURFACE GOURSE
TYPE 1-2, AT AN AVERAGE RATE OF 105 LBS, PER 5Q.YD.
IN EACH OF TWO LAYERS.
a
O R Rt T W R INSTALLATION BY DRIVING TOP-0F Ack H00T Wb Lo INSTALLATION BY TRENCHING TP OF EADH RooT WAD.Lod
tROOT WAD INTO STREAMBANK S0 THAT THE STAUCTURE S0 THAT THE STRUCTURE
. (3) PROP. APPAOX. 2" AGGREGATE SAST GOURSE SEE PLANTING PLAN FOR 18 SECURE. SEE PLANTING PLAN FOR 1$ SECURE.
STABILIZATION MEASURES 6" BY 2' WIDE EABILTZATION MEASURES a" BY 2 WIDE
BANKFULL EARTHEN BERM BANKEULL EARTHEN BERM
ELEVATION, T ELEVATION
R,

ROOT WAD

ROOT WAD
HORIZONTAL HORIZONTAL
TO INVERT TO INVERY

BOTTOM OF ROOT WAD
0.5 FT. BELOW INVERT ELEV.

FOOTER LOG

0.5 FT. BELOW INVERT ELEVY.

ROOT WADS - CROSS SECTION (CUT)

"STREAM RESTORATION PLANS
ELLERBE CREEK,
HILLANDALE GOLF COURSE
" ECNEUOD  “™ DURHAM

m

CGM
o £

K A3



REVISHONS.

O5/25/2005
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3" DIAMETER SAPPED PVC
FOR DRAWDOWN AND MAINTENANGCE

CROSS-SECTION

CREATED WETLAND OUTLET DEVICE

3" DIAMETER PVC

CLASS B AIP RAP

ANK
—_—

~ [ PRESSURE TREATED
4" x 4" WEIR

PLAN VIEW

|__CLASS B RIP RAP
MINIMUM 5 FT

i NTS

INSTALLATION OF PRESSURE TREATED 47 x 4" WEIR

1. PRIOA TO INSTALLATION OF WALL, DIG LEVEL TRENCH TG
ACCOMUCATE MINIMUM THREE(3)} CCURSES OF TIMBER.

2. STAGGER JOINTS FROM ADJACENT COURSES BY MINIMUM 2'-0".

3. INSTALL 15" DIAMETER REBAR AT MAXIMUM OF 36" C/C. REBAR
RERAR _SHALL BE 12" LONG AND TIE INTO LCWER TWO (2)

COURSES OF TIMBER.

_TOP_OF BANK FLOW —-

—_—

LONGITUDINAL PROFILE

CONCRETE
{¥:1 SLOPE)

CLASS B RIP RAP
MINIMUM 8" DEEP

PRQJECT REFERENCE NO. SHEET NO.

EONEUQO 2F

Stanteq Consuiting Services inc.
Sulte 300, 301 Jones Frankiin Rood
Raleigh, KG

LTe06

Tel, 9198516856
Fot. 91985 LT024
wnistarec.oom .

LIVE STAKE DETAIL

SCALE:NTS

SQUARE CUT-

BUDS (FACING UPWARD)

LIVE CUTTING
(1/2 IN. -1}£IN. DIAKETER:
2-3 FT.

ANGLE CUT 30°.45*

LIVE STAKE

NOTE: STAKING MAY BE REQUIRED THROUGH
MATTING, ROCK OR COMPACTED SCILS.
A STARTEAR HOLE MAY BE REGUIRED.

LIVE STAKES

.
]
EXISTING/PROPOSED
GROUND
-
EXISTING
STREAMBED
NOTE:
1.

LIVE S$TAKES SHALL BE EVENLY SPACED 4 FT.
2. LIVE STAKES SHALL BE DRIVEN UNTIL AFPROXIMATELY
LIVE STAKE IS WITHIN GROUND.
3. IF STAHTER HOLE IS NEEDED, MINIMIZE
AIR POCKET -
4. UTILIZE ALL TRANSPLANT MATERIALS POSSIBLE.
ONCE SOURCE COF TRANSPLANT MATERIAL HAS BEEN DEPLETED,
THEN UTILIZE LIVE STAKING.

BANK STABILIZATION WITH LIVE STAKES

"' HILLANDALE GQLF COURSE
ELLERBE CREEK,
STREAM RESTORATICON PLANS

"EONELO0 ™ DURHAM

™ CeM
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KM 718403
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PLANTING DETAILS
SEEDLING / LINER BAREROOT PLANTING DETAIL

HEALING IN

1. Loeats & healing-in site in a shady, well
protected area.

2. Exeavate a flat bottom trench
1Z2IN. deep and provide drainage.

PLANTING METHOD
USING A SHOVEL

3. Backfill the trench with 2IN. well
rotted sawdusi. Place a 2IN. layer of
well rotted sawdust at a sloplng angle
at one end of the trench.

: 2. Remove soil from hale
1 2;93"‘33’:5 v;?_ﬂ:ggvfﬁ with shovel. Hole shall
parep th not be made by compacting
and width for sesdling. soll away frem the nhole.

4. Place a single layer of plants
against the sloping end so that
the root collar is at ground level.

3. Remove shaval, and
place seadling at
correct depth.

4. Fill hole with soil.
Tamp sell to remeve
air pockets.

Water Thoroughly.

PLANTING NOTES:

PLANTING BAG .
During plamting, seedlings
shall be kept in a moist
canvas bag or similar
centainer to prevent ‘the
roeot systems from drying,

5. Place a 2IN, layer of well rotted
sawdust qvar the reots maintaining
a sloping angle.

ROOT PRUNING

ALl seedlings shall be ract
pruned, if necassary, so that
RO roots extend more than
24inches (24IN.} balow the
reot gelilar,

6. Repeat layers of plants and sawdust
as necessary and water thoroughly.

TREE AEFORESTATION SHALL BE PLANTED 13" ON CENTER, RANDOM SPACING,
AVERAGING &' ON CENTER, APPROXIMATELY 260 FLANTS PER ACRE.

PROIECT REFERENCE NO. SHEET NOQ.
ECNEUQD I}

Stanteo Consuting Services Inc.
Sulte 300,801 Jorms Frarkin Road
Ralelgh, NC

21606

Te 9[9.85L6866
Foo 919.25L7024
winistatheccom

LOCATE ROQTBALL
SLIGHTLY ARQVE GRADE

= S
REMOVE ALL : % % XXX,
NYLON STRING OO

23" WULCH LAYER

PLANTING DETAILS

SCALE: NTS

BALL AND BURLAP PLANTING

4'-8" EARTH
RETENTICN RING

J
BACKFILL

FOLD BACK BURLAP
& WIRE BASKET

[ WIGE PLANTING SPACE

NOTES:

1.

2.

G.

4.
S.
6.

PLANTING HOLE SHALL BE 2 TO 3 TIMES WIDER THAN ROOTBALL
AND THE SAME DEPTH. ROOTBALL SHALL BE LOCATED ON FIRM SOIL.

NOTES:
WIRE BASKETS AND BURLAP SHALL BE CUT AND FOLOED DOWN 1. PLANTING HOLE SHALL BE 2 TO 3 TIMES WIDER THAN ROQTBALL
EEOEEMTSEEEOP HALF. ALL SYNTHETIC BURLAP AND NYLON STAINGS SHALL AND THE SAME DEPTH, AOOTBALL SHALL BE LOCATED ON FIAM SOIL.

2.
"BOUND” OR CIRCULAR GROWING ROOTS SHWALL BE CUT ON SEVERAL SIDES

OF THE ROQTBALL.

BACKFILL HOLE WITH SOIL AND PACK FIRMLY TO REMOVE AZR POCKETS.
MULCH ARCUND PLANT AND WATER THOROUGHLY.

3
4,
STAKING MAY BE REQUIRED AS NEEDED. =

LOCATE ROOTBALL
SLIGHTLY ABOVE GRADE

. "BOUND" OR GCIACULAR GROWING ROOTS SHALL

CONTAINERIZED PLANTING

4'-6" EARTH
RETENTION RING

3" MULCH LAYER

&
&
ote,
bo!
525,

L)

£
%

%%

R
o0,
e
>
...

K

o
K
%y

I WIDE PLANTING SPACE I

CAREFULLY REMOVE CONTAINER TO KEEP THE EXISTING GONTAINER SQIL
IN GONTACT WITH THE ROOTS.

BE CUT QN SEVERAL SIDES
OF THE ROOTBALL.

BACKFILL HOLE WITH SQIL AND PACK FIRMLY TO REMOVE AIR POCKETS.
MULCH ARQUND PLANT AND WATER THOROUGHLY.

™ HILLANDALE GOLF COURSE
ELLERBE GREEK,
STREAM. RESTGRATICM PLANS

7

ECNELO0 ™™ DURHAM
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PROJECT REFERENCE NO. SHEET NC.
ECNEUOO 24

Stanteo Copsulting Services Ino.
Sulfe 300, 801 Jonws Fravddt Road
Raleigh, NG

TTe06

Tol 2195515865

fac 3188517024

wewstates.con

JUNGTT

le. .B"

i.j

— OPTIONAL MANHOLE

(—\

X

#

==
T

P e |
A R A
F I}k"‘? \l-'!: ——
=

PLAN SEE STANDARD B49.54

FOR VANHOLE GOVER & FRAME
/' OPTIONAL

BRICK MAY BE USED TO
ADJUST FRAME & COVER
TO SURFACE ELEVATICN WAX. 1'

HEADER

HE T | Y
CCURSES I T 3
i 1 ¥ 1
LT LI L] =
\ 1

INLET PIPE
e/

SEC

5"

it

TION X-X
SEE STANDARD 640,54
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ON BOX DETAIL

GENERAL MOTES:

CHAMFER ALL EXPOSED CORMERS 1".

LSE CLASS "B" CONMCRETE THROUGHOUT.

MORTAR JOINTS 32" + 14" THIOK.

CONCAVE TOO ALL EXBOSED JQINTS.

USE FOAMS TO CONSTRUCT THE BOTTOM SLAB.

JUMBG BRICK WILL BE PEAMITTED. CONCRETE BRICK OR 4"

SOLID CONCRETE BLOCKS MAY BE USED IN LIEU OF OLAY BRIGK.
FOR 8'-0" IK WETGHT CR LESS, USE 8" WALL. OVER 8'-0" IN
HEIGHT, USE 12" WALL TO 8'-0" ZRON TOP OF WALL, AND B" WALL
FOR THE REMAINING 6'-0°. ADJUST DINENSIONS AND OUANTITIES
ACCORDINGLY,

IF REINFORCED CONCRETE PIRE IS SET IN BASE SLAS OF BOX,
ADD TO BASE AS SHOWN ON STANDARD MO. 840.00.

PROVIDE ALL JUNGTION BOXES OVER 2'-8" IN LEPTH WITK STEPS
42" ON CENYERS IN ACCCRDANGE WITK STD. XO. BAQ.66. .

ADJUST THE STEEL, CONCREYE AND BAICK WMASONRY QUANTITIES
TO INCLUDE THE ADDLTION OF THE MANHOLE (I.5. DIASONAL BARS
SHORTEKED ARCUND OPENING IN TOF SLAB, ADDITIONAL YARTABLE
HEIRHT BRICK KASONRY, OPENING IN TOP SLAB,)

MAX, DEPTH OF THIS STAUGTURE FROM TOF OF BOTTOM SLAB TO
TGP ELEVATION IS 12 FEET.

SECTION
C-C OR D-D

14" X 8" EXP. JOINT

| @ ﬁi
= s

SECTION Y-Y

DIMENSIONS AND QUANTITIES FOR BAICK JUNGCTION BOXES
DINENSIONS OF 80X AND PIFE | porcior lons TGP SLAB CUSIE YARDS | nenucTions ror ovE
PIPE | SPAN | WIDTH | HEIGHT BARE DIMENSIONS  oong T BAICK WASONRY | PIPE Cu.YOS
TOF & | WIN, |WALL PER
0 A B H NO.  |LaNgTH E 3 BOTTOR HELGKT g ol sl Re.
12" [ a0" | 2o | T3 12| 81" | a4 | 92" | 0.412 | 0.591 | 0.563 | 0.020 | 0.032
i |zt | 26" | zoa" 12 1" | 34" | 34" | o.:% | 0.857 | 0.283 | w.091 ] 0.047 |
18" | 2-4" | 24" | zip” 14 -5" | 38" | 9°-8" | 0,498 | 0.814 | 0.298 | 0.044 | 0.08S
24" 8" | &-o" | 8'-3" 16 417 4'-4 | a'-4" | 0.685 1.176 | 0,382 | 0.078 | D0.112
ap” -4 | 94" | a'-g" 18 4.5 | «4-8" ) «'-8" | o.m0v | 1.481] 0.995 | c.122| p.1re
s 40" | 4" | g | =0 §-1"| §-4" | -4 | 1.083 | 1.958 | 0.487 | 0.178| 0.5%%
42" 4.8 | 4'-8" | 4'-g" 22 §-8" | &-0" | g'-0" | 1.332 | 2,508 | 0.527 | 0.240 | 0.323
48" 5'-4" 5-4" | §-8% 28 8'-5" | &-8* | 98" | 1.648 | 2,940 | 0.560 | 0.313] 0.422
54" [s'-10" [ §-10" | 597 28 §-11"| 7'-2") 72" | 1.902 | 3.502 | 0,808 | 0.396 | 0.535
" g-6" | g.8" | @3 w0 7Tt T-10") 710" | 2,272 | 4.113] 0.658 | 0.489 | 0.680
h" 74" |7 [ @s" | 82 | -2’ | 85" @-3° | a.64 | 4778 | 0.708 | 0.891 | 0.798
T

ax04Y) PR
R

0572672005
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Hillsbarough Reach

Plot Side HEWV HB V2 HBVG
Pin Coordinate | N25741.5610, | N2016120.1110,| N2016551.0670,
" | E827358.:2480 | E 8274286750 | E 8275051970
A 185 3.9 31.9
B Xl 354 =6
C 22 3.1 .3
D 53 B2 204
Croasdhile Reach
Pict Side CRM CRV2
Fin Coordrate | N2016311.8250, | N2016833.5100,
’ E 8277411850 1 EBZ7520.8490
A x4 183
B - BZ 6.5
c 249 A7
b 319 4.1
n
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BENCHMARK
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RIP RAP
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ROQT WAD
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Cross Section Coordinates
Cross Section Laft Right
‘X Y X Y
HB-X81 20157434672 827358.9107 20157719160 827316,0290
HB-XS2 2015785.8690 827375.3180 2015600.2380 §27322.8919
HE-X53 2016595.8390 B27499.8180 20166100550 827433.3500
HE-%54 2016654.5640 827499.8920 2016634.3480 827432.4490
CR-X51 2016939.2860 B27570.7490 2016915.6680 8275524340
CR-X52 20189577640 B27541.2870 2016933.5100 827520.8490
HD-X51 20172973510 827444.6380 2017305.8250 B27358.5730
HD-X52 2017374.0400 827421.2960 2017358..2670 827357.0970
HD-X83 2017862.0380 827326.3380 2017835.7278 827218.0475
HD-X54 2017870.4020 827311.3050 20179193180 827220.8030
AL-X81 2019638,8850 B827132.4120 20196533780 B27052.7850
AL-X52 2018670.2730 B827138.9190 2019716.0120 827068.9910
AL-XS3 2019819.4540 827182.5337 2019825.5310 827101.4830
AL-XS4 2018845.6470 827189.0380 2019867.0530 8271127780
HE-V3
1A 20+58
HB-PELT
STA 17+85
HB-PS
STA 15494 N g s ——
oA :::=====:============::§===ﬁ&
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2 =
STA 15+85

CR-P1
STA 10+060

CR-p,
STA 1augs

5 P22
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CR=v/
5Ta :3115

HB-pg
§ STA 23455

PLAN VIEW BASED UPON AS—BUILT DRAWINGS FROVIDED BY DEWBERRY AND DAVIS, INC

TITLED SEI ENVIRONMENTAL, INC TOPOGRAPHIC AS—-BUILT SURVEY, ELLERBE CREEK,

HILLANDALE: GOLF COURSE AND SEALED BY LAWRENCE F. LEE, Il ON MARCH 25, 2005.

DATA PRESENTED BY STANTEC CONSULTING, INC. INDICATES THE LOCATION OF PHOTC POINTS,
CROSS SECTIONS, AND VEGETATION MONITORING PLCTS ONLY, AS OF MAY 25, 2005.
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Stantec Consulting Services Inc.
Suite 300, 801 Jones Frenklin Rood
. Releigh, NC 27508

Tel,  919.851.8888

Faox. 918.851.7024

www.stantec.com
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HD~p2
Hp-VL ST
STA 27498 A 29477
-
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& M SENCHMARK
-0 RIS RAP
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— CROSS SECTIONS
— PHOTOPOINT LOCATIONS
VEGETATWE PLOTS

N
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Cross Section Ceordinates
Cross Section Left RiTht

__ X Y . X Y

HB-XS1 2015743.4672 827358.9107 2015771.9160 827316.0290
HB-X52 2015785.8690 8273Y5.3160 2015800.2380 827322.8910
HB-XS3 20165856350 827499.8180 2018610.0850 §27433.3600
HE-X54 2018654,5640 8274998920 20186343480 8274324490
CR-XS1 2018839.2560 B27570.7480 2016915.6680 B27552.4340
CR-X52 2016857.784C 8278412870 2016833.5100 827520.8490
HD-XS1 2017297.3510 8274446380 2017305.8250 B27358.5730
HD-X52 2017374.0400 827421.2%60 2017358, 2670 827357.0870
HD-XS3 2017862.0380 B27326.3380 2017835,7278 827218.0475
HD-X54 2017870.4020 B27311.3050 2017919.3180 B27220.8030
AL-XS1 2019638.8850 B27132.4120 2019653.3780 B27052.7850
AL-XS2 2019670.2730 §27138.9180 2018716.0120 B27068.9910
AL -XS3 2019819,4940 827182.5337 2019525.5310 827101.4830
AL-XS4 2019845.8470 827169.0380 2019867.0530 §27112.7780

PLAN VIEW BASED UPON AS—BUILT DRAWINGS PROVIDED BY DEWBERRY AND DAVIS, INC

TITLED SET ENVIRONMENTAL, INC TOPQGRAPHIC AS—-BUILT SURVEY, ELLERBE CREEK,

HILLANDALE GOLF COURSE AND SEALED BY LAWRENCE F. LEE, ill ON MARCH 25, 2005.

DATA PRESENTED BY STANTEC CONSULTING, INC. INDICATES THE LOCATION OF PHOTO POINTS,
CROSS SECTIONS, AND VEGETATION MONITORING PLOTS CNLY, AS OF MAY 25, 2005.

) Hillandaie Reach
Plot Side HO\A HD-V2 HO-V3
Pin Coardinate | N2017272.5870, | N2017822.8120, | N2018338,7600,
E 8273573090 | EST29B.6540 | E 827077.4250
A 188 0.8 20
B 484 3.1 446
c x22 4.2 14.2
3] 447 =z 461
B 100

SCALE
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 Stantec Consulting Services inc.
Suite 300, 801 Jones Frankiin Rocd

. Raleigh, NG 27606
Tel. 918.851.5868
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Fox. 915.351.7024
wiw,stantec.com
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_ Siantec Consuiting Services Ine,
; - Cross Section Co — . Hm’l M] . Suite 300, 801 Jones Frankiin Road
Cross Saction Left Right " . Raleigh, NC 27508
Plot Sice A AV | AW To. ‘1o sace
X ¥ . X Y " Fox, 919.351.7924
HE-%&1 0157434672 | 827355.0107 | 20187719160 | Eo7aia me0 Pin Coordinate | N2012138.1520, | N 2016452 8280, | N 2020679.9630, e stantec.cam
HE-XS2 2015795.8690_| 5273753160 | 2015800.2380 | 837322.8910 £ B0A0R4. 5000 | E&TM8.98%0 | ERTISR0600
HE-XS3 20165965390 | B27499.8180 . | 2016610.08850 | B27433.2600 . E .
HB-X54 2016654.5640 | 82743908020 | 2016524.8480 | 8274304400 A 198 11 P4
CR%S1 2016336,2660 | 8375707490 | 20169156680 | 857532 4340
CRXS2 2016957.7640 | 8275412870 | 20188335100 | BI7520.84%0 B A7 3g 458
HD-XSH 20172573510 | 8274445380 | 20173058250 | 8273585730 c 08 B U3
HD-XS2 20173740400 | B274712060 | 20173582670 | 6273570970 -
HO-XS3 20176862.0380 | B27326,3360 | 7017H35.7278 | B27218.0475 D 55 7 458
HO-XS4 2017870.4020 | B27311.3050 | 2017819.3180 | B27220.8030 : vi
ALXS 20196336850 | 827132.4120 | 2010663.3780 | 8270527850 e ae0
ALXS2 20196702730_| 827138.9190 | 2018716.0420 | B27086.9510 .
ALXS3 2019810.4040 | B27182.53%7 | 20196255310 | 8271014590
ALXS4 20138456470 | 827180.0360 | 2019867.0530 | @27112.7780
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Y Y Yy TREE UNE . . ' (
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PLAN VIEW BASED UPON AS—BUILT CRAWINGS PROVIDED BY DEWBERRY AND DAVIS, INC E:LLE?V‘kDE? [:Y\E?E?L<
RoOT WAD TITLED SEI ENVIRONMENTAL, INC TOPOGRAPHIC AS—BUILT SURVEY, ELLERBE CREEK, o
HILLANDALE GOLF COURSE AND SEALED BY LAWRENCE F.°LEE, Il ON MARCH 25, 2005. Appendix D .
CROSS SECTIONS ) )

PHOTOPOINT LOCATIONS

he— DATA PRESENTED BY STANTEC CONSULTING, INC. INDICATES .THE LOCATION OF PHOTO POINTS, Plan View
77777 VEGETATVE PLOTS CROSS SECTIONS, AND VEGETATION MONITORING PLOTS ONLY, AS OF MAY 2‘5, 2005.
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APPENDIX E

ELLERBE CREEK AS-BUILTS
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VICINITY

NOT TO SCALE
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36" RCP

CONTROL IRON FOUND

REINFORCED CONCRETE PIPE

BENCHMARK

TREE LINE

RIP RAP

ROCK STRUCTURE

ROOT WAD

THALWEG

LEFT BANKFULL

RIGHT BANKFULL

I, Lawrence F. Lee lll, hereby certify that this Topographic
Survey map was prepared under my supervision, that the survey
was conducted under my supervision according to the Standards
of Practice for Land Surveying in North Caroling; that this

survey is a Class A topographic survey, and the vertical error

does not exceed .10 times the square root of the number of miles
run from the reference datum; witness my hand and sedl

this _25TH day of

MARCH , 2005 .
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Lawrence F. Lee I, PLS L—3884
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# Dewberry

Dewberry & Davis, Inc.

2301 REXWOODS DRIVE
SUITE 200

RALEIGH, NC 27607
PHONE: 919.881.9939
FAX: 919.881.9923

SEI ENVIRONMENTAL, INC.
TOPOGRAPHIC ASBUILT SURVEY
ELLERBEE CREEK
HILLANDALE GOLF COURSE
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TBM 355.49
&

TREE TABLE

T2096 18" CEDAR
T2172 20" MAPLE
T2178 30" OAK

T2179 30" OAK

T2940 12" CEDAR
T2941 127 TWIN CEDAR
72942 14" CEDAR
T3290 10" CEDAR
T3297 24" PINE
T3299 14" GUM

T3300 20" GUM

T3322 10" TRIPLET CEDAR
T3564 12" PEAR
T4909 34" PINE

T4913 22" PINE

T4914 25" PINE

T4916 18" CEDAR

7 INCH = 60FEE

|, Lawrence F. Lee lll, hereby certify that this Topographic

Survey map was prepared under my supervision, that the survey
was conducted under my supervision according to the Standards
of Practice for Land Surveying in North Caroling; that this

survey is a Class A topographic survey, and the vertical error

does not exceed .10 times the square root of the number of miles
run from the reference datum; witness my hand and seal

this 24TH day of _MARCH , 2005 .
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lawrence F. Lee Ill, PLS L—3884

1) Horizontal and vertical datum taken from approved construction

drawings by Stantec, dated 07/18/03.
2) Lowest bankfull shown in profile for clarity.
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1) Horizontal and vertical datum taken from approved construction
drawings by Stantec, dated 07/18/023.
2) Lowest bankfull shown in profile for clarity.
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