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The NCDWQ assigns surface waters a classification in order to help protect, maintain, and preserve water 
quality. New Light Creek is designated as WS-IV, NSW, and CA. The project area (Bold Run Creek) is 
located upstream from this designated portion. 

WS-JY waters are used as sources of drinkable water, which are also protected for Class C uses. WS- 
IV waters are generally in moderately to highly developed watersheds or Protected Areas (NCDENR, 
2005). Class C uses are "waters protected for secondary recreation, fishing, wildlife, fish and aquatic 
life propagation and survival, agriculture and other uses suitable for Class C" (NCDENR, 2005). 
Nutrient Sensitive Waters (NSW) is a supplemental classification intended for waters needing 
additional nutrient management due to their being subject to excessive growth of microscopic or 
macroscopic vegetation. In general, management strategies for point and nonpoint source pollution 
control require control of nutrients (nitrogen and/or phosphorus usually) such that excessive growths 
of vegetation are reduced or prevented and there is no increase in nutrients over target levels. 
Management strategies are site-specific (NCDENR, 2005). 
Class CA waters indicate a Critical Area within a water supply watershed (NCDENR, March 2005). 

2.3 Physiography, Geology and Soils 

Local geology consists of metamorphic rocks of the Raleigh Belt. These include metamorphosed biotite 
gneiss and schist, meta-ultramafic rock, and felsic mica gneiss. 

According to the NRCS, Wake County Soil Survey, Chewacla (Cm), Wehadkee silt loam (Wn), 
Wehadkee and Bibb soils (Wo), Altavista fine sandy loam 0 to 4 percent slopes (AfA), Madison sandy 
laom 15 to 25 percent slopes, eroded (MdE2) and Wilkes soils 20 to 45 percent slopes (WwF) are the 
predominant soil types located within the project boundary (Figure 4. Project Site NRCS Soils Survey 
Map). 

However, during a July 14,2005 field investigation, Steven Stokes, LSS mapped the predominant soils as 
a Chewacla variant with inclusions of Riverview (Figure 5. Project Site Soil Classification Map). 
According to the Wake County Soil Survey, Chewacla (Cm) is described as a somewhat poorly drained 
soil. The Chewacla soils investigated on the project site were well to moderately well drained soils, 
therefore the Chewacla variant classification was selected to describe these soils. Riverview soils are 
currently not mapped by the Wake County NRCS. 

2.4 Historical Land Use and Development Trends 

2.4.1 Historical Resources 

Historical aerial photographs were obtained from the Wake County Natural Resources Conservation 
Service (NRCS) office in order to enhance the assessment of existing site conditions. The intent of the 
review was to understand the chronology of land disturbance and aid in the evaluation of the site and the 
development of an appropriate restoration strategy. Aerial photographs of the site were obtained from 
1949,1954,1965,1971,1981, 1988, and 1993 (Appendix A). 

In 1949, the subject property closely resembled the existing conditions, however the area on the west of 
the project site appears to be forested. 

In 1959, 1965, and 1971, the subject property resembles current conditions. 

In 1 98 1, the subject property appears to be reforested in the north section. 

























Final Restoration Plan Bold Run Creek StreamR?&er Restoration 

A power line easement transects the project site with four (4) utility poles. The frrst utility pole is located 
approximately 20 feet from the right stream bank. The second utility pole is located approximately 40 
feet from the right stream bank near Station 16+50. The third utility pole is centrally located in the project 
site and the fourth pole is situated adjacent to New Light Creek. 

3.2 Channel Classification 

The upstream portion of Bold Run Creek is classified as a "B4c" and "F4" stream type. The stream 
begins as a moderately entrenched channel (1.7) with a moderate width-to-depth ratio (12.6). Proceeding 
downstream, the channel becomes entrenched and widens as the stream transitions into an "F" type 
channel. Near Station 24+00, the channel narrows as Bold Run Creek changes to a "G4c" type stream. 
Low width-to-depth and entrenchment ratios and high bank height ratios are typical of "G" type streams. 

3.3 C h a ~ e l  Morphology (Pattern, Dimension, and Profile) 

A Rosgen Level III assessment was conducted to gather existing stream dimension, pattern, and profile 
data and determine the potential for restoration. Channel cross-sections and bed materials were surveyed 
at six representative locations along Bold Run Creek. Data developed from these surveys are summarized 
below (Table 4) with detailed data provided in Appendix G. 

Table 
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3.4 Channel Stability Assessment 

A qualitative stability assessment was performed to approximate the level of departure and determine the 
likely causes of the channel disturbance. This assessment facilitates the decision-making process with 
respect to restoration alternatives and establishing goals for successful restoration. 

Bold Run Creek exhibits characteristics of an unstable channel, most notably bed degradation and bank 
erosion. Poor grazing management is the primary mechanism of disturbance, however the past removal 
of bank and riparian vegetation has exacerbated the bank erosion (eliminated rooting strength and cover 
protection). Bank height ratios in excess of 1.5, as well as the presence of several exposed bedrocks in 
Bold Run Creek, provide evidence of past bed degradation. Based on the field measurements, further 
degradation and widening can be expected in the lower section of the project before it will be aggrade and 
re-stabilize at the lowered base elevation. 

3.5 Bankfull Verification 

The standard methodology used in natural channel design is based on the ability to select the appropriate 
bankfull discharge and generate the corresponding bankfull hydraulic geometry from a stable reference 
system(s). Thus, the determination of bankfull stage is the most critical component of the natural channel 
design (NCD) process. 

Bankfull can be defined as "the stage at which channel maintenance is most effective, that is, the 
discharge at which moving sediment, forming or removing bars, forming or changing bends and 
meanders, and generally doing work that results in the average morphologic characteristics of the 
channels," (Dunne and Leopold, 1978). Several characteristics that commonly indicate the bankfull stage 
include: incipient point of flooding, breaks in slope, changes in vegetation, highest depositional features 
(i.e. point bars), and highest scour line. The identification of bankfull stage especially in a degraded 
system can be difficult. Therefore, verification measures must be taken to ensure the correct 
identification of the bankfull stage. 

The three methods used to verify bankfull stage at Bold Run Creek were regional hydraulic geometry 
relationships (regional curves), a pressure transducerldata logger combination gauge that monitored actual 
water level in Bold Run Creek throughout the study period, and a hydrologyhydraulics model to evaluate 
flow and sediment transport. 

Regional curves are typically utilized in ungauged areas to approximate bankfull discharge, area, width, 
and depth as a function of drainage area based on inter-related variables from other similar streams in the 
same hydrophysiographic province. Regional curves and corresponding equations from "Bankfull 
Hydraulic Geometry Relationships for North Carolina Streams" (Harman et al., 1999) were used to 
approximate bankfull in the project reach. Based on the regional curves, a bankfull discharge and cross- 
sectional area of 130 ft31s and 25 ft2 would be anticipated. 

Stream stage data (water levels) were collected from Bold Run Creek. Data was collected for four 
months (July through October) and water levels were correlated to an estimated discharge using a rating 
curve generated for the gauged section. During the gauging period, no significant storm events were 
recorded. The maximum discharge event was approximately 14 f?/s on October 8 ~ .  KC1 will continue to 
monitor the stage of Bold Run Creek in an attempt to validate the design discharge. Hydrograph data is 
provided in Appendix I. 

Information from the regional curves and from the hydrologic monitoring was used in conjunction with 
the Hydrologic Engineering Center River Analysis System (HEC-RAS) software to refine the bankfull 
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determinations. The model allows for analysis of one-dimensional (1-D) steady state flow by solving for 
the energy equation. The approximate discharges calculated using the Manning open channel flow 
equation were run through the modeled reaches. The outputs corresponded well with the field indicators 
and to the subsequent calculations of the existing morphological variables. A summary data output 
developed fiom the model is provided below (Table 5). 

Table 5 

Station 
Units 

XS4 
XS5 
XS6 P 

HEC-RAS Hydrologic Variables 

BKF 

BKF 

BKF 1120.01 267.11 1 269.32 1 268.86 1 0.007 1 4.65 

Profde 

BKF 

BKF 

BKF 

WS Elev. 
ft AMSL 

277.60 

120.0 

120.0 

3.6 Vegetation 

Area 

sf 

25.34 

25.89 

33.46 

23.8 

25.3 

25.81 

Q 
cfs 

120.0 

120.0 

120.0 

The existing riparian area is predominantly in pasture. These areas are largely devoid of natural habitat 
communities. Mature trees sporadically line the channel throughout the project reach. Also mature trees 
are located along the hill slope bordering Bold Run on the left bank. It is the intent of the restoration 
project to salvage any valuable trees that may provide immediate shade to the restored channel. 

EG Elev. 
ft AMSL 

277.95 

Bed Elev. 
ft AMSL 

275.46 

274.80 

272.34 

On July 14, 2005, Steven Stokes and April Helms classified the existing natural communities in 
accordance with a "Classification of the Natural Communities of North Carolina, Third Approximation" 
(Schafale and Weakley, 1990). The flora, including dominant species per stratum, were identified and 
recorded. 

Width 

ft 

19.9 

22.69 

22.94 

15.74 

16.96 

15.83 

271.53 

268.29 

Two community types were identified within the project area. The first community was classified as 
Piedmont/Mountain Bottomland Forest. This community is located in the southeastern portion of the 
project, near Bold Hill Run Road. The dominant species observed in this community are as follows: 
Sycamore (Platanus occidentalis), Green Ash (Fraxinus pennsylvanica), Black Walnut (Juglans nigra), 
Loblolly Pine (Pinus taeda), and Winged Elm (Ulmus alata). 

F.N. 

0.74 

0.76 

0.52 

0.72 

0.68 

0.64 

EG Slope 
fVft 

0.010 

276.78 
274.73 

The second community was classified as Piedmont/Mountain Levee Forest. This community is located 
along the levee of New Light Creek and the banks of Bold Run Creek. The dominant species observed 
along the levee of New Light Creek are as follows: American Elm (Ulmus americana), Sweet Gum 
(Liquidambar styraciflua), River Birch (Betula nigra), Japanese Honeysuckle (Lonicera japonica), and 
Chinese Privet (Ligustrum sinense). The dominant species observed along the banks of Bold Run Creek 
are as follows: Sycamore, Southern magnolia (Magnolia grandijlora), Vietnamese Stilt Grass 
(Microstigium viminium), River Birch, and Black Walnut. 

Velocity 

fps 
4.74 

273.78 

270.73 

276.55 

274.93 

274.17 

271.08 

0.010 
0.005 

4.63 

3.59 

0.009 

0.008 

5.06 

4.74 
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4.0 REFERENCE STREAMS 

A reference reach is a channel with a stable dimension, pattern, and profile within particular valley 
morphology. The reference reach is used to develop dimensionless morphological ratios (based on 
bankfull stage) that can be extrapolated to disturbed/unstable streams to restore a stream of the same type 
and disposition as the reference stream (Rosgen, 1998). 

An upstream reach of Richland Creek located on the west side of the Town of Wake Forest was selected 
to serve as a reference reach for the restoration of Bold Run Creek. Richland Creek flows south fiom its 
headwaters in Franklin County towards its confluence with the Neuse River (Figure 11. Reference Site 
Vicinity Map). It drains approximately 4.8 square miles of low-density residential, agriculture, and 
forested lands. This selection was based on: location in the same hydrophysiographic province, similar 
valley morphology, and similar sediment regime as the project site. Both streams are found in the 
northern outer Piedmont ecoregion where local topography is relatively consistent with each other. 

Approximately 400 linear feet of Richland Creek were surveyed in August 2004 and re-evaluated in 
August 2005 (Appendix H contains supporting documentation from the field assessment). This reach of 
Richland Creek was classified as a "C4" channel type. The dimensionless hydraulic geometry 
relationships were developed fiom stable channel dimensions to facilitate the design of the proposed 
channel cross-sections for the Bold Run Creek restoration reach. 

4.1 Watershed Characterization 

Richland Creek is situated within the northeastern portion of the Piedmont physiographic province, which 
is typified by rolling topography with broad ridges, sharply indented stream valleys, and narrow, low- 
gradient floodplains. The Richland Creek watershed (USGS 14-digit Hydrologic Unit 03020201070060) 
is located within sub-basin 03-04-02 of the Neuse River Basin. The headwaters of the Richland Creek 
form to the west and south of Youngsville, North Carolina. The watershed extends south-southwest to a 
point approximately 1.5 miles downstream of the Falls Reservoir Dam where Richland Creek joins the 
Neuse River. 

The portion of Richland Creek evaluated for the reference survey is located between the FranklinIWake 
County Line and Harris Road in Wake Forest, North Carolina. Capital Boulevard (US 1) roughly bounds 
the watershed to the west and the Seaboard Coast Railroad Line bounds it to the east (Figure 12. 
Reference Site Watershed Map). The topographic relief within the project reach is approximately 25 feet, 
ranging from approximately 282 feet above mean sea level (AMSL) at the upstream limits of Section 1 to 
257 feet AMSL at the downstream limits at the Stadium Drive Bridge. 

4.2 Channel Classification 

Richland Creek is classified as a "C4" stream type. The majority of the cross-section calculations contain 
an entrenchment ratio greater than 2.2, for a "C" or "E" with a width to depth ratio slightly greater 12. 



- Figure 11. Reference Site Vicinity Map - 
Reference Reach on Richland Creek 

8 

1:12,000 I 



- Figure 12. Reference Site Watershed Map - 
/\/ Reference Reach - - ,"' 

Reference Site Watershed 

14-digit HUC 03020201070060 
*+. 

1:30,000 
1 inch equals 2,500 fieet I 



Final Restoration Plan Bold Run Creek Stream/J?3uffer Restoration 

4.3 Discharge (Bankfull, Trends) 

Following the field assessment, three methods were used to verify the bankfull stage at Richland Creek. 
These methods included regional hydraulic geometry relationships (regional curves), a pressure 
transducer / data logger combination gauge that monitored actual water level in Richland Creek 
throughout the study period, and a hydrologykydraulics model (HEC-RAS) to evaluate flow and validate 
field calls. 

Regional curves and corresponding equations from "Bankfull Hydraulic Geometry Relationships for 
North Carolina Streams" (Harman et al., 1999) were used to approximate bankfull in the project reach. 
Based on the regional curves, a bankfull discharge and cross-sectional area of 270 ft3/s and 70 ff would 
be anticipated at the Richland Creek Reference Reach. 

Stream stage data (water levels) were collected downstream of the Richland Creek Reference Reach. 
Data was collected for five months and water levels were correlated to an estimated discharge using a 
rating curve generated for the gauged section. Three significant flow events occurred during the 
monitoring period. Richland Creek in the vicinity of the gauge discharged 309, 185, and 155 f?/s for 
each of these events, respectively. This corresponded to a maximum discharge of approximately 210 - 
220 ft3/s in the reference reach. 

The hydrologykydraulics model provided a water surface profile and cross-sectional depiction based on 
the sections surveyed during the reference reach assessment. This method provided a further means to 
validate the discharge approximated in the reference reach section, as well as verify the field-call bankfull 
stage. 

4.4 Channel Morphology (Pattern, Dimension, Profde) 

A Rosgen Level III assessment was conducted to gather existing stream dimension, pattern, and profile 
data and determine the potential for restoration. Channel cross-sections and bed materials were surveyed 
at five representative locations along Richland Creek. Data developed from these surveys are provided in 
Appendix H. 

4.5 Vegetation 

A field survey was conducted to identify and document the dominant plant communities in the project 
area. Several distinct community mosaics were recognized, and complete species lists with dominance 
were compiled. These lists were utilized to best fit the communities described in the Classification of 
Natural Communities of North Carolina (Schafale & Weakley, 1990). The natural community in the 
reference area was the Piedmont Levee Forest. Piedmont Levee Forests are prevalent along the active 
levee position of Richland Creek. Woody species of the canopy include Fraxinus pennsylvanica (green 
ash), Platanus occidentalis (sycamore), Betula nigra (river birch), Liquidambar styraciflua (sweet gum), 
Acer negundo (boxelder), and Juglans nigra (black walnut). Species in the overstory dominate those in 
the understory. 
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5.0 PROJECT SITE RESTORATION PLAN 

5.1 Restoration Project Goals and Objectives 

Based on the existing and reference condition descriptions, the restoration goals and objectives for the 
Bold Run Creek StreamBuffer Restoration project are as follows: 

Restoration Goals: 
Restore a stable channel morphology that is capable of moving the flows and sediment provided by 
its watershed; 
Improve water quality and reduce land and riparian vegetation loss resulting from lateral erosion and 
bed degradation through the establishment of bank and riparian vegetation and, 
Enhance aquatic and terrestrial habitat through the improvements to the stream water quality 
(improved oxygen content, reduced sediment and nutrients, variable stream bed features). 
Improve water quality through approximately 27.1 acres of buffer restoration throughout the project 
site. 

Restoration Objectives: 
Project success will be assessed utilizing measurements of stream dimension, pattern, and profile, site 
photographs, and vegetation sampling. These measurements should show little or no change from the 
as-built conditions. 
A stable channel is able to move the sediment supplied by its watershed without the channel 
aggrading or degrading. Through stream monitoring the stability of the restored stream will be 
evaluated. 
Riparian vegetation must meet a minimum survival success rate of 320 stemslacre after five years. 

5.1.1 Designed Channel Classification 

The restoration design of Bold Run Creek will be restored to a Rosgen stream type "C4" and is based on 
Priority Level I1 and IV approaches, as described in "A Geomorphological Approach to Restoration of 
Incised Rivers", (Rosgen, 1997.) For clarity and convenience, definitions of the four restoration priorities 
are provided in Table 6. 

The design proposes constructing 1,629 linear feet of meandering channel using a Priority Level I1 and IV 
approach. Approximately 1,453.7 linear feet of Level I1 and 175.6 linear feet of Level IV will be 
restored. The Level I1 restoration will establish a bankfull channel with a new floodplain, a channel bed at 
its existing level in an existing gravel layer, and the cross section dimensions necessary to provide stable 
flow maintenance and sediment transport. The Level IV design proposes to stabilize the bed and banks 
while maintaining the existing channel pattern (planform) (Figure 13. Proposed Planform). The design 
bankhll stage will equal the floodplain elevation in the new channel (bank height ratio = 1.0). The 
establishment of a stable bedform (i.e., riffle-pool sequence, pool spacing) will be addressed in the 
profiling of the design channel. The proposed stream dimension, pattern, and profile will be based on the 
detailed morphological criteria and hydraulic geometry relationships developed from the reference 
streams, see Table 7. Refer to the attached plan sheet drawings. 

In-stream structures will be incorporated to reduce the burden of energy dissipation on the channel 
geometry. Cross Vanes and Rock Sill Grade Controls (Refer to Plan Sheet 2) will be used to stabilize the 
restored channel. These structures are designed to reduce bank erosion and the influence of secondary 
circulation in the near-bank region of stream bends. The structures hrther promote efficient sediment 
transport and producelenhance in-stream habitat. Coir fiber matting will be used to provide temporary 
stabilization on the newly graded streambanks. The confluence of tributaries with the restored stream will 
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be stabilized with grade control structures where necessary to match the proposed grade of the restored 
main channel (Refer to Plan Sheet 4 where UT1 joins Bold Run). 

The restoration project will also include other non-stream related components: 
Cattle exclusion fencing will be installed along the outer boundary of the restored riparian buffers and 
a permanent conservation easement will be recorded to protect the site in perpetuity. 
Two stabilized riffle grade control crossings will be installed to provide access to the utility power 
lines located on the project site. 
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Table 6. Priority Leve -- - 

I Description 
Priority 1 
Convert G andor F stream 
types to C or E at previous 
elevation with floodplain. 

1 ' Prioritv 2 
, Convert F and/or G stream 
types to C or E. 
Reestablishment of 

1 floodplain at existing level 
or higher, but not at original 
level. 

Prioritv 3 
Convert to a new stream 
type without an active 
floodplain, but containing a 
floodprone area Convert G 
to B stream type, or F to 
Bc. 

Prloritv 4 
Stabilize channel in place. 

I 
Source: Rosgen, 1997, "A Geomo 

3f  Incised River Restor: 
- -- - -- 

Methods 

Reestablish channel on 
previous floodplain using 
relic channel or construction 
of new b&11 discharge 
channel. Design new 
channel for dimension, 
pattern, and profile 
characteristic of stable form. 
Fill in existing incised 
channel or with 
discontinuous oxbow lakes 
level with new floodplain 
elevation. 

Lf belt width provides for the 
minimum meander width 
ratio for C or E stream types, 
wnstruct channel in bed of 
existing channel, convert 
existing bed to new 
floodplain. If belt width is 
too narrow, excavate 
streambank walls. End-haul 
material or place in 
streambed to raise bed 
elevation and create new 
floodplain in the deposition. 

Excavation of channel to 
change stream type involves 
establishing proper 
dimension, pattern, and 
profile. To convert a G to B 
stream involves an increase 
in widwdepth and 
entrenchment ratio, shaping 
upper slopes and stabilizing 
both bed and banks. A 
conversion from F to Bc 
stream type involves a 
decrease in widthldepth ratio 
and an increase in 
entrenchment ratio. 

A long list of stabilization 
materials and methods have 
been used to decrease 
streambed and streambank 
erosion, including concrete, 
gabions, boulders, and 
bioengineering methods. 

ological Approach to Restoration 

ion - . - - . . - .  - - -  
Advantages 

Re-establishment of 
floodplain and stable 
channel: 
1) reduces bank height and 
streambank erosion, 
2) reduces land loss, 
3) raises water table, 
4) decreases sediment, 
5) improves aquatic and 
terrestrial habitats, 
6) improves land 
productivity, and 
7) improves aesthetics. 

1) Decreases bank height and 
streambank erosion, 
2) Allows for riparian 
vegetation to help stabilize 
banks, 
3) Establishes floodplain to 
help take stress off of 
channel during flood, 
4) Improves aquatic habitat, 
5) Prevents widescale 
flooding of original land 
surface, 
6) Reduces sediment, 
7) Downstream grade 
transition for grade control is 
easier. 

1) Reduces the amount of 
land needed to return the 
river to a stable form. 
2) Developments next to 
river need not be relocated 
due to flooding potential. 
3) Decreases flood stage for 
same magnitude flood. 
4) Improves aquatic habitat. 

1) Excavation volumes are 
reduced. 
2) Land needed for 
restoration is minimal. 

Incised Rivers". 

Disadvantages 

1) Floodplain re- 
establishment could cause 
flood damage to urban, 
agricultural, and industrial 
development. 
2) Downstream end of 
project wuld require grade 
control from new to previous 
channel to prevent head- 
cutting. 

1) Does not raise water table 
back to previous elevation. 
2) Shear stress and velocity 
higher during flood due to 
narrower floodplain. 
3) Upper banks need to be 
sloped and stabilized to 
reduce erosion during flood. 

1) High cost of materials for 
bed and streambank 
stabilization. 
2) Does not create the 
diversity of aquatic habitat. 
3) Does not raise water table 
to previous levels. 

1) High cost for stabilization. 
2) High risk due to excessive 
shear stress and velocity. 
3) Limited aquatic habitat 
depending on nature of 
stabilization methods used. 
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Variables 

* This value is influenced by the level of incision of Bold Run Creek before its confluence with New Light Creek. 
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5.2 Natural Plant Community Restoration 

Restoring natural vegetation will focus primarily on the buffer restoration areas and Bold Run Creek 
floodplain areas. These areas will receive species consistent with a Piedmont Levee Forest and Piedmont 
Bottomland Forest community. The typical Piedmont Levee Forest is seasonally to intermittently 
flooded. The vegetation may consist of mature climax forest, or may be in various stages of primary or 
secondary succession (Schafale and Weakley 1990). The typical Piedmont Bottomland Hardwood 
community is flooded at least occasionally. Bottomland Forests are believed to form a stable climax forest 
with uneven-aged canopy with primarily gap phase regeneration (Schafale and Weakley 1990). 

5.2.1 Target Buffer Communities 

The Neuse River Buffer Rule (15A NCAC 2B .0233) applies to 50-foot (15.24 m) wide buffers directly 
adjacent to surface waters in the Neuse River Basin (intermittent streams, perennial streams, lakes, ponds, 
and estuaries), excluding wetlands. The Neuse River Buffer Rules (NBR) is administered by the 
NCDWQ. The purpose of this rule is to protect and preserve existing riparian buffers in the Neuse River 
Basin and to maintain their nutrient removal functions. This rule is applicable to all streams identified on 
either the most recent local county soil survey or the most recent USGS topographic map. If stream 
features are not present on either map, the area is not subject to the rule, even if a stream is present. 

The Neuse Riparian Buffer Rules were enacted to protect and preserve existing riparian buffers to 
maintain their hnction for protection of water quality (NCDWQ, 2002). Currently, there are small 
drainage features located throughout the project site, which deliver direct runoff to Bold Run Creek To 
maintain the water quality of Bold Run Creek, an approximate 200' buffer will extend on either side of 
the features (Figure 14. Proposed Planting Plan). 

5.2.2 Planting Zones 

Two planting zones will be incorporated into the planting plan. Zone A is classified as a Levee Area; 
which runs along the levee of New Light Creek. Zone B is classified as a Bottomland Hardwood Area; 
which will border the streamside planting area along Bold Run Creek and run along the Levee area and 
the remaining portion of the site. Included in Zone A and B is a 20' streamside planting area bordering 
New Light Creek and Bold Run Creek, will also be planted with riparian vegetation. There is a small 
portion, approximately 1.30 acres, in the middle of Zone B that was classified during the field 
investigation with wetter soils (Chewacla) (Refer to Figure 5). This particular area will be planted with 
tolerable, higher moisture Bottomland Hardwood species. The planting plan in Figure 14 illustrates the 
two zones that will be used to target restoration vegetation. 

5.2.3 Plant Sources 

Field assessment observations, Guidelines for Riparian Buffer Restoration (NC Department of 
Environment and Natural Resources Ecosystems Enhancement Program 2004), and community 
descriptions from Classification of the Natural Communities of North Carolina (Schafale and Weakley 
1990) were all used to develop the species to be planted on the site. 

5.2.4 Plant Care and Installation 

All hardwood species on site will be planted using bare root plants. Four hundred thirty-six (436) trees 
per acre (based on an average 10' x 10' spacing) will be planted in rows to achieve a mature survivability 
of three hundred twenty (320) trees per acre in the riparian zone (NCDENR, 2001). 
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5.2.5 Plant List 

The Bold Run Creek floodplainllevee in the project reach is predominantly forested with hardwood 
species (Refer to Section 3.5). Plantings shall consist of native species, which are available during the 
time of planting. The Bottomland Hardwood area will be vegetated with native woody and herbaceous 
plant materials. In general, the two planting zones will consist of the following species groupings: 

Zone A: Levee Area 
Black Walnut Juglans nigra FACU 
Willow Oak Quercus phellos FACW- 
Overcup Oak Quercus lyrata FACW 
Slippery Elm Ulmus rubra FAC 

Streamside 
River Birch Betula nigra FACW 
Boxelder Acer negundo FACW 
American Sycamore Platanus occidentalis FACW- 

Zone B: Bottomland Hardwood Area 
Tulip Poplar Liriodendron tulipifera FACW- 
Cherrybark Oak Quercus pagoda FAC+ 
Willow Oak Quercus phellos FACW- 
Swamp Chestnut Oak Quercus michauxii FACW- 

High Moisture Area 
Green Ash Fraxinus pennsylvanica FAC W 
American Elm Ulmus Americana FACW 
Silky Dogwood Cornus amomum FACW 

Herbaceous vegetation shall consist of a native grass mix that may include: 
Blues tem Andropogon glomeratus 
Deertongue Panicum clandestinum 
Orchardgrass Dactylis glomerata 
Switchgrass Panicum virgatum 
Virginia wildrye Elymus virginicus 

Rye grain (Secale cereale) and/or brown top millet (Pennisetum glaucum) will be used for temporary 
stabilization. 

In addition to the native seed mix and stabilization seeding, live stakes shall be installed to assist in 
stabilizing the stream banks. The following species may be used for live staking: 

Black Willow Salix nigra 
Elderberry Sambucus canadensis 
Silky Willow Salix sericea 
Silky Dogwood Cornus amomum 
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5.2.6 Schedule 

Woody vegetation planting will take place during the dormant season. 

5.2.7 Site Preparation and Stabilization 

The stream restoration project will generally utilize the same belt width as the existing channel, however 
some areas will require clearing to achieve the appropriate pattern outlined in the design criteria. The 
cleared areas will be re-vegetated with native woody and herbaceous plant materials. Following the re- 
vegetation, riparian buffers associated with the Bold Run Creek restoration will extend between fifty (50) 
to two hundred (200) feet on both sides of the stream. 

The trees targeted for removal will be treated with herbicide in late summer when the trees have leafed 
out entirely or in the winter once the sap has stopped flowing. A glyphosate herbicide will be applied at 
this time. The trees will be left either downed or standing to provide habitat for terrestrial species. 

5.2.8 Maintenance 

A pre-emergent herbicide will be sprayed in mid-March following the planting of the bare root seedlings 
to control the herbaceous vegetation. This allows time for rainfall to settle the soil around the roots of the 
seedlings, newly planted during the dormant season, but before the buds begin to swell in the spring. 
Reducing competition from herbaceous vegetation is an important step to ensure maximum survivability 
of the planted seedlings. 

Correspondingly, nurturing the site with regular management activities is considered necessary to ensure 
that the goals and objectives of the project are met. These activities will be conducted throughout the 
year. If the monitoring identifies failures in the project site, a remedial action plan will be developed to 
investigate the causes of the failure and propose actions to rectify the problem. 

5.2.9 On-site Invasive Species Management 

Part of the regular management activities will include invasive species control for the project site. 
Invasive species control will primarily focus on removing the existing invasive species, Chinese privet 
(Ligustrum sinense) and Vietnamese Stilt Grass (Microstigium viminium). It is recommended that a 
glyphosate herbicide with a 2 to 3-percent solution be used as a foliar spray (Miller, 2004). The 
herbicidal treatment will be conducted during late summer, early fall. Herbicidal treatments will be 
conducted yearly if needed. 

5.3 Sediment Transport Analysis 

A stable channel is able to move the sediment supplied by its watershed without aggrading or degrading. 
This ability is evaluated through two parameters: competency and capacity. Competency is the channel's 
ability to move particles of a certain size, expressed as units of Pascals (Pa) or lbslft2. Capacity is the 
channel's ability to move a specific volume of sediment (sediment discharge). Sediment discharge is the 
amount of sediment moving through a cross section over a specified period of time, expressed in 
dimensionless parameters or as mass or weight units of kglsec or lbslsec. 

The flow associated with the threshold movement of the streambed is the reference condition that all 
sediment transport models are based upon. In natural streambeds there are particles of a wide range of 
sizes. At low, but significant flow levels, the smallest particles will move, while the larger particles resist 
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the flow of the stream. This is the condition of partial sediment transport. As the stream flow increases, 
eventually every particle on the streambed will show threshold movement, this is the condition of full 
sediment transport. 

There is a wide range of sand-gravel streams that have the flow conditions necessary to significantly 
move particles greater than the DSo, but do not reach the full sediment transport condition. This condition 
is present in Bold Run Creek, and the model used for the sediment transport analysis was Wilcock-Crowe 
(2003). The Wilcock-Crowe model is a "sediment capacity" model; however, it also contains an 
entrainment predictor. 

Entrainment is the condition that initiates the movement of a selected particle size in the presence of a 
mix grade channel bed. If the largest particle that moves during a bankfull event can be identified, then 
the flow conditions that produced this movement can be determined and this flow condition (the channel 
competency) is used in the design of the restored stream channel. 

In basic terms, given the bed surface grain-size distribution and the bed shear velocity, the Wilcock- 
Crowe Surface-Based Transport Model (SBTM) calculates the bedload transport rate and the bedload 
grain-size distribution. Using a hydraulics model, one can predict the shear velocity and discharge 
characteristics that will provide the necessary sediment transport capacity. By making the sediment 
transport and discharge dimensionless, this analysis can be scaled to another stream channel, separate 
from the reference reach, that has a similar sediment distribution. In this case, it was applied to the Bold 
Run Creek design section. 

In the Richland Creek Reference Reach, the approximate bankfull depth was 3.7 feet (1.1 m). The shear 
velocity (u*) associated with this discharge based on the hydraulics model was 0.17 meters per second 
(ds ) .  This shear velocity corresponded to a dimensionless sediment transport rate (qT*) of 2.5E-05. A 
q ~ *  value of 2.5E-05 intersects with a dimensionless water discharge (qw*) of approximately 750 for the 
Bold Run Creek design slope (0.007) on the Bold Run River State Diagram (Figure 15). The proposed 
design channel will discharge approximately 92 &Is over the area subject to bedload transport with a u* = 
0.14 d s .  The water discharge (qw) for this event based on the Manning-Strickler Resistance Equation is 
1.25, which correlates to a qw* value of 595 (A = 20.7%). This is based on a dbso (median diameter of the 
bedload) value of approximately 6.5 millimeters. 

Where: s is the specific gravity of sediment, g is the gravitational constant, and all other variables are as 
defined above. Refer to Figure 15. Bold Run Creek River State Diagram. 
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Appendix A 
Historic Aerial Photographs 



Historical Aerial Photograph - 1949

Not Drawn toK C I Specific Scale
ASSOCIATES OF

Source: USDA Natural Resource Service
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Environmental Screening Inspection (ESI) - Photograph Documentation 

Photograph 1. View h m  the East on Bold 
Hill Run Road looking at the northern portion 
of the subject property. The land is used for 
cattldpasture. 

Photograph 3. View h m  the East on Bold 
Hill Run Road looking at the southwestern 
portion of the subject property. The land is 
used for cattldpasture. 

Photograph 2. View fiom the East on Bold 
Hill Run Road looking at the western portion of 
the subject property. The land is used for 
cattlelpasture. 

Photograph 4. View looking west at the 
power line easement. 



Photograph 5. View h m  the western portion 
of the subject property looking east. Adjacent 
praperty to the east is residential. 

Photograph 7. View looking east, upstream at 
Bold Run Creek. 

T, ,f; $?:;y@gQ , - 
4- 4. . ,.* ,. .\ :-x : ; ...*.* . 

. . . . 3: I . .  .:a 

Photograph 6. View looking east on the right 
bank side of Bold Run Creek. 

Photograph 8. View lookmg north along the 
ditch in the center of the site 















Photograph 5. View the westernportion
of the subject property east. Adjacent
property to the east is residential.

Photograph 6. View east on the right
bank side of Bold Run Creek.

Photograph 7. View looking east, upstream at
Bold Run Creek.

Photograph 8. View looking north along the
ditch in the center of the site



Bold Run Creek Photograph Log

Photograph L View the East on Bold
Hill Run Road at the portion
of the subject property. The land is used for
cattlelpasture.

Photograph 3. View the East on Bold
Hill Run Road at the southwest portion
of the subject property. The land is used for
cattlelpasture.

Photograph 2. View the East on Bold 
HillRun Road at the western portion of
the subject property. The land is used for
cattlelpasture.

Photograph 4. View the East on Bold
Hill Run Road looking at the southern portion
of the subject property. The land is used for
cattlelpasture.
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Appendix H 
Reference Reach Data 



Dralna~e Area (ag mi) 4.8 
Bankfull Width (W W) (fl) 2E-32 
Bankfull Mean Depth (dm) (fl) 2.52.4 
Bankfull Cross Sectional area 

ON& (fl) 
Entrenchment Ratio (ER) > 3.0 
water Surface Slope (S) (RIR) 0.004 
Sinuosity (s!mam 

",-"- 
Run depthld~ 1 .O-1 .I 
Pool lengthmenldull width 0.2-0.9 
Pod to pool spadnghankfuli 0.83.0 





. Creek
Reference Site



Creek
Site

9 measured (mm)
84.0 relative roughness 13.8 factor

0.022 n channel material
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Appendix I 
Sediment Transport 
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