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EXECUTIVE SUMMARY

The North Carolina Ecosystem Enhancement Program (NCEEP) intends to utilize the Bold Run Creek
Site for a stream and buffer restoration project. This restoration plan presents detailed information
regarding the existing site and watershed conditions, the morphological design criteria developed from a
selected reference reach, and the project design parameters based upon natural channel restoration
methodologies.

The project site is part of a 31-acre parcel owned by NCEEP formerly owned by Mr. Douglas Darch. It is
located 5 miles northwest of the Town of Wake Forest on Bold Hill Run Road, approximately 1.5 miles
east of the intersection with Mangum Dairy Road in Wake County, North Carolina. The property is an
active pasture for cattle grazing. The primary land use on the property is rangeland. Bold Run Creek is a
second order (becomes third order at the confluence with New Light Creek) perennial stream that flows
southwest through the subject property before joining New Light Creek. The project site is within the
Neuse 01 watershed cataloging unit (8-digit HUC: 03020201), in a portion of the NCDWQ Priority Sub-
basin 03-04-08. The NCEEP identifies this HUC as a Targeted Local Watershed.

Based on the following existing and reference condition descriptions, the restoration goals and objectives
for the Bold Run Creek Stream/Buffer 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 stems/acre after five years.

The design proposes constructing 1,629 linear feet of meandering channel based on Priority Level II and
IV approaches (Table 1). Approximately 1,453.7 linear feet of Level II and 175.6 linear feet of Level IV
will be restored. The Level II 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 Bold Run Creek will be restored to Rosgen
stream type C4. 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. 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.
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Table 1. Project Restoration Structure and Objectives

Bold Run Creek Stream/Buffer Restoration

Existing | Designed
. A Linear | Linear
Station Range Restoration | - Priority Footage | Footage | Comment

Type Approach or or

Acreage | Acreage

1,600 1,453.7

(12.75)-(27.60) Stream Priority II Total Linear
Length Feet

1,600 175.6

(11.00)-(12.75) Stream Priority IV | Total Linear
Length Feet

Buffer 27.1Acres
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1.0 PROJECT SITE IDENTIFICATION AND LOCATION

The North Carolina Ecosystem Enhancement Program (NCEEP) intends to utilize the Bold Run Creek
Site for a stream and buffer restoration project. This restoration plan presents detailed information
regarding the existing site and watershed conditions, the morphological design criteria developed from a
selected reference reach, and the project design parameters based upon natural channel restoration
methodologies.

1.1 Directions to Project Site

The project site is part of a 31-acre parcel owned by NCEEP formerly owned by Mr. Douglas Darch. It is
located 5 miles northwest of the Town of Wake Forest on Bold Hill Run Road, approximately 1.5 miles
east of the intersection with Mangum Dairy Road in Wake County, North Carolina. The site is situated
southwest of Bold Hill Run Road and south from the Granville/Wake County Line (Figure 1. Project Site
Vicinity Map).

1.2 USGS Hydrologic Unit Code and NCDWQ River Basin Designations

Bold Run Creek is a second order (becomes third order at the confluence with New Light Creek)
perennial stream that flows southwest through the subject property before joining New Light Creek.

The project site is situated within the Neuse 01 watershed cataloging unit (8-digit HUC: 03020201) and
the 03020201065010 Local Watershed Unit (14-digit HUC). It also falls within the NCDWQ Subbasin
03-04-08. The NCEEP identifies this HUC as a Targeted Local Watershed. Targeted local watersheds are
those that exhibit the need and opportunity for stream and riparian buffer restoration. The results benefit
water quality, aquatic habitat and other vital watershed functions (NCEEP, 2002)

2.0 WATERSHED CHARACTERIZATION

The project site is located in a rural setting within the Northern Outer Piedmont ecoregion of the
Piedmont physiographic province (Figure 2. North Carolina Ecoregions Map). Site topography is
characterized as gently rolling hills with elevations ranging from 270 feet above mean sea level (AMSL)
to 320 feet AMSL.

2.1 Drainage Area

The project watershed containing the study area, as seen in Figure 3 (Project Site Watershed Map), drains
approximately 12 square miles (7,650 acres) and occupies the southwest corner of the headwaters of the
Falls Lake Drainage area. The project watershed, which includes Bold Run Creek and New Light Creek,
is located west off of US Highway 1 on the Wake and Granville County Line, with the majority of the
watershed in Granville County.

2.2 Surface Water Classification/Water Quality

For the water resources classification, New Light Creek, as the receiving waters, was used to characterize
Bold Run Creek.
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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.

e  WS-IV waters are used as sources of drinkable water, which are also protected for Class C uses. WS-
TV 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).

e (lass 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.
24 Historical Land Use and Development Trends

24.1 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 1981, the subject property appears to be reforested in the north section.



Soil Series
EDAfA - Altavista Fine Sandy Loam, 0 To 4 Percent Slopes
9 AsC2 - Appling Fine Sandy Loam, 6 To 10 Percent Slopes, Eroded
B AgB?2 - Appling Gravelly Sandy Loam, 2 To 6 Percent Slopes, Eroded
Bl AgC2 - Appling Gravelly Sandy Loam, 6 To 10 Percent Slopes, Eroded
B Au - Augusta Fine Sandy Loam
EECIE3 - Cecil Clay Loam, 10 To 20 Percent Slopes, Severely Eroded
B CeB2 - Cecil Clay Loam, 2 To 6 Percent Slopes, Eroded
b B CeC2 - Cecil Clay Loam, 6 To 10 Percent Slopes, Eroded
- ] EECIC3 - Cecil Clay Loam, 6 To 10 Percent Slopes, Severely Eroded
B CeD - Cecil Sandy Loam, 10 To 15 Percent Slopes
@8 CeB2 - Cecil Sandy Loam, 2 To 6 Percent Slopes, Eroded
B CeC2 - Cecil Sandy Loam, 6 To 10 Percent Slopes, Eroded
B8 Cm - Chewacla Soils
B MdD?2 - Madison Sandy Loam, 10 To 15 Percent Slopes, Eroded
B8 MJE2 - Madison Sandy Loam, 15 To 25 Percent Slopes, Eroded
B MdJB2 - Madison Sandy Loam, 2 To 6 Percent Slopes, Eroded
EIMAC2 - Madison Sandy Loam, 6 To 10 Percent Slopes, Eroded
EmPaE - Pacolet Sandy Loam, 10 To 25 Percent Slopes
B WmE - Wedowee Sandy Loam, 15 To 25 Percent Slopes
I Wo - Wehadkee And Bibb Soils
EIWn - Wehadkee Silt Loam
B WwE - Wilkes Soils, 10 To 20 Percent Slopes (WwE)
B WwF - Wilkes Soils, 20 To 45 Percent Slopes

Figure 4. Project Site NRCS Soils Survey Map

stem

/\/ Streams :

AfA

e e
s
e
55 T T . Project Site Boundary
N e
Ceme——"

C LL()

s ement
1:3,600 T‘ROFPIM
1 inch equals 300 feet
ASSOCIATES OF NC 300 150 0 %0
Source: Wake County Soil Survey Feet




I
:
®|
®|
..
|

B Chewacla

Il Chewacla Variant

B Chewacla-Riverview
1:3,000
1 inch equals 250 feet

Image Source: Wake County GIS, 125 g

Digital Orthophotography 1999

osystem
I ﬁﬁn%cmcnl

PROGRAM




|
00C000000000000C00C0C0CCOOOOOOOOOOOOOOOOOONONSBOTNTS

Project Site

wey @ | Figure 6. Land Use and Land Cover Map
) it s om—
__ Land Use and Land Cover (Anderson 1) D Project Watershed N—

. E :z:‘::"" UpLanid Project Site Boundary r’
sl | B rosciens - -

B Forest Land " . 4 Stem
K ( — bl 'Q I'n l;llsr)/'{‘lllt'11
]:36_‘0["3 PROGRAM
. I oo Land I inch equals 3,000 feet
ASbOCIAT-ES OF NC Source: North Carolina GAP Land Cover Dataset 3,000 1500 [ 3,000
Published 2003 e

i




Figure 7. National Wetland Inventory Map

- Palustrine Emergent Persistent Semipermanently Flooded (PEM1F)

- Palustrine Forested Broad-leaved Deciduous Temporarily Flooded (PFO1A)

- Palustrine Forested Broad-leaved Deciduous Seasonally Flooded (PFOIC)

- Palustrine Unconsolidated Bottom, Permanenetly Flooded Diked/Impounded (PUBHh)
I Project Site Boundary 1:6,000

1 inch equals 500 feet

SOURCE: Wake County GIS, 250 0
Digital Orthophotography 1999

&>

=

B

Stem
ement

PROGRAM




Final Restoration Plan Bold Run Creek Stream/Buffer Restoration

2.8 Potential Constraints

The presence of conditions or characteristics that have the potential to hinder restoration activities on the
project site were evaluated. Existing information regarding project site constraints was acquired and
reviewed. In addition, any site conditions that have the potential to restrict the restoration design and

implementation were documented during the field investigation.

Table 2 summarizes the identified

constraints related to the implementation of site restoration activities.

Table 2. Summary of Design Constraints

Fatal Flaw/Constraint Nature of Constraint Proposed Resolution
Current Land Use (Specify) Pasture (livestock grazing) Exclusion fencing as necessary
Forest, Agriculture, Low-
Adjacent Property Land Use Density Residential
Development

Deed Restrictions/Easements

Utility easement crosses project
site

The stream has been relocated to
minimize the impacts of the power
lines on the stream/buffer restoration.

Project Constructibility/Access

None

Utility poles cross project site

Stream crossings have been proposed

Utilities to provide continued maintenance
access, post-restoration.
Structures None
State Historic Preservation
Cultural Office (Appendix B) indicated

(Historical/Archaeological)

no record of occurrences within
one-mile radius of the project
site

Rare, Threatened, and
Endangered Species

Natural Heritage Program
Findings Letter (Appendix B)
indicated no record of
occurrences within one-mile
radius of the project site

Natural Features (Soils, Bedrock outcrops in streambed | Identified bedrock incorporated into
Bedrock) and banks the design.
FEMA Regulated Area irlgject area within Zone X and No-Rise Certification

2.8.1 Hazardous Materials

The presence or likely presence of hazardous substances on the subject property and surrounding area
under conditions that indicate a past, present or potential release into the ground, groundwater, or surface
water was evaluated. The evaluation included a review of public record environmental database
information and a visual site inspection.

A report meeting ASTM E1527-00 Standards for records search requirements was obtained summarizing
existing federal and state database information regarding known environmental conditions for the subject
property and surrounding area. No conditions of environmental concern were identified on the Bold Run
Project Site or within the specified search radii.

11
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An Environmental Screening Inspection (ESI) was conducted on the subject property in June 2005. The
purpose of the ESI was to visually evaluate the presence or evidence of any recognized environmental

concerns on the study site and surrounding areas.

The ESI identified no recognized environmental

concerns that would have the potential to impact stream and buffer restoration on the project site. The
findings of the field investigation were documented on an Environmental Screening Inspection Form with
corresponding photographs (Appendix C).

2.8.2 Property Ownership and Boundary

KCI obtained copies of the property deed dating back to 1950 from the Wake County Register of Deeds
in August 2005 (Table 3). The property deeds can be found on the CD included with the Restoration

Report.
Table 3. Property Ownership History
Book | Page Grantee (Buyer) Grantor (Seller) Date
9541 | 961 [ NC Capital Group Purnell Road g:;’c%llas A. Darch and Helen C. 8/14/2002
19485 | 157 | Marvin E. Sykes, Jr. g:r“c%llas A. Darch and Helen C. 7/2/2002

8537 | 1861 John M. Rich, A. Melanie Douglas A. Darch and Helen C. 3/8/2002
Murphy Darch

8300 | 1508 | Christopher J. Marek ggﬁilas A. Darch and Helen C. 4/22/1999

8256 | 1188 | Glen A. Darch, Susan K. Darch | pOu1as A. Darch and Helen C. 2/18/1999

8169 | 1569 | NCDOT pouglas A. Darch and Helen C. 10/20/1998

8085 | 1493 W11.11a.m H. Steiner, Betty JoAnne | Douglas A. Darch and Helen C. 6/11/1998
Steiner Darch

3685 | 265 State of North Carolina, Right of | Douglas A. Darch and Helen C. 3/25/1997
Agreement Darch

6982 | 77 John Wade Stone, Shirley B. Douglas A. Darch and Helen C. 4/16/1996
Stone Darch

3015 | 568 | David C. Darch, Carrie M. Darch | Douglas A Darch and Helen C. 2128/1994

5922 {405 | C.M. Medlin Jr. gg;‘cfilas A. Darch and Helen C. 12/7/1993

5918 | 351 Lee Arnold Darch, Alison Wood | Douglas A. Darch and Helen C. 12/7/1993
Darch Darch

4701 | 923 Lee Arnold Darch, Alison Wood | Douglas A. Darch and Helen C. 5/3/1990
Darch Darch

4490 | 703 Mildred P. Davis, Geneva P. Douglas A. Darch and Helen C. 5/8/1989
Stephenson Darch

3977 | 571 | Glen A. Darch pouglas A. Darch and Helen C. 3/7/1987

3692 | 925 Jack L. Taylor, Jr., Patricia L. Douglas A. Darch and Helen C. 4/1/1986
Taylor Darch

3420 (439 | Edward Paschal, Beadie Bridges | pougi2s A- Darch and Helen C. 1/24/1985
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3420 | 434 Edward Paschal, Martha M. Douglas A. Darch and Helen C. 1/21/1985
Leonard Darch
3232 | 459 Champlop International Douglas A. Darch and Helen C. 1/30/1984
Corporation Darch
2848 | 845 | C.M. Kirk Douglas A. Darch and Helen C. 7/25/1980
Darch
. Douglas A. Darch and Helen C.
2831 |53 Richard O. Gamble Darch, Lee A. Darch, Patty C. Darch 5/27/1980
2830 |92 | David C. Darch Douglas A. Darch and Helen C. 4/10/1980
2227 | 537 | c.M.Kirk pouglas A. Darch and Helen C. 2/20/1974
2020 | 487 | Edward Paschal, P.C. Bailey Douglas A. Darch and Helen C. 9/1/1971
Donald Gulley, Central Carolina | Douglas A. Darch and Helen C.
1707 1 185 Bank and Trust Company Darch 4/1/1966
Donald Gulley, Central Carolina | Douglas A. Darch and Helen C.
1587 | 661 Bank and Trust Company Darch 2/25/1964
1368 | 145 W.W. Sledge, Durham Bank & Douglas A. Darch and Helen C. 5/21/1959
Trust Company Darch
1335 | 535 W.W. Sledge, Durham Bank & Douglas A. Darch and Helen C. 10/4/1958
Trust Company Darch
1143 | 151 W.W. Sledge, Durham Bank & Douglas A. Darch and Helen C. 2/12/1954
Trust Company Darch
1061 | 344 Dona!d Gulley, P.V. Bailey, Lena | Douglas A. Darch and Helen C. 12/8/1950
S. Bailey Darch
1061 | 332 Donald Gulley, Charles L. Douglas A. Darch and Helen C. 12/8/1950
Wheelous Darch
2.8.3 Site Access

There will be two access points to the project site. Both access points will be accessible from Bold Hill
Run Road. The first access point currently exists off of Bold Hill Run Road located on the southeastern
corner of the project site. The second access point will be established on the southeastern portion of the
project, located northwest from the first access entrance. The accessible road will be approximately (170’
x 14°) which leads directly to the right of way for access to the utility line. During construction of the
proposed stream, construction equipment will have access to the stream channel and will be able to
maneuver up and down the channel, as necessary.

2.8.4 Utilities

A power line easement (Wake Electric) transects the subject property in a southeast-northwest orientation.
The documentation for the power line easement can be found in Appendix D. Wake Electric has a 100
feet right of way along the utility line. During construction and post construction, Wake Electric will have
access to the utility poles located on the project site. Wake Electric will access the site by way of the two
existing entrances mentioned in section (2.8.3). Two stabilized riffle grade control crossings will be
installed for machinery access to the utility lines located adjacent to the stream (Refer to Plan Sheet 4).
Also no vegetation will be planted along the 100-foot utility easement and access road on the project site.
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2.8.5 FEMA/Hydrologic Trespass

Bold Run Creek is located within the 100-year floodplain (Figure 8. Project Site Floodplain Map). As
such, any modifications to the stream that would result in the increase of the 100-year flood elevation
would require a Conditional Letter of Map Revision (CLOMR). It is the intent of the restoration design
to maintain the 100-year flood elevation at the current level following restoration.

The FEMA provided an existing conditions HEC-2 model. The model parameters were reviewed to
verify that the conditions represent a benchmark hydraulic condition that can be compared to post-
restoration conditions. The existing conditions model will be revised to reflect changes to the channel
and floodplain as a result of the restoration. A proposed hydrology and hydraulics (H&H) summary will
be submitted with a letter indicating that an increase in the 100-year flood elevation is not anticipated
(No-Rise Certification).

The proposed project reach is entirely contained within the Darch property. The restoration of the project
reach is not anticipated to produce hydrologic trespass conditions on any adjacent properties.

3.0 PROJECT SITE STREAMS (EXISTING CONDITIONS)

A site field assessment was conducted in June 2005 to document existing conditions and evaluate the
potential for stream and riparian buffer restoration. Observations and collected data are summarized
below, illustrated in Figure 9 (Existing Channel or Site Conditions Map), and documented in the site
photographs (Appendix E). The site was revisited several times from June to September 2005 to take
further measurements, to install a stream gauge, and to collect hydrology data from the instruments
(Figure 10. Project Site Hydrologic Features and Gauge Locations Map).

31 General Site Description

The Bold Run Creek project reach includes approximately 1,600 linear feet of perennial stream channel.
The project reach begins at Station 11+00. Several stream bedrocks exist in the upper reach. The
upstream portion of Bold Run Creek is a “B4c” and “F4” stream type, while the downstream portion is a
“G4c” stream type. Severe bank erosion throughout the stream has resulted from poor grazing
management. Bed degradation is evident and sedimentation from bank erosion is widespread.

One tributary (UT1) and one ephemeral channel enter Bold Run Creek. UT1 is a small, intermittent reach
that joins Bold Run Creek near Station 12+00. The ephemeral channel is located near the downstream
portion of Bold Run Creek. The channel starts at the bottom of a slope and runs parallel before
connecting with Bold Run Creek at Station 23+00. The channel was ditched in the early 1960’s to
intercept runoff from the adjacent slope. Stream assessment forms were prepared for the channel; they
are included in Appendix F.

Four (4) drainage features exist on the project site. Drainage 1 connects to the left bank of Bold Run
Creek near the start of the project at Station 11+75. Drainage 2 starts at Bold Hill Run Road and directly
connects to Bold Run Creek. Drainage 3 connects to the right bank of Bold Run Creek in the middle
portion of the stream reach. Drainage 4 begins with two small drainage features beginning at the eastern
portion of the project boundary, near Bold Hill Run Road. The two drainage features connect to a larger
drainage feature in the middle of the project site, in the open field area, and runs south before connecting
to New Light Creek on the left bank.

14
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A power line easement transects the project site with four (4) utility poles. The first 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.

33 Channel 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 4. Summary of Existing Channel Morphology

LOCATION
P —_n XS-1 | XS-2 | XS-3 | XS4 | XS-5 | XS-6
Bankill Cross-Seetional Area | o0 | o040 | 253 | 252 | 202 | 2a7
Apis (sq ft)
Bankfull Width
17.8 26.5 15.7 17.2 18.3 14.8
Wi (ft)
Flood Prone Width
30.0 34.3 18.3 19.4 21.3 18.5
Wipa (ft)
Maximum Depth
1.9 2.1 1.9 1.9 1.9 23
Ambis (Ft)
Bankfull Mean Depth
1.4 0.9 1.6 1.5 1.3 1.7
Dy (ft)
W/D ratio
12.6 29.1 9.7 11.7 13.8 8.8
Whig dpis
Entrenchment Ratio 1.7 1.3 1.2 1.1 1.2 1.3
Bank Height Ratio 1.7 2.1 2.6 2.4 2:5 2.6
Local W. S. Slope (ft/ft) 0.007 | 0.007 | 0.007 | 0.007 | 0.007 | 0.007
Stream Type B4c F4 G4c Gdc F4 Géc
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34 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.

35 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 transducer/data logger combination gauge that monitored actual
water level in Bold Run Creek throughout the study period, and a hydrology/hydraulics 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 ft*/s and 25 ft* 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 ft*/s on October 8™. KCI 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 from the model is provided below (Table 5).

Table 5. HEC-RAS Hydrologic Variables

Station | Profile| Q | Bed Elev. | WS Elev. | EG Elev. | EG Slope | Velocity | Area |Width] F.N.
Units cfs | ft AMSL | ft AMSL | fit AMSL fi/ft fps sf ft
XS1 | BKF [120.0] 275.46 277.60 277.95 0.010 474 |25.34] 199 |0.74
XS2 | BKF |120.0] 274.80 276.78 276.55 0.010 4.63 [25.89]22.69]0.76
XS3 | BKF [120.0] 272.34 274.73 274.93 0.005 3.59 133.46]22.94[0.52
XS4 | BKF |120.0] 271.53 273.78 27417 0.009 5.06 | 23.8 115.74]0.72
XS5 | BKF |120.0] 268.29 270.73 271.08 0.008 4.74 | 25.3 116.9610.68
XS6 | BKF [120.0f 267.11 269.32 268.86 0.007 4.65 [25.81]15.83]0.64

3.6 Vegetation

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.

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.

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).

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
(Liguidambar 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 grandiflora), Vietnamese Stilt Grass
(Microstigium viminium), River Birch, and Black Walnut.
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4.0 REFERENCE STREAMS

A reference reach is a channel with a stable dimension, pattern, and profile within particular valley
motphology. 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 from 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 from 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 Franklin/Wake
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.

21



\

\\ - ~
) AN
{y ™=

Wake County, North Carolina L~

1
St D

HR\:

NG )\

@R =
© k S/

D) e
e i( o -

\ /_ > il )
- = 7 /
\\:"\\ Ny / g
3 L / r‘
| P f it
/"’7-:9*-:?- 1 * A /
/ 5 ¢ s S
L]
' S r -
=4 :
3 &
¢ »

Figure 11. Reference Site Vicinity Map

O Reference Reach on Richland Creek N

[ < 1:12,000
1 inch equals 1,000 feet
500 0

ASSOCIATES OF NC Source: USGS Topographic Quadrang[es 1,000

Grissom and Franklint.

>

hcosystem




t

1CT1

0

C

stem

it

FROGRAM

Yy
f
¢

.ll
g —
bt
-
P,
3
S
5)
o
o
154
&
=
S
i
s S
S »n
- ,O,.MO
z " =
— O
=
)
g =
-— N
N
=
(=3
(=4
‘e
o

te Watershed

i

Reference Site Watershed Map

t HUC 03020201070060

12,
digi

igure
1 Reference S
14-di

Source: Franklin County DRG

s Yo
F
meend-essss— | /\/ Reference Reach

NC

F

ASSOCIATES O




Final Restoration Plan Bold Run Creek Stream/Buffer 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 hydrology/hydraulics 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 ft'/s and 70 ft* 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 ft'/s for
each of these events, respectively. This corresponded to a maximum discharge of approximately 210 —
220 ft’/s in the reference reach.

The hydrology/hydraulics 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.

44 Channel Morphology (Pattern, Dimension, 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 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 Stream/Buffer 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).

» TImprove 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 stems/acre 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 II 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 I and IV
approach. Approximately 1,453.7 linear feet of Level Il and 175.6 linear feet of Level IV will be
restored. The Level II 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
bankfull 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 further promote efficient sediment
transport and produce/enhance 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. Priprity Levels ofilncised River Restoration

bioengineering methods.

Description Methods Advantages Disadvantages
Priority 1
Convert G and/or F stream Re-establish channel on Re-establishment of 1) Floodplain re-
types to C or E at previous | previous floodplain using floodplain and stable establishment could cause
elevation with floodplain. relic channel or construction | channel: flood damage to urban,
of new bankfull discharge 1) reduces bank height and agricultural, and industrial
channel. Design new streambank erosion, development.
channel for dimension, 2) reduces land loss, 2) Downstream end of
pattern, and profile 3) raises water table, project could require grade
characteristic of stable form. | 4) decreases sediment, control from new to previous
Fill in existing incised 5) improves aquatic and channel to prevent head-
channel or with terrestrial habitats, cutting.
discontinuous oxbow lakes 6) improves land
level with new floodplain productivity, and
elevation. 7) improves aesthetics.
Priority 2
Convert F and/or G stream | If belt width provides for the | 1) Decreases bank height and | 1) Does not raise water table
types to C or E. minimum meander width streambank erosion, back to previous elevation,
Re-establishment of ratio for C or E stream types, | 2) Allows for riparian 2) Shear stress and velocity
floodplain at existing level construct channel in bed of vegetation to help stabilize higher during flood due to
or higher, but not at original | existing channel, convert banks, narrower floodplain.
level. existing bed to new 3) Establishes floodplain to 3) Upper banks need to be
floodplain. If belt width is help take stress off of sloped and stabilized to
too narrow, excavate channel during flood, reduce erosion during flood.
streambank walls. End-baul | 4) Improves aquatic habitat,
material or place in 5) Prevents wide-scale
streambed to raise bed flooding of original land
elevation and create new surface,
floodplain in the deposition. 6) Reduces sediment,
7) Downstream grade
transition for grade control is
easier.
Priority 3
Convert to a new stream Excavation of channel to 1) Reduces the amount of 1) High cost of materials for
type without an active change stream type involves land needed to return the bed and streambank
floodplain, but containing a | establishing proper river to a stable form. stabilization.
floodprone area. Convert G | dimension, pattern, and 2) Developments next to 2) Does not create the
to B stream type, or F to profile. To converta GtoB | river need not be relocated diversity of aquatic habitat.
Be. stream involves an increase due to flooding potential. 3) Does not raise water table
in width/depth and 3) Decreases flood stage for | to previous levels.
entrenchment ratio, shaping same magnitude flood.
upper slopes and stabilizing 4) Improves aquatic habitat.
both bed and banks. A
conversion from F to Bc
stream type involves a
decrease in width/depth ratio
and an increase in
entrenchment ratio.
Priority 4
Stabilize channel in place. A long list of stabilization 1) Excavation volumes are 1) High cost for stabilization.
materials and methods have reduced. 2) High risk due to excessive
been used to decrease 2) Land needed for shear stress and velocity.
streambed and streambank restoration is minimal. 3) Limited aquatic habitat
erosion, including concrete, depending on nature of
gabions, boulders, and stabilization methods used.

Source: Rosgen, 1997, “4 Geomorphological Approach to Restoration of Incised Rivers ™.

28




Final Restoration Plan

Bold Run Creek Stream/Buffer Restoration

Table 7. Morphological Design Criteria

Project Site Reference Reach Project Site
Variables Existing Richland Creek Restored Reach
Channel (Above Section 1)
Rosgen Stream Type B4/C4 C4 C4
Drainage Area (mi-) 12 4.8 12
Bankfull Width (W ) (ft) 15.7-26.5 (17.5) 28-32 17.7
Bankfull Mean Depth (dus) (ft) .9-1.7 (1.5) 2.3-24 1.4
Bankfull Cross Sectional area (Ay) (ft°) 24.2-25.3 (24.9) 67-75 25
Width/depth Ratio (Wie/dukr) 8.8-29.1 (12.2) 11.7-13.9 12.5
Maximum Depth (duwuir) (ft) 1.9-2.3 (1.9) 3.75 1.6
Width of flood prone area (W) (ft) 18.3-34.3 (20.4) >100* 53.1
Entrenchment Ratio (ER) 1.1-1.7 (1.3) >3.0* >3.0
Water Surface Slope (S) (ft/ft) 0.007 0.004 0.007
Sinuosity (stream length/valley length) (K) 1.04 1.1 1.1
Pool Depth (ft) - 2.9 1.54
Riffle Depth (ft) 9-1.17 2.3-2.4 1.4
Pool Width (ft) - 26-.5 19.0
Riffle Width (ft) 15.7-26.5 28-32 17.7
- Pool XS Area (sf) - 70-75 27.5
S | Riffle XS Area (sf) 24.2-25.3 67-75 25
§ | Pool depth/mean riffle depth - 1.2-1.3 1.2-1.3
§ Pool width/riffle width - 0.9-1.1 0.9-1.1
Pool area/riffle area - 0.9-1.1 0.9-1.1
Max pool depth/dy - 1.9-2.0 1.9-2.0
Low bank height/n-ﬁx bankfull depth - 1.0-1.2 1.0-1.2
Mean Bankfull Velocity (V) (fps) 3.1-4.6 3.6-5.0
Bankfull Discharge (Q) (cfs) 75-115 260-270
Meander length (L) (ft) 68-150 110-200 60-180
Radius of curvature (Rd) (ft) 20-70 30-70 20-55
S [ Beltwidth (We) () 20-75 300 160-195
5 Meander width ratio (Wyi/Wr) 1.1-4.3 9.3-10.7 9-11
Radius of curvature/bankfull width 1.1-4.0 1.0-2.5 1.1-3.0
Meander length/bankfull width 3.8-8.6 3.5-7.1 35-10.0
Valley slope 0.0083 0.0045 0.0083
Average water surface slope 0.0087* 0.004 0.007
Riffle slope 0.004-0.021 0.0045-0.009 0.0088-0.0158
Pool slope 0.0002-0.0009 0.000-0.0025 0.000-0.0044
. Pool to pool spacing 10-70 25-90 0-0.001
% Pool length 29-43 5-25 3-20
& [ Riffle slope/avg water surface slope 0.46-2.4 1.1-2.3 1.1-2.3
Pool slope/avg water surface slope 0.023-0.103 0.0-0.6 0.0-0.6
Run slope/avg water surface slope - 0.7-1.2 0.7-1.2
Run depth/dus - 1.0-1.1 1.0-1.1
Pool length/bankfull width 1.7-2.5 0.2-0.9 0.2-0.9
Pool to pool spacing/bankfull width 0.57-4.0 0.8-3.0 0.8-3.0

* 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 function 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 Creck 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 floodplain/levee 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 FACW
American Elm Ulmus Americana FACW
Silky Dogwood Cornus amomum FACW
Herbaceous vegetation shall consist of a native grass mix that may include:
Bluestem Andropogon glomeratus

Deertongue Panicum clandestinum

Orchardgrass Dacwylis 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.

53 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 Ibs/fi’. 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 kg/sec or Ibs/sec.

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

33



Final Restoration Plan Bold Run Creek Stream/Buffer Restoration

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 Dsp, 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
(m/s). This shear velocity corresponded to a dimensionless sediment transport rate (qr*) of 2.5E-05. A
qr* 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 ft’/s over the area subject to bedload transport with a u* =
0.14 m/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 dpso (median diameter of the
bedload) value of approximately 6.5 millimeters.

aw* = qw / (((s-1))"” (dbso)*? =1.252/ (((2.65 - 1) 9.81)'? (6.45E-03)*” = 595

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.

34



aw"

1 10 100 1000 10000 100000 1000000
——— — = =RE===3) E===11 === === ===y !-00E-01
| I T TTT [ [ TTTT1] | T TTT1] | L T TTT [ L T TTTI L | TTTT 1.00E-02
+S=0'001 | L1 11 1 |1 1 1 ] j I i - :7 ] I | | L1 1
|ttt 1| 1t = | | [
== S=0.002 — 1.00E-03
——S-0.003 —= =5 |===5]| E ===
—H=5=0.004 b |t Ll}] L H =L LI} |——tL+HH 1.00E-04
+S='
B == == I—= == S ===sq{
=== S=(.007 1.00E-05
——5-00] — | N | = =g E === ==
$=0.025 = ; | == = = T==x /| [O0E06
(=
o
| TTTTII TJTIT [ I TTTT1I [ I TTTIT1I [ A—I.OOE-O7
= =t { i | mmn g it i ] + =Tl i g
1.00E-08
——F |====|| =: 2 == |====|| E === E 1=
L =L L L1} - s = L L1l L ‘1!!!!! L L LLLH 1.00E-09
7 F |
- | Ij’ll} —~ [ ——trll; -+~ —rll |
_ 1.00E-10
= |I===F= | i ====1l E 1= E |=== |
/
: | = | | == Iiﬂ— i === E === = === 1.00E-11
| | [ | TTTTLl [ T TITl | T TTT1l T I T TIIl [ | TTTT1l 1.00E-12
e—le
=== =3
b 1
R e—— . . . r.»
m——tw= | Figure 15. Bold Run Creek River State Diagram Fon v\%
feosystem
ASSOCIAgS:OF NC




Final Restoration Plan Bold Run Creek Stream/Buffer Restoration

6.0 PERFORMANCE CRITERIA

Monitoring shall consist of the collection and analysis of stream stability and riparian/stream bank
vegetation survivability data to support the evaluation of the project in meeting established restoration
objectives. Specifically, project success will be assessed utilizing measurements of stream dimension,
pattern, and profile, site photographs, and vegetation sampling.

6.1 Streams

The purpose of monitoring is to evaluate the stability of the restored stream. Following the procedures
established in the USDA Forest Service Manual, Stream Channel Reference Sites (Harrelson, et.al, 1994)
and the methodologies utilized in the Rosgen stream assessment and classification system (Rosgen, 1994
and 1996), data collected will consist of detailed dimension and pattern measurements, a longitudinal
profile, and bed materials sampling.

Dimension - Five permanent cross-sections, three riffle and two pools, will be established and used to
evaluate stream dimension. Permanent monuments will be established by either conventional survey or
GPS. The cross-section surveys shatl provide a detailed measurement of the stream and banks, to-include-
points on the adjacent floodplain, at the top of bank, bankfull, at all breaks in slope, the edge of water, and
thalweg. Subsequently, width/depth ratios and entrenchment ratios will be calculated for each cross-
section.

Cross-section measurements should show little or no change from the as-built cross-sections. If changes
do occur, they will be evaluated to determine whether they are minor adjustments associated with settling
and increased stability or whether they indicate movement toward an unstable condition.

Pattern - Measurements associated with the restored channel pattern will include belt width, meander
length, and radius of curvature. Subsequently, sinuosity, meander width ratio and radius of curvature and
meander length/bankfull width ratios will be calculated.

Profile — A longitudinal profile of the entire restored channel will be surveyed. Measurements will
include slopes (average, pool, riffle), as well as calculations of pool-to-pool spacing. Annual
measurements should indicate stable bedform features with little change from the as-built survey. The
pools should maintain their depth with lower water surface slopes, while the riffles should remain
shallower and steeper.

Bed Materials - Pebble counts will be conducted at each representative cross-section for the purpose of
repeated classification and to evaluate sediment transport.

Photograph Reference Points

Photograph reference points (PRP) will be established to assist in characterizing the site and to allow
qualitative evaluation of the site conditions. The location and bearing/orientation of each photo point will
be permanently marked in the field and documented to allow for repeated use.

Cross-section Photograph Reference Points

Each cross-section will be photographed to show the form of the channel with the tape measure stretched
over the channel for reference in each photograph. Effort will be made to consistently show the same
area in each photograph.
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Longitudinal Photograph Reference Points

Additional PRPs will be located, as needed, to document the condition of specific in-stream structures
such as cross vanes, as well as infrastructure associated with the stream such as utility and road crossings.

6.2 Vegetation

The success of the riparian buffer plantings will be evaluated using 55 (5% of total buffer area) ten by ten
meter (10m x 10m) vegetative sampling plots. The corners of each monitoring plot will be permanently
marked in the field. The monitoring will consist of a physical inventory within each plot and a
subsequent statistical analysis in order to determine the following: composition and number of surviving
species, and total number of stems per acre. Additionally, a photograph will be taken of each plot that
will be replicated each monitoring year. Riparian vegetation must meet a minimum survival success rate
of 320 stems/acre after five years. If monitoring indicates that the specified survival rate is not being met,
appropriate corrective actions will be developed, to include invasive species control, the removal of
dead/dying plants and replanting.

6.3~  Schedule/Reporting-

The first scheduled monitoring will be conducted during the first full growing season following project
completion. Monitoring shall subsequently be conducted annually for a total period of five (5) years.

Annual monitoring reports will be prepared and submitted after all monitoring tasks for each year are
completed. Each report will provide the new monitoring data and compare the new data against previous
findings. The monitoring report will follow the format described in the EEP document entitled “Content,
Format, and Data Requirements for EEP Monitoring Reports.”
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PLANTING PLAN AND SPECIES COMPOSITION

LEVEE PLANTING AREA = 7.0 ACRES

12" - 18" BARE ROOT MATERIAL
438 STEMS/ACRE (10" X 10 SPACING), RANDOM SPECIES PLACEMENT

SCIENTIFIC NAME COMMON NAME % OF TOTAL # OF PLANTS
JUGLANS NIGRA BLACK WALNUT 3 770
QUERCUS PHELLOS WILLOW OAK 20 610
QUERCUS LYRATA OVERCUP OAK 30 020
ULMUS RUBRA SUPPERYELM - 2% 7
100 3,070

* UNDISTURBED FORESTED AREAS WITHIN PLANTING 20NE

WILL NOT BE PLANTED

STREAMS|DE PLANTING AREA = 1.4 ACRES

127 - 18" BARE ROOT MATERIAL

436 STEMS/ACRE (10' X 10° SPACING), RANDOM SPECIES PLACEMENT

SCIENTIFIC NAME COMMON NAME % OF TOTAL # OF PLANTS
BETULA NIGRA RIVER BIRCH 34 210
ACER NEGUNDO BOXELDER 33 200
PLATANUS OCCIDENTALIS AMERICAN SYCAMORE 3 200

100

* UNDISTURBED FORESTED AREAS WITHIN PLANTING ZONE
WILL NOT BE PLANTED

810

o g o
0 0 o
Q0 0 0

BOTTOMLAND HARDWOOD PLANTING AREA = 17.1 ACRES

12" - 18" BARE ROOT MATERIAL
438 STEMS/ACRE (10° X 10 SPACING), RANDOM SPECIES PLACEMENT

SCIENTIFIC NAME COMMON NAME % OF TOTAL # OF PLANTS
URIODENDRON TULIPIFERA ~ TULIP POPLAR 20 1,480
QUERCUS PAGODA CHERRYBARK OAK 0 2240
QUERCUS PHELLOS WILLOW OAK 30 2240
QUERCUS MICHAUXII SWAMP CHESTNUT QAK 20 1.480
100 7,480

* UNDISTURBED FORESTED AREAS WITHIN PLANTING ZONE
WILL NOT BE PLANTED

HIGH MOISTURE PLANTING AREA = 1.3 ACRES

12°- 18" BARE ROOT MATERIAL
438 STEMS/ACRE {10’ X 10' SPACING), RANDOM SPECIES PLACEMENT

SCIENTIFIC NAME COMMON NAME % OF TOTAL #OF PLANTS
FRAXINUS PENNSYLVANICA ~ GREEN ASH k2 200
ULMUS AMERICANA AMERICAN ELM L] 180
CORNUS AMOMUM SILKY DOGWOOD 3 180
_

100 580

* UNDISTURBED FORESTED AREAS WITHIN PLANTING 20NE
WILL NOT BE PLANTED

EXISTING 100' WIDE
ELECTRIC LINE EASEMENT

STREAM ZONE = 0.34 ACRES (1,820 LF x 8.2 FT BANK)

LIVE STAKES: 1.5 TO 2’ LENGTHS, 1/2 TO 2° DIAMETER
3 CENTER SPACING, RANDOM SPECIES PLACEMENT

SCIENTIFIC NAME COMMON NAME
SALIX NIGRA BLACKWILLOW
SALIX SERICEA SILKY WiLLOW
CORNUS AMOMUM SILKY DOGWOOD
SAMBUCUS CANADENSIS ELDERBERRY

NOTE: NO SINGLE LIVE STAKING SPECIES SHALL COMPOSE
MORE THAN 40% OF THE 1,770 TOTAL NUMBER OF LIVE

STAKES YO BE INSTALLED

-40 -20 0 40

GRAPHIC SCALE

RIPARIAN
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_ BOLD RUN CREEK

STREAM / BUFFER RESTORATION PROJECT

- WAKE FOREST, WAKE COUNTY, NORTH CAROLINA
STATION 10+00.00 TO STATION 26+05
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Final Restoration Plan

Bold Run Creek Stream/Buffer Restoration

Appendix A
Historic Aerial Photographs



Historical Aerial Photograph - 1949
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Historical Aerial Photograph - 1971
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Historical Aerial Photograph 1988
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Final Restoration Plan Bold Run Creek Stream/Buffer Restoration

Appendix B
State Agency Correspondence



el
el

o —
k ( I ENGINEERS ® SURVEYORS ® ScIENTISTS ®* CONSTRUCTION MANAGERS

ASSOCIATES OFNC Lanpmark CenTeR 11 ® SuITE 220 * 4601 Six Forks Roap ® RateicH ¢ NC 27609 * 919-783-0214 (Fax) 919-783-9266

July 25, 2005

Linda Pearsall, Program Head

North Carolina Natural Heritage Program
1601 Mail Service Center

Raleigh, NC 27529

Subject: Natuial Horitage Review
Bold Run Creek Stream and Wetland Restoration Project
Project ID# 12053743B

Dear Ms. Pearsall:

Please accept this information pertaining to the proposed Bold Run Stream and Wetland Restoration
Project, which is located approximately 5 miles northwest of the Town of Wake Forest on Bold Hill Run
Road approximately 1.5 miles east of the intersection with Mangum Dairy Road in Wake County, as a
submittal for natural area and rare species review by the North Carolina Natural Heritage Program.

A portion of this property (rcfer to attached layout) is currently under investigation as a stream and
wetland restoration project for the North Carolina Ecosystem Enhancement Program (NCEEP). The
stream work typically involves modifying stream channels to a natural stable form through minor grading,
use of in-stream rock features, and establishment of vegetated riparian buffers. No impacts to any
structures on the subject property are anticipated.

Following the review of the included documentation, please provide a determination regarding any
potential impacts to rare species or natural areas associated with this project.

Please feel [ree to contact me at (919) 783-9214, ext. 133, should you have any questions or require any

further information to process this request. Thank you for your assistance and attention.

Sincerely,

] ,] Qu\/\;/vv\ FAN
LAV R g 1 Lld”

April L. Helms
Project Manager

KCI AssociaTes oF NorRTH CAROLINA, PA. www.kci.com
fanployee-Owaed Stce 1988




North Carolina Depariment of Environment and Natural Resources

"

£7%
in

Michae! F. Ezsley, Governor William G. Ross Jr.

September 20, 2008

Ms. April L. Helm

KOT Associates of Mzgw’&;h Carolina, P.A.
Landmark Center 11, Suite 220

46071 Six Forks Road

Raleigh, NC 27600

Subject: Bold Run Cr
Project [D# 120

ream and Wetland Restoration Project; Wake Forest, Wake County

Diear Ma, Helmis:

The Natural Heritage Program has no record of rare species, significant natural communities, or

priority natural areas at the site nor within 0.7-mile of the project area. The U.S. Army Corps
of Engineers's Falls Lake lands lie roughly 0. mile downstream of the project site. Thus, it
is important timz proper sedimentation controls be in place to avoid any downstream impacts to
these Federal lands and their waters (Falls Lake?

You may wish to check the Natural Heritage Program database website at

<wyww.iesparks net/nhp/search html> for a Hsting of rare plants and ani maxi% and significant
natural communities in the county and on the topographic quad map. Please do not hesitate to
contact me at 919-715-8697 if vou have questions or need further information.

Sincerelv,

Harry E. L e
Natural Heritage P,

HEL/bel

eratary

1601 Mail Service Center, Ralgigh, North Carcling  27888-1801 One T
. Seegertibiva st dbinui ‘ inin _arolina
Phone: 9187334084 « FAX $18.715-3060 « Infernel wwwgnr state no.us N“%my;mmﬁ

&
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July 25, 2005

Mr. Steve Woodruff, District Conservationist
USDA Natural Resource Conservation Service
Raleigh Service Center

4001 Carya Drive

Raleigh, NC 27610-2916

Subject: Farmiand Conversion Impact Rating
Bold Run Stream and Wetland Restoration
Project Number 12053743B

Dear Mr. Woodruff:

Please accept this information pertaining to the proposed Bold Run Stream and Wetland Restoration
Project, which is located approximately 5 miles northwest of the Town of Wake Forest on Bold Hill Run
Road approximately 1.5 miles east of the intersection with Mangum Dairy Road in Wake County. as a
submittal for farmland conversion impact rating by the USDA Natural Resource Conservation Service.

A portion of this property (refer to attached layout) is currently under investigation as a stream and
wetland restoration project for the North Carolina Ecosystem Enhancement Program (NCEEP). The
funding for this project comes from the USDOT Federal Highway Administration through NCDOT. The
current land use in the project area includes predominantly Agricultural Pasture Fields. The restoration
would improve water quality and provide greater protection for aquatic ecosystems from surrounding
agricultural lands. This type of work typically involves enhancing streams to create more natural and
stable channels through minor grading, use of in-stream rock features. and reforestation of riparian
buffers.

A soil classification was performed on the site recently. The following soils were found on the project
site; Chewacla- 1.3 acres. Chewacla variant- 16.3 acres, Chewacla Riverview- 7.6 acres.

Following the review of the included documentation, please provide a determination regarding any
potential impacts from farmland conversion associated with this project.

Please feel free to contact me at (919) 783-9214. ext. 133, should you have any questions or require any
further information to process this request. Thank vou in advance for your assistance and attention.

Sigcere._ly{ E

April Helms
Project Manager

KCI TECHNOLOGIES www. kei.com
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ASSOCIATES OF NC Lanpmark CENTER 11 ® Surre 220 ¢ 4601 Six Forks Roan * Ratrich ¢ NC 27609 ® 919-783-9214 ¢ (Fax) 919-783-9266

July 25, 2005

Ms. Juliana Hoekstra

Environmental Review Specialist - SHPO
4617 Mail Service Center

Raleigh, NC 27699-4617

Subject: Cultural Resources Review
Bold Run Creek Stream and Wetland Restoration Project
Project ID# 12053743B

Dear Ms. Hoekstra:

Please accept this information pertaining to the proposed Bold Run Creek Stream and Wetland
Restoration Project, which is located approximately 5 miles northwest of the Town of Wake Forest on
Bold Hill Run Road approximately 1.5 miles east of the intersection with Mangum Dairy Road in Wake
County, as a submittal for cultural resources review by the State Historic Preservation Office.

A portion of this property (refer to attached layout) is currently under investigation as a stream and
wetland restoration project for the North Carolina Ecosystem Enhancement Program (NCEEP). The
stream work typically involves moditying stream channels to a natural stable form through minor grading,
use of in-stream rock features, and establishment of vegetated riparian buffers. The wetland work
typically involves minor grading and establishment of wetland vegetation. No impacts to any structures
on the subject property are anticipated.

Following the review of the included documentation, please provide a determination regarding any
potential impacts 1o cultural resources associated with this project.

Please feel free to contact me at (919) 783-9214, ext. 133, should you have any questions or require any
turther information to process this request. Thank you for your assistance and attention.

Sincerely,

April L. Helms
Project Manager

KCI Associates oF NorTH CAROLINA, PA. www.kci.com

Lupleyee-Owned St 1988
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[< ( I ENGINEERS ® SURVEYORS ® SCIENTISTS ® CONSTRUCTION MANAGERS
ASSOCIATES OF NC Lanpmark Center IT ® SuiTe 220 * 4601 Six Forks Roap * RaLeicH * NC 27609 * 919-.783-9214 (Fax) 919-783-9266

July 25, 2005

Ms. Shannon Deaton

Habitat Conservation Program Manager
NC Wildlife Resources Commission
Division of Inland Fisheries

1721 Mail Service Center

Raleigh, NC 27699-1721

Subject: Fish and Wildlife Coordination Act
Bold Run Stream and Wetland Restoration Project
Project Number 12053743B

Dear Ms. Deaton:

Please accept this information pertaining to the proposed Bold Run Stream and Wetland Restoration
Lruject, wilsi is focated approximately > miles northwest ot the 1own of Wake Forest on Bold Hill Run
Road approximately 1.5 miles east of the intersection with Mangum Dairy Road in Wake County, as a
submittal for the Fish and Wildlife Coordination Act review by the NC Wildlife Resources Commission.

A portion of this property (refer to attached layout) is currently under investigation as a stream and
wetland restoration project for the North Carolina Ecosystem Enhancement Program (NCEEP). The
current land use in the project area includes predominantly Agricultural Pasture Fields. The restoration
would improve water quality and provide greater protection for aquatic ecosystems from surrounding
agricultural lands. This type of work typically involves enhancing streams to creatc more natural and
stable channcls through minor grading, use of in-stream rock features, and rcforestation of riparian
buffers. As part of the environmental documentation process (Categorical Exclusion), coordination with
the NCWRC and the USFWS is requested for compliance with the Fish and Wildlife Coordination Act.

Following the review of the included documentation, please provide a determination of the potential
effects to wildlife associated with this project.

Please feel free to contact me at (919) 783-9214, ext. 133. should vou have any questions or require any
further information to process this request. Thank you in advance for your assistance and attention.

Ap it Helms
Project Manager

Si

erely,

KCI AssocIATES oF NORTH CAROLINA, PA. www.kcicom
Employee-Owned Sinee 1988




& North Carolina Wildlife Resources Commission =

Richard B. Hamilton, Executive Director

8 August 2005

Ms. April Helms, Project Manager
KCl1 Associates of North Carolina
Landmark Center I1, Suite 220
4601 Six Forks Road

Raleigh, NC 27609

Subject: Fish and Wildlife Coordination Act, Bold Run Stream and Wetland Restoration Project,
Wake County, North Carolina. Project Number 12053743B

Dear Ms Helms:

Biologists with the North Carolina Wildlife Resources Commission have reviewed the subject
document. Our comments are provided in accordance with provisions of the Fish and Wildlife
Coordination Act (48 Stat. 401, as amended; 16 U.S.C. 661-667d), and North Carolina General Statutes
(G.S. 113-131 et seq.).

The North Carolina Ecosystem Enhancement Program is currently investigating a stream and
wetland restoration site along New Light Creek, a headwater tributary to Falls-of-the-Neuse Reservoir in
the Neuse River basin. There are records for the federal species of concern and state significantly rare
pinewoods shiner (Lythrurus matutinus) and state significantly rare Carolina ladle crayfish (Cambarus
davidi) in New Light Creek. Current land use is agricultural pasture. The project would involve minor
grading to form natural, stable stream channels, use of instream rock features and reforestation of the
riparian buffers.

The proposed restoration project should improve water quality and aquatic habitat. Additionally,
establishing a forested riparian buffer should improve terrestrial habitat and provide a travel corridor for
wildlife species. We do not anticipate significant adverse impacts to fish and wildlife resources from the
proposed project.

Thank you for the opportunity to review this project. If you require further assistance, please
contact our office at (336) 449-7625.

Mailing Address: Division of Inland Fisheries ¢ 1721 Mail Service Center « Raleigh, NC 27699-1721
Telephone: (919)733-3633 « Fax: (919) 715-7643
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8 August 2005
Bold Run Stream and Wetland Restoration Site
Project No. 12053743B

Sincerely,

_Bpast ot

Shari L. Bryant
Piedmont Region Coordinator
Habitat Conservation Program

ec: Sarah McRae, NHP
Angie Rodgers, WRC
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Final Restoration Plan Bold Run Creek Stream/Buffer Restoration

Appendix C
Environmental Screening Inspection Forms



ENVIRONMENTAL SCREENING INSPECTION (EST) FORM

The objective of the ESI is to have an Inspector screen a property for the visual presence of the items
listed on this form without making an evaluation of the conditions or history of the observed concerns.

This ESI Form defines the scope of work to be performed in a checklist format, and also serves as the
report document once the Inspector has recorded the observations taken during the inspection, and has
attached the site plan and photographs.

This form was completed in the field by an Inspector who conducted a non-destructive visual inspection
of the subject property to document observations on-site and, to the extent possible, on the adjacent
properties. The inspector did not disturb, dismantle or rearrange any materials, containers or equipment
in performance of the inspection.

The entire subject property was covered in a manner conducive to observing and recording evidence of
environmental concern. Photographs depicting the general overall condition of the site as well as each
item of environmental concern are included.

I Subject Site Description
Site Name: Bold Run Site

Address/Location: Bold Hill Run Road

City: Wake Forest County: Wake  State: North Carolina

Size: acres

Current Landuse(s): Rangeland (pasture) and livestock farming

Number of 0 [ ]occupied 0 [] unoccupied

buildings: _

Site Improvements:  D{ undeveloped land [ ] paving & utility [] buildings fenced
improvements

Utilities Serving the Subject Property:
[] city sewer [] septic system X electricity ] gas

[:l city water [:l well water [___-l telephone



IL. On-Site Industrial/Manufacturing Activity Checklist:

The following observations were made of industrial/manufacturing activities currently in operation
and/or evidence indicating such previous activities on the subject site:

1. agricultural or horticultural production [] Yes X] No
2. airport or aircraft maintenance ] Yes Xl No
3. analytical testing laboratories [0 Yes x|  No
4.  asphalt or cement plant [0 Yes X] No
5. chemical manufacturing or treatment ] Yes X No
6.  dairy, meat or food processing [] Yes X No
7. dry cleaning facilities [1 Yes X No
8. explosive manufacturing L] Yes X] No
9. foundries, smelters or casting operations L] Yes X] No
10.  freight terminals ] Yes X No
11.  gasoline station or convenience store [ ] Yes X] No
12.  herbicide or pesticide manufacturing ] Yes X No
13. incineration furnace or air emissions (] Yes K No
14.  inks, dye and paint manufacturing or use (] Yes X No
15.  junk or scrap yard [ ] Yes X No
16. landfill or open dump [l Yes X No
17.  livestock feed lots or manure stockpiles Xl Yes [0 w~No
18.  machine shops ] Yes X No
19. metal fabrication or production ] Yes X No
20. metal plating or finishing L] Yes X No
21. military base [] Yes X No
22. mining or quarry activities ] Yes X No
23.  motor vehicle maintenance or repairs {: Yes No
24. oil and gas production or refining [0 Yes X No
25.  paper manufacturing (] Yes No
26. pharmaceutical or medical production ] Yes X No
27. photochemical laboratories [] Yes X No
28. plastic or fiberglass fabrication or manufacturing ] Yes X No
29. power plant [0 Yes No
30. printing industries ] Yes X No
31. railroad yard or spur [] Yes No
32. treatment, storage & disposal (TDS) facility L1 Yes X No
33. wvehicle or equipment de-greasing or washing L] Yes X No
34. waste treatment process HER'C X No
35.  wood preservation or finishing [] Yes No
36. fertilizer manufacturing 1 Yes X No

Description of the overall appearance of the subject property and observed industrial/manufacturing
activities (if any):
All open land on the subject property is utilized as rangeland for cattle kept on the

property.




. On-Site Inspection Checklist:

Evidence of the following operations/conditions was observed on the subject property:

1. floor drains, septic systems [l Yes X No
2. damaged/leaking transformers [l Yes X No
3. heavy equipment, tankers, spray rigs, paint booths (] Yes Xl No
4, storage containers, drums [l Yes No
5. chemical, petroleum, foul odors ] Yes X No
6. dumping, disturbed soil, direct burial activity,

injection wells, other disposal activities [0 Yes No
7. surface impoundments/holding ponds

(other than storm water retention) ] Yes X No
8. waste water discharges [ Yes X wNo
9. sumps, hydraulic lifts/equipment [0 Yes X No
10.  ASTs, USTs, fill pipes, vent pipes, vaults, UST

manhole covers, pumping equipment, patched areas

of asphalt or concrete indicative of previous UST

locations or repairs D Yes No
11. monitoring wells, piezometers, other subsurface

monitoring devices, remedial activities [] Yes X No
12. stained/discolored soil [] Yes XI No
13. leachate or seeps 1 Yes Xl No
14. chemically distressed, discolored, stained vegetation ] Yes XI No
15. chemical spills/releases ] Yes Xl No
16. petroleum sheens on water

(excluding parking lot ponding) L] Yes X No
17. other [] Yes O No

Description of identified environmental concerns (if any):
There were no environmental hazards during the field investigation.




Iv. Adjacent/Abutting Property Checklist:

The inspector has observed and documented land uses, business operations, and conditions of concern on
all adjacent/abutting properties, from the boundaries of the subject property and from public streets,
alleys, sidewalks, etc. An “abutting property” means those sites that share a common property boundary
with the subject site, while “adjacent property” means those sites separated from the subject site by an
easement, such as a street, highway, railroad, etc.

A. The adjacent property(s) to the north (direction) is:

X]  uphill from [] downhill from []  level with the subject site.
Current use(s) Rangeland/pasture, forest N occupied XI  unoccupied
Observed concerns: [l chemical spills/releases [] chemical odors
]  underground storage tanks [0 aboveground storage tanks stained soil

[l impoundments/holding ponds [l drums/containers dumping

[l remediation/clean-up activity [l landfill/burial activity monitoring wells

O 0Oo0o0

[] industrial/manufacturing activity [ ] wastewater discharge air emissions

Comments:
B. The adjacent property(s) to the east (direction) is:
X1 uphill from [] downhill from [0 level with, the subject site.
Current use(s) residential, rangeland/pasture D occupied []  unoccupied
Observed concerns: [] chemical spills/releases chemical odors

[0 underground storage tanks aboveground storage tanks stained soil

[] impoundments/holding ponds drums/containers dumping

monitoring wells

OO0 0004

O
L]

[l  remediation/clean-up activity [l landfill/burial activity
L

[]  industrial/manufacturing activity wastewater discharge air emissions

Comments:




C. The adjacent property(s) to the  west (direction) is:

] uphill from [] downhill from level with, the subject site.
Current use(s) forest, rangeland/pasture, residential  [X occupied [l unoccupied
Observed concerns: [[] chemical spills/releases [] chemical odors
[] underground storage tanks [] aboveground storage tanks [] stained soil
[] impoundments/holding ponds [l drums/containers [l dumping
[] remediation/ clean-up activity [] 1andfill/burial activity ] monitoring wells
[l industrial/manufacturing activity [ | wastewater discharge [] air emissions

Comments:

D. The adjacent property(s) to the  south (direction) is:

X uphill from ] downhill from [ level with, the subject site.
Current use(s)  forest, rangeland/pasture, X occupied ] unoccupied

residential

Observed concerns: chemical spills/releases chemical odors

[0  underground storage tanks aboveground storage tanks stained soil

dumping
[l remediation/clean-up activity

landfill/burial activity monitoring wells

oooob

[
[
[] impoundments/holding ponds [] drums/containers
[
L]

[l industrial/manufacturing activity wastewater discharge air emissions

Comments:
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Environmental Screening I nspection (ESI) — Photogr aph Documentation

Photograph 2. View from the East on Bold
Hill Run Road looking at the western portion of
the subject property. The land is used for
cattle/pasture.

Photograph 1. View from the East on Bold
HI Run Road looking at the northern portion
of the subject property. The land is used for
cattle/pasture.

Photograph 3 View from the East on Bold Photograph 4. View looking west & the
Hill Run Road looking at the southwestern power line easement.

portion of the subject property. The land is

used for cattle/pasture.



Photograph 5. View from the western portion
of the subject property looking east. Adjacent
property to the east isresidential.

Photograph 7. View looking east, upstream at
Bold Run O eek.

Photograph 6. View looking eas on the right
bank sdeof Bold Run Cres.

Photograph 8. View looking north along the
ditch in the center of the Site
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Appendix D
Wake Electric Easement
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Yie Brandicd asi 3% Duk s (Jodo0. 000
and otier valuable conaidarations snd the dasitional consideration 2 hereinafter specifiod, the receipt
of which s herehy acknowledged, do hereby grant unto WAKE ELECTRIC MEMBERSHIP COR.
PORATION, a cooperative corporation organized and existing under the laws of North Carolins, with
ihprluipllomuwplnhoflmllluh'llh Forest, Wake County and State of North Carolins,
mwﬂahthmmmm.mnumm.mmwmw

of @& State of North Carcline, and more particularly described as follows:
(A tract of land, approximatel L _aéres In ares, Jocited— 4 mitleé troin the

Town of thy — nded by lands owned by. -

and £ J' N tidat and )

to construct, recomstruet, repaly, enlarge, opersts and maintaln on the above described lands and/oe
in er upew all streets, rosds or kighways abutting said lands, sn electric transmission or distribation
unwmwmmtwdl“udwmthm«tthm
from sald lines in the exareise of the rights and privileg: ted, provided, b y that In exercls-
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Environmental Screening Inspection (ESI) — Photograph Documentation

Photograph 2. View from the East on Bold
Hill Run Road looking at the western portion of
the subject property. The land is used for
cattle/pasture.

Photograph 1. View from the East on Bold
Hill Run Road looking at the northern portion
of the subject property. The land is used for
cattle/pasture.

Photograph 3. View from the East on Bold Photograph 4. View looking west at the

Hill Run Road looking at the southwestern power line easement.
portion of the subject property. The land is
used for cattle/pasture.



Photograph 5. View from the western portion
of the subject property looking east. Adjacant
property to theeas isresdential.

Photograph 7. View looking east, upsream a
Bold Run Creek.

Photograph 6. View looking east on the right
bank sde of 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 from the East on Bold
Hill Run Road looking at the northern portion
of the subject property. The land is used for
cattlelpasture.

Photograph 3 View from the East on Bold
Hill Run Road looking &t the southwest portion
of the subject property. The land is usad for
cattlelpasture.

Photograph 2 View from the East on Bold
HI1 Run Road looking at the western portion of
the subject property. The land is usad for
cattlelpasture.

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



Bold Run Creek Photograph Log

Photograph 5. Looking northwest from the
upstream portion of the stream at the utility line
crossing in the middle of the project site.

Photograph 7. Looking east toward Bold Hill
Road at Ditch 3 on the project site.

Photograph 6. Looking north at Ditch 3
crossing the project site.

Photograph 8. Looking east toward Bold Hill
Road at a swale located parallel to Ditch 3 on
the project site.




Bold Run Creek Photograph Log

Photograph 9. Stream bedrock signifies start
of project reach.

Photograph 11. Upstream portion of Bold
Run Creek.

Photograph 10. Cattle fence bordering Bold
Run Creek.

Photograph 12. Looking at Ditch 1, which
joins the upstream portion of Bold Run Creek.




Bold Run Creek Photograph Log

Photograph 13. Looking upstream at UT1.

Photograph 15. Cattle fence bordering UT1.

Photograph 14. Looking upstream at UTI,
note the confined valley.

Photograph 16. Looking upstream at the
upper portion of Bold Run Creek. Note the
heavy cattle traffic on the right bank.




Bold Run Creek Photograph Log ‘

Photograph 17. Looking upstream at the Photograph 18. Looking upstream at the
upper portion of Bold Run Creek. Note the upper portion of Bold Run Creek.
utility pole immediately adjacent to the stream.

Photograph 19. Heavy cattle traffic on the Photograph 20. Looking downstream, notice
right bank of Bold Run Creek. the heavy cattle traffic located on the right bank
of Bold Run Creek.




Bold Run Creek Photograph Log

Photograph 21. Looking upstream at Bold Photograph 22. Looking upstream at the
Run Creek. ephemeral channel, which connects to Bold
Run Creek.

Photograph 23. Looking upstream at the Photograph 24. Looking upstream from the
downstream portion of Bold Run Creek. The downstream portion of Bold Run Creek.
ephemeral channel connects to Bold Run Creek

on the left bank. Also, note the stable riffle in

the foreground.




Bold Run Creek Photograph Log

Photograph 25. Looking upstream from the
downstream portion of Bold Run Creek.

Photograph 26. Looking upstream from the
downstream portion of Bold Run Creek at the
confluence of New Light Creek.
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Appendix F
Project Site Stream Classification Forms



. R . . T :
EUA o) hoeeel Loy OV

USACE AIDe DWQ# Site # (indicate on attached map)

- STREAM QUALITY ASSESSMENT WORKSHEET

Provide the following information for the stream reach under assessment:

L Applicant’sname: 2. Evaluator's name: {310 b4
3. Date of evaluation:__* 1 - 4. Time of evaluation:
'T( # - . o
A. Name of stream: 1 { {7y _ 6. River basin: \‘c?\j L
7. Approximate drainage area: 8. Stream order:
9. Length of reach evaluated: . 10. County:_d 7} &/
11. Site coordinates (if known):  prefer in decimal degrees. 12. Subdivision name (if any )
Latitude tex. 34 872312y Longitude ey 77 3366111,

Method location determined (eireley: GPS Topo Sheet  Ortho {Aerial) Photo/GIS  Other GIS  Other ]
13. Location of reach under evaluation (note nearby roads and landmarks and attach map identifying stream(s) location):___

Jowns Lold Pun (g e .

14. Proposed channel work (if any):__ Y% W\ \et ‘L'_X\Qx\\'\‘i:ﬁk 2

_15, Recent weather conditions: __3 Ay -2 o

16. Site conditions at time of visit: Lo g R

17. Identify any special waterway classifications known: _ Section 10 ___Tidal Waters Essential Fisheries Habitat

Trout Waters ___ Outstanding Resource Waters  ___ Nutrient Sensitive Waters ____ Water Supply Watershed ____ (J-1V)

18. Is there a pond or lake located upstream of the evaluation point?  YES NO\ If'yes, estimate the water surface area:_

19. Does channel appear on USGS quad map? YES (NO: 20. Does channel appear on USDA Soil Survey? YES (NO' . !
hos EO

v

21, Estimated watershed land use: " %0 Residential % Commercial % Industrial » 9% Agricuﬁural
y_{fﬁf‘b Forested M Cleared - Logged % Other (.

22. Bankfull width:f; 2 23. Bank height (from bed to top of bank): Mf;‘—[\

24. Channel slope down center of stream: ____Flat (0 to 2%) " Gentle (2 to 4%) __ Moderate (4 to 10%) __ Steep (»10%)

25, Channel sinuosity: _Straight v Qceasional bends _ Frequent meander Very sinuous Braided channel

Instructions for completion of worksheet (located on page 2): Begin by determining the most appropriate ecoregion based on
focation, terrain, vegetation, stream classification, etc. Fvery characteristic must be scored using the same ecoregion. Assign points
to each characteristic within the range shown for the ecoregion. Page 3 provides a brief description of how to review the
characteristics identified in the worksheet. Scores should reflect an overall assessment of the stream reach under evaluation. If a
characteristic cannot be evaluated due to site or weather conditions. enter 0 in the scoring box and provide an explanation in the
comment section. Where there are obvious changes in the character of a stream under review (e.g., the stream flows from a pasture
into a forest), the stream may be divided into smaller reaches that display more continuity, and a separate form used to evaluate each
reach. The total score assigned to a stream reach must range between O and 100, with a score of 100 representing a stream of the
highest quality .

’) -
Total Score (from reverse): ”‘h;z R Comments;

) J— e A r\ R
AR AR
Evaluator’s Signature m U g % MYY\JS Date Q\ "\ "&—)

This channel evaluation fofm is intended to be used only as a guide to assist landowners and environmental professionals in
gathering the data required by the United States Army Corps of Engineers to make a preliminary assessment of stream
quality. The total score resulting from the completion of this form is subject to USACE approval and does not imply a
particular mitigation ratio or requirement. Form subject to change  version 06/03 . To Comment, please call 919-876-8441 x 26.




STREAM QUALITY ASSESSMENT WORKSHEET

. . . ECOREGION POINT RANGE |
CHARACTERISTICS ~ Coastal | Piedmont | Mountain QCORE
Presence of flow / persistent pools in stream 0.3 0- 4 0.5
(no flow ar saturation = 01 strong tlow - max points) - ) o
Evidence of past human alteration 0-6 0-5 0-5
(extensive alteration = 0; no alteration = max points) ) o . |
. Riparian zone
3 (no butfer = 0: contiguous, wide buffer = max points) 0-6 ‘ 04 0-3
4 Evidence of nutrient or chemical discharges 0.3 0-4 0-4
(extensive discharges = 0; no discharges = max points) i ] ) 3 -
é 5 Groundwater discharge 01 0-4 0-4
{no discharge = 0; springs. seeps, wetlands. etc. = max points} I T D
%' 6 Presence of adjacent floodplain 04 0-4 0-2
e (no floodplain = 0; extensive floodplain = max points) -
E, 7 Entrenchment / ﬂoodplain‘access ‘ 0.5 0 -4 0-2
(deeply entrenched - 0; frequent flooding = max points)
8 Presence of adjacent wetlands 0.6 O"l 4 0-2 :
(no wetlands = 0; large adjacent wetlands = max points) i A
o |~ © - Channel sinvosity P 0 4 0-31
(extensive channelization - 0: natural meander = max points) : .
Sediment input
10 {extensive deposition- 0 little or no sediment - max points) | 0-3 -4 v-4 ]
1 Size & diversity of channel bed substrate NAK 0-4 0-5
(fine, homogenous = 0; farge, diverse sizes = max points} ) '
12 Evidence of channel incision or widening P 0 4 05
. Adeeply incised - 0: stable bed & banks - mas points) )
13 ’Presence of ms‘ljnr bank failures ‘ 0.5 0.5 0- 4 :
(severe erosion = {1 no crosion. stable banks ~ max points) BT
14 Root depth and density on banks 0-3 0-4 0-5 .
- {no visible roots = 0: dense roots throughout = max points) y l
2] 5 Impact by agriculture, livestock, or timber production 4.5 0 -4 0.5 i é
L .{substantial impact =0: no evidence = max points) ' L
S 16 .Presencc of riffle-pool/ripple-pool complexes 03 0.5 0-6 “
o (no riffles ripples or pools = 01 well-developed = max points) - e
<! |7 A Habitat complexity 0-6 0-6 0-6
E (little or no habitat = 0: frequent. varied habitats Fnax points) ) et |
g 18 . (,‘anop}' coverage over streambed 0. 0-5 0-5 i \
: tno shading vegetation = 0; continuous canopy = max points) ‘ i v
Substrate embeddedness " .
19 (deeply embedded - 0 loose structure = max) NA v -4 0-4 Rt
Presence of stream invertebrates (see page 4) 0 4 0.5 0.5 P
(no evidence = 0 common, HUMELOUS y pes = Max points) | o N )
Presence of amphibians 0.4 0. 4 0.4
(ho evidence = 0:; conumon. NUMCTOUS types - niax points) i
Presence of fish 0.4 0 4 0 4 I
(no evidence > () common, NUMErous types = miax points) ) o
Evidence of wildlife use 0.6 0.5 0-5 s
(no cvidence - O abundat evidence = max points) i et
Total Points Possible 100 100 100

TOTAL SCORE (also enter on first page)

* These characteristics are not assessed in coastal strcams




ENRICL L uewet LS en N b

NCDWQ Stream Classification Form

Project Name &O\d \'ii‘).ﬁ 3 River Basin ‘\\ﬂ\Y.ym Comnty N ¥R Fvaluator (R1s AR
N, - g O
DWQ Project Number Nearest Named Strcam;} Vo Lantide Slgﬂmurt‘wj %oﬁ VN

Oy e e ‘
Date )‘ VD USGS QUADS Xy I Fongitide Location/Ditections
*PLEASE NOTE: 17 evatuutor andd landowner dagree that the feulurc is u man-made ditch, then use of this form is ot necessury.
Aso, if in the best professtonal judgement of the eviluator, the feature is a muti-made ditch und not a4 modificd natural stream—this
rating system shouhd not be used™

Pl‘imal‘! Field lndica t()rS: e e Nerhor Ser Ly

L. Geomorphology Absgnt Weak Moderate Strong
11 Is There A Riffle-Pool Sequence” ! 0.} ] 2 S 3
2) Is Fhe UISDA Texturc In Streambed e =

Datterent Erom Surrounding Terrn? 1] {1 ,) 2 3
3) Are Naturad Levees Present? ¥ 1) 2 3
41 1s The Channel Sinuous? 3 [y 2 3
8) Is There An Active (Or Relic) , ~
Floodplain Present? { a I 2 3
6} Is The Channel Branded? e 2 3
73 Are Recent Alluvial Deposits Present? Q. D) 2 3
8) is There A Baukfull Bench Present” ) Y 2 3
9y Is A Continuous Bed & Bank Present” <' l) 2 3
NQTE It ﬂu/,\ Roonk Catmaed B DutcJung od WITHOU T Smvosty i Sone 0
1) s A 2% Order Or Greater Channel (As Indicated

On Topo Map And/Qr In Figid) Present? Yey-3

PRIMARY GEOMORPHOLOGY INPICATOR POINTS: C;»,

1. Hvdrology Absent Weak Moderate Strong
FiIs There A Groundwater .
Flow/hscharge Present? LU ) | 2 3
PRIMARY HlDR(}LOG) INDICATOR P()INTS
HI. Biology Absgnt Weak Moderate Strong_
1} Are Fibrous Roots Present [n Streambed? adng 2 I 0
23 Are Rooted Plants Present In Strcambed”? i3 2 1 Q
3) Is Peaiphyton Present? . ) {2 I 2 3
4) Are Bivalves Present” Wt I 2 3
PRIMARY BIOLOGY INDICATOR POINTS: § o
Secondary Field Indicators: « .. o <o 1o fom
L. Geomorphology Absent Weak Moderate Strong
1) Is There A Head Cut Present In Chunnel? ] e N ; ! i.5
2) Is There A Grade Control Point I Channel” . A i 13
3) Daes Topography Indicate A -
Natural Dramgge War? 0 } . [
SECONDARY GEOMORPHOLOGY INDICATOR POIN TS: g Q
L1, Hydrology Absent Weak Muoderate Strong
D Is This Year's (Or Last's) |eaflitter o

Present In Streambed? 1.3 ) » g
2) Is Sediment On Plants (Or Delyis) Present? ) g { |‘!} 1.5
3) Are Wiack Lings Present’ E:s 3 i L5
) Is Water In Channel 4nd 38 Hrs Smce 3 I 15
Last Known Ran’ ONCHE Lk fnd gicd i e \kllr Hm Nep At 23 Bfoer)
§11s There Water In Channe! Duting Dy @ 3 1 I3
Conditions Or In Growing Season)’ ! o .
6} Are Hsdric Soils Present In Sides Of Channel (O In H;g_!;m) Yes- i No -0
SECONDARY HYDROLOGY INDICATOR POINTS:
1. Biology Abgent Weak Maderate Stroag
1) Are Fish Present? 7\% b I is
2) Are Amphibians Present? 3 | 1.5
3 Are AquaticTuitles Prescnt? D) 3 ! 1.5
4) Are Cras lish Present? —— P I 3 ! § 13
5) Are Macrobenthos Present? ] s ! 13
6) Are Iron Oxidizing Bacteria/Fungus Present * £ N ! 1.3
73 Is iliwnentous Algae Prosent? ) S ! 13

81 Are Wetland Plants T Streambed ”
PNOTE i1 e a1 40 Puse ot 2 } 74
D Soredd Abovy, Sk Loy Mep UNEESS N4 Feesoan™)

SAV Mostly (iB[ Maostly AW Muostly FAC Mostly FACU \10%})@,4}[1
3 4

g




SECONDARY BIOLOGY INDICATOR poINTS: ()

7 oT. AL P OIN TS (Printary + Secondary )= \ 5(lj Gro

wter Than Or Equal Ta 19 Points The Stream Is At Least Intermittent)
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Appendix G
Existing Conditions
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-1 locking upstream

Bold Run Creek
BtingConditions

%-1 right bank looking left bank

8-1 looking downstream
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-2 left bank looking right bank

%-2 looking upstream

Bold Run Creek
BtingConditions

%-2 right bank looking left bank

B-2 looking downstream
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8-5 left bank locking right bank

&-5 looking upstream

Bold Run Creek
BtindConditions

8-5 looking downstream
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£-6 looking upstream

Bold Run Creek
BtingConditions

8-6 right bank looking left bank

E-6 looking downstream
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Appendix H
Reference Reach Data



Appendix H. Morphological Desi

width

w Richland
CLASSIFICATION Creek
DATA Reference

Reach

Rosgen Stream Type C4
Drainage Area (aq mi) 4.
Bankfull Width (W ) (ft) 28-32
Bankfull Mean Depth (dy) (ft) 2324
Bankfull Cross Sectional area 67.75
Avi) (sf) B
Width/depth Ratio (Wpis/dey) 11.7-13.9
Maximum Depth (dmu) (ft) 3.756
Width (;;ﬂood prone area >100
Entrenchment Ratio (ER) >3.0
Water Surface Slope (S} (ft/ft) 0.004
Sinuosity (stream 11
length/valleylength) (K) .

| DIMENSION DATA

| Pool Depth (ft) 2.9
Riffle Depth (ft) 2.3-24

| _Pool Width (ft) 26-35
Riffle Width (ft) 28-32

| Pool XS Area (sf) 70-75

|_Riffle XS Area (sf) 67-75
Pool depth/mean riffle depth 1.2-1.3
Pool width/riffle width 0.9-1.1
Pool area/riffle area 0.9-1.1
Max pool depth/dys 1.9-2.0
Low bank height/max bankfull 1012
depth SR
:\gasa)n Bankfull Velocity (V) 3.6-5.0
Bankfull Discharge (Q) (cfs) 260-270
PATTERN DATA

| Meander length (Lp) (ft) 110-200
Radius of curvature (Rd) (ft) 30-70
Belt width (W) (ft) 300
Meander width ratio
(Wi W) o107
Radius of curvature/bankfull
width 1.0-25
Meander length/bankfull
width 3.5-71
PROFILE DATA
Valley slope 0.0045
Average water surface slope 0.004
Riffle slope 0.005-0.009
Pool slope 0.000-0.0025
Pool to pool spacing 25-90
Pool length 5-25
Riffle slope/avg water surface 1323
slope i
Pool slope/avg water surface
slope 0.0-0.6
I}g: eslope/avg water surface 0712

| Run depth/dy,s 1.0-1.1
Pool length/banidull width 0.2-0.9
Pool to pool spacing/bankfull 0.8-30

Criteria



Richland Creek
Reference Site

Cross Section

1 at 080 Riffie Richland Creek Reference Reach

100 ey e e e e e e oy S r—— =y mrp—

Bvation (ft)

Width from River Left to Right (ft)

L= 1M 1 at 0+00

100.00

_ba full |top of bank|
5.92 5.53 300.0
94.08 94.47

Elg

TF [y

Riffle
Richland Creek Reference Reach
Richland Creek

Nas

e

0.035

e

30.8 |width
37 d max 23 radi
41 bank ht 127  |w/d ratio
300.0 |W flood prone area 9.7 ent ratio
4.0 velocity (ft/sec)
301.8 [discharge rate, Qcfs)
0.43  |shear stress ((Ibs/ft si
0.47  [shear velocity (f/sec)
1.834  |unit stream power (Ibs/ft/sec)
0.21 Foude number
86 friction factor wu*
25.9 reshold grain size (mm)
9 ;maasu'ed D84 (mm)
78.7 |relative roughness | 136 | fric. factor

0.022 nni channel material




Richland Creek

Cross Section

Reference Site

2 at 045 Pool Richland Creek Reference Reach
a7 T T
96 _ -
95 4
€ 94
§ 93
& 92
a1
90
89 -
0 10 20 30 40 50 60 70
Width from River Left to Right (ft)
FTYST 2 at 0445
Pool
Richland Creek Reference Reach
Richland Creek

0.00 [shear stress ((Ibs/ft s}

0.00 |[shear velocity (ft/sec)

0-0 [threshold grain size (mm)

n--.-.-......-----.-..-.m




""“Richland Creek"
Reference Site

Cross Section

3 at 070 Riffle Richland Creek Reference Reach
100
98 — SeEs — -
g _—————
g - e ———— e _— =
L]
38 48 58 68 78 88
Width from River Left to Right (ft)

_section: k¥ {]

Riffle
Richland Creek Reference Reach
Richland Creek

- description:

height of instrument (f): BT

4.4 : 2 300.0

velocity (fUsec)
discharge rate, Qcfs)
0.41 [shear stress ((Ibs/ft s

measured D84 (mm)
84.0 relative roughness 13.8 | fric. factor |
anning n from channel material

Essssssssnsssssasasnsnnnnnnnnnnspf




Bvation (ft)

100

&

Richland Creek
Reference Site

4 at 188 Run Richland Creek Reference Reach

10

Width from River Left to Right (f)

% D8

Run

Richland Creek Reference Reach
Richland Creek

94.86
93.35
92.71
92.82 %s%_a- ;
92.28 . wsection area 1.8 4J mean
91.96 36.8 |width 40.2 wet P
91.44 36 |dmax 16  hydradi
91.33 57 |bank ht 20.7 wid ratio
91.4 300.0 |W fiood prone area 8.2 ent ra_ﬁo
91.32
90.8
90.47 3.2
90.17 210.0
89.9 0.30 |shear siress ((Ibs/ft sy
89.75 0.40  |[shear velocity (ft/sec)
89.78 1.068 |unit stream power (Ibs/ft/sec)
90.17 0.18  |Foude number
95.4 8.1 friction factor u/u*
95.85 17.7 threshold grain size (anJ
95.62
551 [Check Trom channel matenal
94.88 9 |measured D84 (mm)
94.84 57.7 |relative roughness | 12.9 | fric. factor
94.7 0.022 |Enniﬁs n from channel material




Cross Section

Richland Creek

Reference Site

5 at 195 Pool Richland Creek Reference Reach
96 =
95 L\ - ==
94 ‘\\ e e
e ==t = s f =z
-\ S e
& 1 * J] -
90 =
89
88 -
-10 0 10 20 30 40 50 60 70 80
Width from River Left to Right (ft)
secﬁon:F_
Pool
Richland Creek Reference Reach
Richland Creek
description:
height of instrument (ft): 00.00
omit| distance B
notes t. ft ft elevation
0 04 94.96
94.63
D 94.27
6 93.67 imensions
6 92.35 78.3  [xsection area 25 mean
B 8.6 91.37 31.7  |width 34.3 wet P
@ 6 0.08 89.92 46 |dmax 2.3 yd radi
i 9 0.9 89.05 6.0 bank ht
0 0.9 89.08
G 89.36
0 89.69 ydraulics
RE 0.08 89.92
9 9 90.28
0 8 91.13 0.41 shear stress ((Ibs/ft s
B 91.33 0.46  [shear velocity (ft/sec)
8.19 91.81
6 93.28
65.29 93.71
0 94.5 24.9 |threshold grain size (mm)
95
09 94.91
60 06 95.04
9 95.08 |
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Appendix I
Sediment Transport
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Bld Rn Creek
Pte Cont
[Fte Cont %ted hannel Bate
Percent Riffle: Percent Run:
Percent Pool: Percent Glide: Pebble Count,
Material |oize Range (mm) weighted Bold Run Creek
siivclay 0 0.062 0.0 New Light Creek
very fine sand| 0.062 0.13 0.0 Wake County
fine sand| 0.13 0.25 0.0 Note: 0%
medium sandf|  0.25 0.5 0.0 |# =
coarse sand| 0.5 1 0.0 - S et
very coarse sand 1 2 0.0 e Hi ST o
very fine gravel 2 4 0.0 90% 't o0%
fine gravel| 4 6 0.0 "
fine gravel| 6 8 0.0 80% 1 180% %
medium gravel|| 8 11 0.0 5 : &
medium gravell| 11 16 0.0 ) 1= R g
coarse gravel| 16 22 0.0 0% leox 3
coarse gravel| 22 32 0.0 Lo &
very coarse gravell 32 45 0.0 c 50% r—rr} 50% 3 §
very coarse gravelfl 45 64 0.0 g:'f : };:,:
small cobble 64 90 0.0 5 40% —T T 0% o
medium cobble] 90 128 0.0 = fains -
large cobblef 128 180 0.0 g B i Bl ﬁ
very large cobblel 180 256 0.0 @ 20% L oo =,
small boulder| 256 362 0.0 a RRL =
small boulderf| 362 512 0.0 10% | . | . | oot 10%
medium boulder| 512 1024 0.0 - i | R L1 . ittt ARt
large boulder] 1024 2048 0.0
very large boulder]{ 2048 4096 0.0 o o : o Lico 100 i
weighted particle count. 0.0 particle size (mm) |~ weighted percent —— riffle —— pool —s—run —e—glide = % of particles |
bedrockf 0.0 [based on size percent less than (mm) particle size distribution
clay hardpanl 0.0 sediment D16 D35 D50 D65 D84 D95 gradation geo mean std dev
detritus/wood|f 0.0 particles only 0.000 0.00 0.0 0 0 0 - — —-
artificial 0.0 based on percent by substrate type
weighted total count: 0 total count silt/clay sand gravel cobble  boulder bedrock hardpan wood/det artificial




Bld Rn Creek
Pte Cont

Riffle Pebble Count,

Riffle #» Conot
Material ||Size Range (mm]_

Bold Run Creek

Count ||
silt/clay 0 0.062 14 New Light Creek
very fine sandl| 0.062 0.13 Wake County
fine sand| 0.13 0.25 Note:
medium sand| _ 0.25 0.5 O
coarse sandl 0.5 i I Riffle Pebble Count, Bold Run Creek
very coarse sand|| 1 2 1
very fine gravel| 2 4 7 100%
fine gravel| 4 6 7
finegravel| 6 8 7 90%
medium gravelll 8 11 12 Iy 80%
medium gravelf| 11 16 6 =
coarse gravell 16 22 s 70% =
coarse gravel| 22 32 S 60% g
very coarse gravel| 32 45 = . o
very coarse gravel| 45 64 g 0% §
small cobble 64 90 ﬁ 0% 3
medium cobble 90 128 @ 5 o
large cobblef] 128 180 A )
very large cobbleff 180 256 0% i
small boulder| 256 362 , ! v
small boulder] 362 512 0% 1 '_ LN R
medium boulder| 512 1024 0% ; 3 1113 . . — o
large boulder] 1024 2048 0.01 0.1 1 10 100 1000 10000
very large boulder] S
fotal particle count: particle size (mm) |—m—cumulative % = #of particles |
bedrock| size peroanf Tess than {mm) paﬁlae Size distnbution
clay hardpan| D16 D35 D50 D65 D95 radation _geo mean _ std dev
detritus/wood|| particles only 2.000 7.37 11.7 20 74 : 8.7
ificial Yy SUDSIT
total count: total count silt/clay sand gravel cobble beglr’.?ck hardpan wood/det artificial
A % 0% 0% |




....l...lll..T..l.......................l....]

Bld Rn Creek
Pte Cont

Bol Fte Cont Pool Pebble Count,
‘_WWW] Tount | Bold Run Creek
silUclay 0 0.062 51 New Light Creek
very fine sandl| 0.062 0.13 Wake County
fine sand| 0.13 0.25 2 Note:
medium sand||  0.25 0.5 2
coarse sand| 0.5 1 16 Pool Pebble Count, Bold Run Creek
very coarse sandf| 1 2 11 100% ' = r 60
very fine gravel| 2 4 1 ezl
fine gravell| 4 6 2 0%
finegravel| 6 8 2 80% T 50
medium gravel| 8 11 6
medium gravel 11 16 3 c 70% 1 [ 40 2
coarse gravel| 16 22 2 £ 60% 3
coarse gravelf 22 32 1 5 ° ; g
very coarse gravel| 32 45 E 50% - ! | L 30 2,
very coarse gravell 45 64 1 B e | Lot Vo1 b | 2
small cobble] 64 90 8 40% . . : Lo L ! v g
medium cobble 90 128 & 30% ! b A 4 tdn '42¢
large cobbl 128 180 i N Y ny i
very large cobblef 180 256 20% | i e f ety el
small boulder]| 256 362 . ] : i
small boulder] 362 512 10% - 444 e gae b = b |
medium boulder| 512 1024 . L 3 T LR REE B |
large boulded| 1024 2048 0% ' pe—t . ‘ *o
very large boulder]| 2048 4096 0.01 0.1 1 10 100 1000 10000
total particle count: 100 particle size (mm) —=—cumulative % = #of particles
bedrock]f based on size percent less than (mm) particle size distribution
clay hardpan| sediment D16 D35 D50 D65 D84 D95 gradation geo mean std dev
delri!us!wocd[ . particles only 0.062 0.06 0.1 1 5 14 40.0 0.6 8.9
artificiallf based on percent by substrate type
total count: 100 total count silt/clay sand gravel cobble  boulder bedrock hardpan wood/det artificial
51% 31% 18% 0% 0% 0% 0% 0% 0%




s Point / Side BAR-BULK MATERIALS SAMPLE DATA: Size Distribution Analysis “Party: BH, AS
u Location: Bold Run Site - Pavement 1 |[Date:15 Aug 2005 [Notes:
. === = Ol D= D= D O D
i Sieve Size (mm) || Sieve Size (mm) || Sieve Size (mm) || Sieve Size (mm) | Sieve Size (mm) || Sieve Size (mm) f Sieve Size (mm) }f Sieve Size (mm) | Sieve Size (mm) | Sieve Size (mm)
M <20 0 4.0 8.0 6.0 64.0 8.0 6.0 256.0 SURFACE
P [[[Tare Weight (oz) [ Tare Weight (oz) | Tare Weight (oz) | Tare Weight (oz) | Tare Weight (oz) | Tare Weight (oz) | Tare Weight (oz) | Tare Weight (oz) | Tare Weight (oz) | Tare Weight (oz) MATERIALS
L
Total Weight E 29 ! 4 4 49 48 iy
Before S Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights ( Two Largest Particles)
Sieving (0z) Total | Net || Total | Net || Total | Net || Total | Net || Total | Net || Total | Net || Total | Net || Total | Net || Total | Net || Total | Net
1 38.0 9.0 46.0 35 0.0 5.0 8.0 11.0 M 225 6.0 75
2 0.0
3 0.0
4 0.0
+ Materials
? 0.0 Weight
6 0.0
7 0.0 Bucket
Tare
8 00 Weight
9 0.0
10 0.0 Ma!erials
Weight
" 0.0 (Materials less than:
12 0.0 _ mm)
13 0.0 Be Sure to Add
14 0.0 Separate Material
Weights to Grand
15 0.0 Total
Net Wt. Total 9.0 35 5.0 1.0 225 75 0.0 0.0 0.0 0.0 58.5 |
% Grand Tot. | 15.4% 6.0% 8.5% 18.8% 38.5% 12.8% 0.0% 0.0% 0.0% 0.0% \'\\
IAccum. % =< || 15.4% fl——|| 21.4% |—|| 29.9% ||—>|| 48.7% ||—— || 87.2% 100.0% 100.0% ||— || 100.0% ||— {| 100.0% j}—— || 100.0% GRAND TOTAL
SAMPLE WEIGHT
NOTES |




Br Sam Siew Aalyis J g
_ ve | Weight Percent
Passed (mm) | (oz) | % Item | Finer Than
2.0 9 15.4% 15.4%
4.0 a5 6.0% 21.4%
8.0 5.0 8.5% 29.9%
;13(152 ;;g ;g‘g:f’ g?‘{-;z" Bar Sample Sieve Analysis
- . . 0 . (]
64.0 7.5 12.8% | 100.0% ‘ {Sands | > [Gravels >« Cobbles
128.0 0.0 0.0% 100.0% 100% (R T ! T - : "
256.0 0.0 0.0% 100.0% 90% T N ‘i‘ T T I
>256.0 0.0 | 0.0% | 100.0% | _ 80% T — T
Total] 565 | 100% 1l g 70% — "l : T
e 60% I TR T S =IREY 1 Ill.l
: A ‘.: bl
E 50% D i T _u'._-_,l
£ on .: >
5 30% e T He
20% LR i
10% 1 ] FEE Civad S I_:"' = ¥
(L Il i
0% l b i e L H L I L i ¢
0.1 1 100 1000 10000
Particle Size (mm)
[—#— Cumulative Percent @ Percent Item |
~gravel | cobble | boulder |
85% 09 — -




" Point / Side BAR-BULK MATERIALS SAMPLE DATA: Size Distribution Analysis ”Party: BH, AS |
u Location: Bold Run Site-Bar 1 |iDate: 15 Aug 2005~ |Notes: |
: «—sqy—sq) QHQqu«:QMQHQHQ
S - [
A
M
P SURFACE
L MATERIALS
Total Weight E DATA
Before S Sample Weights Sample Weights Sample Weights ‘ Sample Weights Sample Weights Sample Weights Sample Weights ‘ Sample Weights [ Sample Weights Sample Weights ( Two Largest Particles)
Sieving (0z) Total | Net || Total | Net || Total | Net I Total | Net || Total | Net || Total | Net I Total | Net || Total | Net || Total | Net || Total | Net
1 | 170.0 [ 141.0 [REININ 37.5 N 270 [ETNE 370 AW 1245 [RZEIM 1975 [No.| Dia. | wr. |
2 1330 | 780
3 133.0 | 680
4 Bucket
+ Materials
) 0.0 Weight
6 0.0
7 0.0 Bucket
Tare
8 00 Weight
9 0.0
10 0.0 Mat'erials
Weight,
1 0.0 (Materials less than:
12 0.0 _  mm)
13 0.0 Be Sure to Add
14 0.0 Separate Material
Weights to Grand
15 0.0 Total
367.00 Net Wt. Total || 141.0 375 27.0 37.0 124.5 1975 | 0.0 0.0 0.0 00 [ 564.5 |
% Grand Tot. || 25.0% 6.6% 4.8% 6.6% 22.1% 35.0% 0.0% 0.0% 0.0% 0.0% \4'\\
IAccum. % =< || 25.0% [l—> || 31.6% 36.4% 43.0% [—> || 65.0% 100.0% 100.0% 100.0% 100.0%||l—— || 100.0% GRAND TOTAL
SAMPLE WEIGHT
NOTES |

Josh:C/My Documents/Class Files/RAM/Forms/RAM Forms.xls Wildland Hydrology 9/00



Gravels

Bar Sample Sieve Analysis

> &

e
[)
o

O

e

=

2

]

«{ Cobbles |»«—| Boulders |—> «{ Bedrock |—

uey| Jsui4 Jusdiad

25.0%
31.6%
36.4%
43.0%
65.0%
100.0%
100.0%

100.0%
100.0%

25.0%
6.6%
4.8%
6.6%

22.1%

35.0%

0.0%
0.0%
0.0%
100%

(0z) | % Item | Finer Than

141
37.5
27.0
37.0
124.5
197.5

0.0
0.0
0.0

564.5

2.0
4.0
8.0
16.0
31.5
54.0

Smallest Sieve | Weight

Passed (mm)

Br Sajm Siew Aalgis

Total:

64.0
70.0
90.0

10000
—i— Cumulative Percent ¢ Percent ltem 1

100

Particle Size (mm)

10

Jess than (mm)

D

D35

6

Size percent

0.1

D16
6.5




5 Point / Side BAR-BULK MATERIALS SAMPLE DATA: Size Distribution Analysis ||Party' BH, AS
u Location: Bold Run Site - Pavement 2 ||Date:15 Aug 2005 [Notes:
: — = = == o=l D= o= Do S o
i Sieve Size (mm) {| Sieve Size (mm) |l Sieve Size (mm) |l Sieve Size (mm) |l Sieve Size (mm) || Sieve Size (mm) || Sieve Size {(mm) § Sieve Size (mm) | Sieve Size (mm) § Sieve Size (mm)
M <20 0 4.0 8.0 6.0 64.0 8.0 6.0 2 0 S
P Il Tare Weight (oz) || Tare Weight (oz) || Tare Weight (oz) || Tare Weight (oz) | Tare Weight (oz) | Tare Welght (oz) || Tare Weight (oz) | Tare Weight (oz) | Tare Weight (0z) f Tare Welnht (02) M :TRI’EFFQEES
L
Total Weight E 49 DATA
Before S ||| Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights | ( Two Largest Particles)
Sieving (0z) Total | Net |[ Total | Net || Total | Net || Total | Net |[ Total | Net || Total | Net || Total [ Net |[ Total | Net [ Total [ Net |[ Total [ Net
1 ][ 400 | 110 [MECKIN 55 o HEZE o IEEN o0 B 20 IEE [No.| Dia. | wr. |
2 0.0 Bl 350 | 1160
3 0.0 B s0 | 1120
4 0.0 Bucket
+ Materials
& 00 Weight
6 0.0
7 0.0 Bucket
Tare
8 0.0 Weight
9 0.0
10 0.0 Materials
Weight
1 0.0 (Materials less than:
12 0.0 mm.)
13 0.0 Be Sure to Add
14 0.0 Separate Material
Weights to Grand
15 0.0 Total
Net Wt. Total || 11.0 55 7.0 13.0 105 435 0.0 0.0 0.0 00 | 905 ||
% Grand Tot. || 12.2% 6.1% 7.7% 14.4% 11.6% 48.1% 0.0% 0.0% 0.0% 0.0% \:'\\
[Accum. % =< 12.2% |[[——|| 182% |[[—>|] 26.0% ||——>|| 40.3% ||—> || 51.9% [ || 100.0% 100.0% 100.0% ||—— || 100.0% ||-——— || 100.0% GRAND TOTAL
SAMPLE WEIGHT
NOTES




\Br Sajm Siew Aalyis ] i |5
Smallest Sieve | Weight Percent
| Passed (mm) | (0z) | % item | Finer Than
2.0 11 12.2% 12.2%
4.0 5.5 6.1% 18.2%
8.0 7.0 7.7% 26.0%
;?g Igg 1411.;3: 22‘32/6 Bar Sample Sieve Analysis
7, 3 0 ‘. 0
64.0 435 | 48.1% | 100.0% - ¢ {Sands] >« [Gravels ——— Cobbles (——-IBou-‘dsrs |—-><-—{ Bedrock |—>
1280 0.0 | 0.0% | 1000% e Y B T
256.0 0.0 | 00% | 100.0% 00% T U i A S R
> 256.0 0.0 | 0.0% | 100.0% 80% — T —— T T
Totak] 90.5 | 100% § 70% e -
e = LI R BN e gl o
E 60% PO e P = A=t ST i
oty L4 +
§ 0% =t 4=t T
§ oo —— b -
20% e I_ ' :l__ill 1'
10% R REE e .
0% 1 o e e L O | il
0.1 1 10
Particle Size (mm)
|—#— Cumulative Percent @ Percent ltem |
Size
D16 D35
3.1 12.4




s Point / Side BAR-BULK MATERIALS SAMPLE DATA: Size Distribution Analysis | Party: BH, AS
U Location: Bold Run Site - Sub-Pavement 1 |[Date:15 Aug 2005  |Notes:
: e TS e
S i =
1
M |
P SURFACE
Tare weioht () Tere Wa'uht (02)f Tare Weiﬂhf (0z) | Tare Wﬂﬂ"‘ (02) Ters Woign o) Tre Wogh (o) Taro Wogh (2 Tero Weigh (2 MATERIALS
L
Total Weight E 42.5 49.5 48.5 DATA
Before S Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights | Sample Weights Sample Weights ( Two Larg est Particl es)
Sieving (0z) [ Total | Net || Total | Net |[ Total | Net [ Total | Net || Total | Net || Total | Net || Total | Net || Total | Net || Total | Net || Total | Net
1 |[ 1880 | 150.0 EIIXN 655 [MELLM 51.0 AN 67.0 N 685 [MEIUIN 355 [No.| Dia. | wr. |
2 0.0 Bl o0 | 380
3 0.0 88.0 280
4 0.0
+ Materials
5 00 Weight
6 0.0
T 0.0 Bucket
Tare
8 0.0 Weight
9 0.0
10 0.0 Mat.erials
[Weight
" 0.0 (Materials less than:
12 0.0 _ mm)
13 0.0 Be Sure to Add
14 0.0 Separate Material
Weights to Grand
15 0.0 Total
Net Wt. Total 159.0 65.5 51.0 67.0 68.5 35.5 0.0 0.0 0.0 0.0 446.5 ||
% Grand Tot. || 35.6% 14.7% 11.4% 15.0% 15.3% 8.0% 0.0% 0.0% 0.0% 0.0% il\\
IAccum. % =< 35.6% [[——|| 50.3% |/ || 61.7% |—>|| 76.7% |—> || 92.0% [|—= || 100.0% ||—> || 100.0% [}——— || 100.0% ||——> || 100.0% ||—— || 100.0% GRAND TOTAL
SAMPLE WEIGHT
NOTES | | !
o . [ !
| I ‘
[ IS N - _ _
il




Br Sajm Siew Aalgis
[Smallest Sieve | Weight Percent JEnid Bold Run Creek - Sub-Pavement #1
Passed (mm) | (0z) | % item | Finer Than L ELGIELERH New Light Creek - Neuse River
2.0 159 35.6% 35.6%
4.0 65.5 14.7% 50.3%
8.0 51.0 11.4% 61.7%
16.0 67.0 15.0% 76.7%
31.5 68.5 15.3% 92.0%
64.0 355 8.0% 100.0%
128.0 0.0 0.0% 100.0% 100% R S r
256.0 0.0 0.0% 100.0% 90% = A T
>2560 | 0.0 | 0.0% | 1000% _ 80% .
[ Total] 4465 ] 100% g 0% e r
. B0% i P I i RN 1 :
g Lf A I YR O T L
£ oo -
R L T
$ W% N B R
20% AT i
10% T -
0% ) 1 | e S 8 L
0.1 1
Particle Size (mm)
|—— Cumulative Percent @ Percent ltem |




& Point / Side BAR-BULK MATERIALS SAMPLE DATA: Size Distribution Analysis Jh’arty: BH, AS {
U Location: Bold Run Site - Sub-Pavement 2 ”Date:1 5 Aug 2005 Iﬁlotes: ]
B (‘_')Q( )Q( )Q<‘,=>q>< )Q( )Q(\—J)QHQHQ<=>
i Sieve Size (mm) || Sieve sm (mm) | Sieve Size (mm) Sieve Size (mm) Sieve Size (mm) | Sieve Size (mm) Sieve Size (mm) | Sieve Size (mm) | Sieve Size (mm) || Sieve Size (mm)
M
P SURFACE
’ | Tare We|ght (02))l Tare Welght (0z) ] Tare Weight (02) || Tare Weight (0z)}] Tare Welght (0z)}| Tare We‘lght (0z) || Tare Welght (0z)]] Tare Welght (0z) |} Tare Welﬂhl (02)]} Tare Wélsht (02) MATERIALS
Total Weight E 29 25 49.5 485 DATA
Before S Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights Sample Weights ( Two Largest Particl es)
Sieving (0z) Total | Net | Total | Net || Total | Net | Total | Net || Total [ et [ Total [ Net || Total | Net || Total [ Net || Total | Net || Total | Net
1 ][ 760 T 470 NN 135 [EZEM o0 o IEXH 30 IEXR 1040 BEE [No.| Dia. | wr. |
2 0.0 350 | 1.0
3 0.0 150 | 10
4 0.0 Bucket
+ Materials
5 0.0 Weight
6 0.0
7 0.0 Bucket
Tare
8 0.0 Weight
9 0.0
10 0.0 Ma!erials
Weight
" 0.0 (Materials less than:
12 0.0 mm.)
13 0.0 Be Sure to Add
14 0.0 Separate Material
Weights to Grand
15 00 | Tota
Net Wt. Total || 47.0 135 9.0 25.0 285 55.5 0.0 0.0 0.0 00 | 1785 |f
% Grand Tot. || 26.3% 7.6% 5.0% 14.0% 16.0% 31.1% 0.0% 0.0% 0.0% 0.0% \l'\\

IAccum. % =< || 26.3% [l—>|| 33.9% ||| 38.9% [|—|| 52.9% 68.9% 100.0% 100.0% J|— || 100.0% |—> || 100.0% }}——— || 100.0% GRAND TOTAL
SAMPLE WEIGHT
—— }

NOTES |




Sajm Siew Aalgis
Smallest Sieve | Weight Percent
Passed (mm) | (0z) | % ltem | Finer Than c
2.0 47 26.3% 26.3% (11101 W Sub-Pavement #2
3.0 135 | 7.6% 33.9% Note:
8.0 9.0 5.0% 38.9%
189 260 1 14.0% 1 52.9% Bar Sample Sieve Analysis
31.5 28.5 | 16.0% 68.9%
64.0 55.5 | 31.1% | 100.0% 5 [Gravels | > <] Cobbles |»«—] Boulders |—> «{ Bedrock }—
128.0 0.0 0.0% 100.0% 100% - T TR P
256.0 0.0 0.0% 100.0% 90% - -
>2560 | 0.0 | 0.0% | 100.0% _ 80% -
Total:] 178.5 | 100% 5 0% $
aé 60% =
© 50%
£ 40% +
£ onf '
20% - :
10% 4— = =
o% . i, o1l S L 3
0.1 1 10 100 1000 10000
Particle Size (mm)
|—8— Cumulative Percent @ Percent ltem
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