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Executive Summary
1 Project Goals and Objectives

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

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

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

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

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

Improving agquatic habitat by enhancing stream bed variability.

The EEP is currently in Phase |1 of developing a Local Watershed Plan (LWP) in the Little Alamance,
Travis, and Tickle Creek watersheds with interested stakeholders. The LWP goals include both short- and
long-term strategies to restore, manage, and protect vital functions in the watershed. The Little Alamance
stream project was identified through the LWP process and the projects meet three of the six planning
godls, which include:

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

b) Improve water quality through stormwater management;

c) ldentify and rank parcels for retrofits, stream repair, preservation, and/or conservation.
2. Existing Amount of Streams and Wetlands
The existing length of Little Alamance Creek within City Park is approximately 2,636 linear feet. The
existing length of the Unnamed Tributary is approximately 422 linear feet. These distances were
measured aong the streams’ thalwegs within the project limits. There are no wetlands located on the

project site.

Bare root seedlings of tree and shrub species will be planted within the buffer at a density up to 555 stems
per acre (10-foot centers). Appropriate species on live stakes will be installed within the bankfull



channel. Planting will be performed between December and March to alow plants to stabilize during the
dormant period and set roots during the spring.

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

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

3. Amount of Streams and Wetlands Designed

The stream restoration will reduce the total stream length of Little Alamance Creek by approximately

3 feet, to alength of 2,633 linear feet. The reduction is the result of increasing the radius of curvature of
onetight bend near the ball field. The length of the unnamed tributary will not change. Jurisdictional
wetlands are not proposed as part of this mitigation design.



1.0 Project Site Identification and L ocation

The project islocated in City Park in the City of Burlington, Alamance County, North Carolina
(Figurel).

Directions to Project Site

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

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

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

12 NCDWQ River Basin Designations

Little Alamance Creek and its unnamed tributary are located in the Cape Fear River Basin. The
information presented in the following section is derived from the Cape Fear Basinwide Assessment
Report (NCDWQ 2005a). The Cape Fear River Basin drains the middle portion of North Carolina and
includes portions of 26 counties and 115 municipalities. It isone of four river basins completely
contained within North Carolina state boundaries. It isthe state's largest river basin (9,322 square miles)
and flows southeast from the north-central Piedmont region near Greenshoro to the Atlantic Ocean near
Wilmington (NCDWQ 20053).

2.0 Watershed Characterization
21 Drainage Area

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

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

Major point sources of contaminants that contribute to the degradation of water quality in the drainage
area are stormwater culverts draining city streets. These culverts carry al contaminants deposited by



vehicles and residents on city streets to the stream system. Non-point sources included runoff from
residential yards. Runoff from residentia yards includes fertilizers, herbicides, and pesticides.

2.2 Surface Water Classification

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

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

2.3 Physiography, Geology and Soils

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

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

24 Historical Land Uses and Development Trends

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



25 Endangered and Threatened Species

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

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

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

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

251 Biological Conclusion

The proposed restoration project will have no effect on federally listed threatened or endangered species.
25.2  Federa Designated Critical Habitat

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

25.3 Habitat Description

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

254 Biological Conclusion

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

A formal letter was sent to the USFWS on April 10, 2007, requesting a site review. ARCADIS has not
received a response to date from USFWS. A formal letter was sent to North Carolina Wildlife Resources

Commission (NCWRC) on April 10, 2007, requesting a site review. The NCWRC recommend
preserving as many mature trees as possible (ARCADIS 2007).



2.6 Cultural Resources

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

2.6.1 Potentia for Historic Architectura Resources

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

2.6.2 Potentia for Archaeological Resources
No potential archaeological resources were identified at the City Park site.
26.3 SHPO/THPO Concurrence

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

2.6.4  Other Compliance Issues
There are no other compliance issues associated with this site.
2.7 Constraint Analysis

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

2.7.1  Property Ownership and Site Access

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

2.7.2  Environmental Screening

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



2.7.3 Utilities and Easements

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

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

2.74 FEMA / Hydrological Trespass

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

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

3.0 Project Site Streams (Existing Conditions)

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

Little Alamance Creek flows through a maintained park setting, with several large mature trees outside
the stream banks. A paved walking trail winds among the trees and crosses Little Alamance Creek in five
locations. The mgority of the park is regularly mowed. However, the City recently implemented ano
mow policy on the stream banks and 10 to 20 feet beyond the top of the stream bank. The intent of the no
mow areaisto allow abuffer to reestablish naturally along the stream. An amusement train railway
crosses the stream in two locations in this area. Downstream of the amusement train railway, the stream
flows south of a historic carousel and then north of a baseball/softball field. Little Alamance Creek then



exits the site under Overbrook Road. A beaver dam was identified near the downstream end of the project
after the detailed stream survey. The design sheets do not show the beaver dam and associated backwater.

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

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

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

3.1 Channdl Classification

Little Alamance Creek is classified as a C/E5/1 stream type. The C5 stream type is a slightly entrenched,
meandering, sand dominated, riffle/pool channel with a well developed floodplain (Rosgen 1996). The
ES5 stream type is characterized by low to moderate sinuosity, gentle to moderately steep gradients with
very low channel width to depth ratios (Rosgen 1996). The substrate of an E5/1 or C5/1 stream typeis
comprised mainly of sand, with the occurrence of bedrock. The hybrid classification given to Little
Alamance Creek reflects the range of channel dimensions found throughout the site.

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



3.2 Dischar ge (bankfull, trends)

The bankfull discharge was determined by first calculated the streams average velocity. Using the
Manning's equation with a calculated Manning’s “n” value of 0.054 ft ¢, the average velocity for the
channel is 2.5 feet per second. Applying this velocity over the average cross sectional area of the channel
(95.0 square feet [ft?]), a discharge of 237.5 cubic feet per second (cfs) is calculated. This discharge was
then compared to the revised North Carolina Rural Curves developed by Haywood County Natural
Resources Conservation Service. Based on the curve the bankfull discharge for a4.2 square mile
drainage areais approximately 188.0 cfs. Thisvaueislessthan calculated discharge. However, aswith
the bankfull cross sectional area discussion above, the bankfull discharge taken from the regional curveis
expected to be lower than the actual stream discharge because of the urban setting. The calculated
discharge islikely to be more accurate than the discharge determined by the regiona curves since it
reflects actual on site conditions.

3.3 Channel Morphology (Pattern, Dimension, Profile)

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

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

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

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

The particle size distribution of Little Alamance Creek’s substrate is:
Dig= 02mm D3x=07mm Dg=24mm Dg =138.0 mmDg = 216.0 mm



The particle size distribution of the Unnamed Tributary’ s substrate is:
Dig= 02mm D3x=05mm Dg=34mm Dg=19.0mm Dg=53.0 mm

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

34 Channé Stability Assessment

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

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

35 Bankfull Verification

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

3.6 Vegetation

Dominant woody vegetation observed on site includes: willow oak (Quercus phellos), sweet gum
(Liquidambar styraciflua), tulip popular (Liriodendron tulipifera), red maple (Acer rubrum), white
mulberry (Morus alba), tag ader (Alnus serrulata), Chinese privet (Ligustrum sinense ), American em
(Ulmus Americana), black willow (Salix nigra), weeping willow (Salix babylonica), eastern red cedar
(Juniperus virginiana), green ash (Fraxinus pennsylvanica), box elder (Acer nugundo), redbud (Cercis
canadensis), trumpet creeper (Campsis radicans), mimosa (Albizia julibrissin), persmmons (Diospyros
virginiana), winged elm (Ulmus alata), Virginia creeper (Parthenocissus quinguefolia), tree of heaven
(Ailanthus altissima), Flowering dogwood (Cornus florida), river birch (Betula nigra), Virginiapine
(Pinus virginiana), and poison ivy (Toxicodendron radicans).



Herbaceous vegetation on site includes various jewel weed (Impatiens capensis), poke weed (Phytolacca
americana), Japanese stiltgrass (Microstegium vimineum), tear-thumb (Polygonum saggitafolia), false
nettle (Boehmeria cylindrica), dodder vine (Cuscuta gronovii), and fescue grasses (Festuca sp.).

4.0 Reference Streams

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

4.1 Water shed Char acterization

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

4.2 Channdl Classification

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

43 Dischar ge (bankfull, trends)

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

4.4 Channel Morphology (pattern, dimension, profile)

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

45 Channel Stability Assessment

Visual assessments of channel stability were made during the site visit to each reference stream. In
general, the banks of al the reaches assessed appeared to be stable. However, areas of bank erosion were



observed at al the sites, including the newly restored sites. The cross section measurements were taken at
stable sections well outside the influence of the bank erosion aress.

4.6 Bankfull Verification

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

47 Vegetation

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

5.0 Project Site Wetlands

There are no wetlands present on the site.

6.0 Project Site Restoration Plan

6.1 Restoration Project Goals and Objectives

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

6.1.1 Designed Channel Classification

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

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

Bare root seedlings of tree and shrub species will be planted within the buffer at a density up to 555 stems
per acre (10-foot centers). Appropriate species on live stakes will be installed within the bankfull

channel. Planting will be performed between December and March to allow plants to stabilize during the
dormant period and set roots during the spring. Existing non-native exotics within the proposed buffer
will be removed during construction. Exotic trees and shrubs will be removed with construction
equipment or cut and the stumps treated with an appropriate herbicide.

6.2  Sediment Transport Analysis

Sediment transport analysis is used to predict if the designed channel will be able to move the bedload
that is supplied to the channel. 1t compares the proposed channel morphological parametersto the bed
load material in the channel and determines if the proposed channel is capable of moving the material.

6.21  Methodology

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

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

The calculated shear stress for the proposed Little Alamance Creek is 0.37 1b/ft* (see cal culations below).
The particle size moveable at this shear stress according to the Shields curve is 80 mm. The largest
particle from the pavement sample is 80 mm. These particles areidentical in size.

e = «RS Where e

bankfull shear stress (Ib/ft?)

specific weight of water (Ibg/ft®)

R = hydraulic radius of bankfull channel (ft)
S = average water surface slope (ft/ft)

o = 62.4 Ibs/ft® x 2.5 ft x 0.0024 ft/ft
= 0.37 |b/ft?

The calculated shear stress for the proposed unnamed tributary is 0.71 1b/ft* (see calculations below). The
particle size moveable at this shear stress according to the Shields curve is 55 mm. The largest particle
from the pavement sample is 48 mm. These particles are very near the same size.

*=+RS Where = bankfull shear stress (Ib/ft?)
« = gpecific weight of water (Ibg/ft®)
R = hydraulic radius of bankfull channel (ft)
S = average water surface slope (ft/ft)

e = 62.4 Ibs/ft® x 1.2 x 0.0095t/ft
= 0.71b/ft?

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

6.3 HEC-RAS Analysis

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

6.3.1 Norise, LOMR, CLOMR

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

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

6.4.2  Device Description and Application

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

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

7.0  PerformanceCriteria

7.1 Streams

Success criteria need to be established to determine if the restoration project is meeting the designed goals
and objectives. These will include changes in the dimension, pattern, profile, bed material, and vegetation

over the 5-year monitoring period. Stream performance monitoring will be conducted following
protocols outlined in the US Army Corps of Engineers Stream Mitigation Guidelines (April 2003).
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711 Dimension

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

7.1.2 Pattern

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

713 Profile

The channel profile is not expected to significantly change over the monitoring period. The baseline
average water surface slope will be used as a measure of profile stability. The average water surface
slope will be determined by taking water surface elevation readings at the beginning and the end of the
monitored reach, at the same feature (head of riffle, head of poal, etc.), determining the elevation
difference between the two and dividing the difference by the stream length between the two features.
Another measure of channel profile stahility is pool-to-pool spacing. Thisis the stream distance between
the same features on sequential pools. The measurements are usually taken between heads of pools.
Basedline pool-to-pool spacing will be measured and recorded.

714 Materid

Usually the particle size distribution of the bed material becomes coarser as aresult of stream restoration.
Thisisaresult of adjusting the shear stress and stabilizing the existing stream banks. The changein the
substrate material will be measured over the 5-year monitoring period.

7.1.5 Photo Points

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

7.2 Stormwater Management Devices

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

7.3 Wetlands

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

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

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

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

7.5 Schedule/Reporting

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

Reach Drainage Area (Square Mile)
Little Alamance Creek 4.2
Unnamed Tributary 0.12
Total 4.2*
*Total drainage area for Little Alamance Creek measured at down stream end of
project.
Table 2. Land Use of Watershed,
Project Number 060685501 (L.ittle Alamance Creek)
Land Use Acreage Percentage
Urban Residential 2,150 80%
City streets, businesses,
light industrial and 538 20%

natural/undeveloped areas




TABLE 3: MORPHOLOGICAL CHARACTERISTICS OF THE EXISTING AND PROPOSED CHANNEL WITH GAGE STATION AND REFERENCE
REACH DATA (Adapted from Rosgen, 19986)

Restoration Site:
Reference Reach;

Little Atamance Creek, Burlinglon, NC
Benbow Park, Park @ Friendly, Brown Branch u/s

Benbow Park

Park @ Friendly

Brown Branch u/s

Reference Reference

Variables Existing Channel Proposed Reach Reach Reach Reference Reach
1. Stream Type C/ESN C4n C4 E4 CIE4
2. Drainage Area (sg. mi) 4.2 4.2 0.7 0.2 0.77

Mean: 38.2 Mean: 36.2 Mean: 20.9  Mean: 95 Mean: 15.1
3. Bankfull Width {Wbkf) ft Range: 31.8-425 Range: Range: Range: Range:

Mean: 2.6 Mean: 2.6 Maan: 1.7 Mean: 1.4 Mean: 1.6
4. Bankfull Mean Depth
{dbkf) ft Range: 22-29 Range: Range; Range: Range:

Mean: 14.0 Mean: 13.8 Mean: 12.4  Mean: 68  Mean: 93
5. Width/Depth Ratio
(Whkf/dbkf) Range: 11.6-17.0 Range: Range: Range: Range:

Mean: 95.0 Mean: 95.0 Mean; 353  Mean: 13.0 Mean: 24.3
6. Bankfull Cross-Sectional
Area (Abkf} sqg ft Range: 79.3-125.0 Range: Range: Range: Range:

Mean: 2.5 Mean: 25 Mean: * Mean: * Mean: *
7. Bankfull Mean Velocity
(Vbkf) fps Range: Range: Range: Range: Range:

Mean: 2375 Mean: 2375 Mean: * Mean: * Mean: *
8. Bankfull Discharge, cfs :
(Qbkf) Range: Range: . Range: Range: Range:

Mean: 4.0 Mean: 4.0 Mean: 3.1 Mean: 20 Mean: 26
9. Maximum Bankfull Depth
(dmax) ft Range: 39-41 Range: 3.9-41 Range: Range: Range:
10. Ratic of Low Bank Mean: 1.2 Mean: 1.0 Mean; 1.0  Mean: 1.4  Mean: 1.0
Height to Max. Bankfull
Depth (Bhlow/dmax) Range: 1.0-14 Range: Range: Range: Range:

Mean: 94.0 Mean: > 80.0 Mean: 40.0 Mean: 300 Mean: 30.0
11. Width of Flood Prone
Area (Wipa) ft Range: 70.0-120.0 Range: Range: Range: Range:

Mean: 2.6 Mean: =22 Mean: 1.9 Mean: 3.2 Mean: 2.0
12. Entrenchment Ratio
(Wipa/Whkf) Range: 21-38 Range: Range: Range: Range:

Mean: 361.0 Mean: 361.0 Meart: * Mean: * Mean: *
13. Meander Length {Lm} ft Range: 227.0-559.0 Range: 2270-559.0 Range: Range: Range:

Mean: 10.0 Mean: 10.0 Mean: * Mean: * Mean: *
14. Ratio of Meander Length
to Bankfull Width (Lm/Wbkf) Range: 6.3-15.4 Range: 6.3-154 Range: Range: Range:

Mean: 115.0 Mean: 115.0 Mean: * Mean: * Mean: *
15. Raduis of Curvature (Rc)
ft Range: 45.0-220.0  Range: 45.0-220.0 Range: Range: Range:
16, Ratio of Radius of Mean: 3z Mean; 3.2 Mean; * Mean: * Mean; *
Curvature to Bankfull Width
(RcAWDBK) Range: 1.2-6.1 Range: 1.2-6.1 Range: Range: Range:

Mean: 70.0 Mean: 70 Mean: * Mean: * Mean: *
17. Belt Width (Wbt} fi Range: 33.0-2550 Range: 33.0-255.0 Range: Range: Range:

Mean: 1.9 Mean: 1.9 Mean: * Mean: * Mean: *
18. Meander Width Ratio
{(WhItAWbk) Range: 0.9-7.0 Range: 0.9-7.0 Range: Range; Range:



19. Sinuosity (Stream
length/valley distance} (k}

20. Valley Slope (ft/ft)

21. Average Water Surface
Slope or Bankful Slope for
Reach (Sbkf or
Savg)={Svalley/k) ft / ft

22, Pocl Slope (Spool} fi /7t

23. Ratio of Pool Slope to
Average Slope (Spool/Shkf)

24, Maximum Pool Depth
{dpool) ft

25. Ratig of Maximum Pool
Depth to Bankiull Mean
Depth {(dpool/dbkf)

26. Pool Width (Wpoaol) ft

27. Ratio of Pool Width to
Bankfull Width (Wpool/Wbki)

28. Bankfull Cross-sectional
Area at Pool {Apool) sq ft

29, Ratio of Pool Area to
Bankfull Area (Apocl/Abkf)

30. Pool to Pool Spacing (p-
p)ft

31. Ratlo of Pocl-to-Pool
Spacing to Bankfull Width (p-
pANBkS)

32. Poal Length (Lp) ft

33. Ratio of Poot Length to
Bankfull Width {LpAVbki)

34. Riffle Slope (Sriffy ft / ft

35. Ratio of Riffle Slope to
Average Slope (Sriff/Sbkf)

36. Maximum Riffle Depth
{driff) ft

37. Ratio of Riffle Depth te
Bankfull Mean Depth
(driff/dbkf)

38. Ruan Slope {Srun) fi/ ft

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Meaan:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

1.2

0.0028

0.0024

0.0005
0.0-0.0015
0.2
0.0-08
6.1
56-6.9
2.3
21-27
37.6
323 -42.3
1.0
09-12
140.2
121.0 - 156.6
1.0
13-17
473.1
313.7 - 748.5
131
8.7-20.7
293.7
167.9 - 505.4
8.1
3.0-14.0
0.0126
0.0028 -
0.0254
5.2
1.2-10.6
4.0
3.9-41
1.5
1.5-16
0.0032
0.0 -0.0090

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range;

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean;

Range:

Mean:

Range:

Mean;

Range:

Mean:

Range:

1.2

0.0028

0.0024

0.0

0.0

6.1
55-69
23
21-27
3786
32,3-423
1.0
0.9-12
140.2
121.0 - 156.6
1.0
1.3-17
473.1
313.7-749.5
1341
8.7-207
2937
107.9 - 505.4
8.1
3.0-14.0
0.0126
0.0028 -
0.0254
52
1.2-108
4.0
3.9-41
1.5
1.5-186
0.0032
0.0-0.0090

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Maan;

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean;

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean;

Range:

Mean;

Range:

Mean:

Range:

Mean:;

Range:

Mean:

Range:

Mean:

Range:

Mean:;

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mear:

Range:

Mean:
Range:
Mean:
Range:

Mean:

Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:

Range:



Mean: 1.3 Mean: 1.3 Mean; * Mear: * Mean: *
39. Ratio of Run Slope to

Average Slope (Srun/Sbkf) Range: 0.0-37 Range: 0.0-3.7 Range: Range: Range:

Mean: NIA Mean: N/A Mean: * Mean: * Mean: *
40. Maximum Run Depth
(drun) ft Range: NIA Range: N/A Range: Range: Range:
41. Ratio of Run Depth to Mean: N/A Mean: N/A Mean: * Mean: * Mean: *
Bankfult Mean Depth
(drun/dbkf} Range: N/A Range: N/A Range: Range: Range:

Mean: 0.0039 Mean: 0.0039 Mean: * Mean: * Mean: *
42, Slope of Glide (Sgl}ft/#t  Range: 0.0-0.0107 Range: 0.0-0.0107 Range: Range: Range:
43. Ratio of Glide Slope to Mean: 1.6 Mean: 16 Mean: * Mean; * Mean; *
Average Water Surface
Slope {SglfSws) Range: 0.0-45 Range: 0.0-45 Range: Range: Range:

Mean: N/A Mean: N/A Mean: * Mean: * Mean: *
44, Maximum Glide Depth
(dgh) ft Range: N/A Range: N/A Range: Range: Range:
45. Ratlo of Glide Depth to Mean: NIA Mean: N/A Mean: * Mean: * Mean: *
Bankfull Mean Depth
{dgl/dbkf) . Range: N/A Range: N/A Range: Range: Range:

Mean: N/A Mean: N/A Mean; * Mean: * Mean: *
46. Step Slope {Sst) Range: NIA Range: N/A Range: Range: Range:
47. Ratio of Step Slope to Mean; NIA Mean; N/A Mean: * Mean: * Mean: *
Average Water Surface
Slope (Sst/Savg) Range: N/A Range: NIA Range: Range: Range:

Mean: N/A Mean: N/A Mean: * Mean: * Mean: *
48. Maximum Step Depth
(dst) Range: N/A Range: N/A Range: Range: Range:
49. Ratio of Step Deplh to Mean: N/A Mean: N/A Mean: * Mean: * Mean: *
Bankfull Mean Depth
(dst/dbkf) Range: NIA Range: N/A Range: Range: Range:

* Geomaorphic data not collected due to existing design
constraints. The majority of the work on site will consist of
Enhancement I. Ranges for restoration areas were
developed around the existing site constraints.

Materials:
Particle Size Distribution of
Channel Material (mm)

D16 ‘ 0.2 » . *
D35 0.7 * * *
D50 2.4 " * ¥
D84 138.0 * * *
Das 216.0 * * *
Particle Size Distribution of

Bar Material P Sp

D16 15.0 <2 ¥ * *
D35 22.4 <2 * > *
D50 29.8 <2 * * *
Da4 99.6 17.9 * * *
D95 1184 81.9 * M *

Largest Size Particte on Bar 80.0 * * *



Sediment Transport:

Sediment Transport
Validation {Based on
Bankfull Shear Stress}

Calculated value {(mm)} from
curve

Value from Shields Curve
{Ib/ft2)

Critical dimensionless shear
stress

Minirmal mean dbkf {ft)
calculated using critical
dimensionless shear stress
equations

Existing

30

0.43

0.021

1.6

Proposed

30

0.43

0.021

1.6

* Geomorphic data not collected due to existing design
constraints. The rmajority of the work on site will consist of
Enhancement I. Ranges for restoration areas were
developed around the existing site constraints.




TABLE 4: MORPHOLOGICAL CHARACTERISTICS OF THE EXISTING AND PROPOSED CHANNEL WITH GAGE STATION AND REFERENCE
REACH DATA {Adapted from Rosgen, 1996)

Restoration Site:
Reference Reach:

UT to Little Atamance Creek, Burlington, NC
Benbow Park, Park @ Friendly, Brown Branch u/s

Benbow Park

Park @ Friendly

Brown Branch u/s

Reference

Variables Existing Channel Proposed Reach Reference Reach Reach Reference Reach
1. Stream Type E4M C 4N c4a E4 C/IE4
2. Drainage Area (sq. mi) 0.12 0.12 0.7 0.2 0.77

Mean: 12.0 Mean: 12.0 Mean: 209 Mean: 9.5 Mean: 151
3. Bankfull Width {Wbkf}ft Range: 10.9-13.0 Range: 10.9-13.0 Range: Range: Range:

Mean; 1.3 Mean: 1.3 Mean: 1.7 Mean: 1.4 Mean: 16
4. Bankfull Mean Depth
{dbkf) ft Range: 11-15 Range: 1.1-1.5 Range: Range: Range:

Mean: 9.3 Mean: 9.3 Mean: 12.4 Mean: 6.9 Mean: 9.3
5. Width/Depth Ratio
(Whkf/dbkf) Range: 71-115 Range: 7.1-11.5 Range: Range: Range:

Mean: 15.8 Mean: 15.8 Mezn: 353 Mean: 13.0  Mean: 24.3
6. Bankfull Cross-
Sectional Area (Abkf)sq ft  Range: 14.8-16.7 Range: 14.8-16.7 Range: Range: Range:

Mean: 4.4 Mean: 4.4 Mean: * Mean: * Mean: *
7. Bankfull Mean Velocity
{Vbkf) fps Range: Range: Range: Range: Range:

Mean: 68.7 Mean: 68.7 Mean: * Mean: * Mean: *
8. Bankfull Discharge, cfs
{Qbkf) Range: Range: Range: Range: Range:

Mean: 20 Mean: 2.0 Mean: 3.1 Mean: 2.0 Mean: 286
9. Maximum Bankfull
Depth {dmax) ft Range: 2.0-21 Range: 20-21 Range: Range: Range:
10. Ratio of Low Bank Mean: 1.2 Mean: 1.0 Mean; 1.0 Mean: 14  Mean: 1.0
Height to Max. Bankfult
Depth {Bhlow/dmax) Range: 1.0-13 Range: Range: Range: Range:

Mean: 33.5 Mean: 33.5 Mean: 40.0 Mean: 30.0 Mean: 30.0
11, Width of Flood Prone
Area (Wipa) ft Range: 27.0-40.0 Range: 27.0-40.0 Range: Range: Range:

Mean: 28 Mean: 29 Mean: 1.9 Mean: 3.2 Mean: 2.0
12. Entrenchment Ratio
(Wipa/Whkf) Range: 21-3.7 Range: 21-37 Range: Range: Range;

Mean: 83.9 Mean: 83.9 Mear: * Mean: * Mean: *
13. Meander Length {Lm)
fi Range: 85.8-111.9 Range: 558-111.9 Range: Range: Range:
14. Ratio of Meander Mean: 7.0 Mean: 7.0 Mean: * Mean: * Mean: *
Length to Bankfull Width
{L.m/Wbkf) Range: 47-93 Range: 47-93 Range: Range: Range:

Meanr: 29.0 Mean: 29.0 Mean: * Mean: * Mean: *
15. Raduis of Curvature
{Rc) it Range: 15.0-55.0 Range: 18,0 - 55.0 Range; Range: Range:
16. Ratio of Radius of Mean: 2.4 Mean: 2.4 Mean: * Mean; * Mean: *
Curvature fo Bankfull
Width (Rc/Wbkf) Range: 1.2-46 Range: 1.2-46 Range: Range: Range:

Mean: 246 Mean: 2456 Mean: * Mean: * Mean: *
17. Belt Width (Whit) ft Range: 13.5-33.7 Range: 13.5-33.7 Range: Range: Range:

Mean: 2.0 Mean: 20 Mean: * Mean: * Mean: *
18. Meander Width Ratio
{(WhIt/"Whkf) Range: 11-28 Range: 1.1-28 Range: Range: Range:



19. Sinuosity (Stream
length/valley distance) (k)

20. Valley Slope (ft/ft)
21. Average Water
Surface Slope or Bankful
Slope for Reach (Sbkf or
Savg)=(Svalley/k) ft / fi

22. Pool Slope (Spoeol) ft /
ft

23. Ratio of Pool Slope to
Average Slope
{Spool/Sbkf)

24. Maximum Pool Depth
{dpool) ft

25. Ratio of Maximum
Poaol Depth to Bankfull
Mean Depth (dpool/dbkf)

26. Pool Width (Wpool) ft

27. Ratio of Pocl Width to
Bankfull Width
{(Wpool/MWbkf)

28. Bankfull Cross-
sectional Area at Pool
{Apool) sq ft

29. Ratio of Pool Area to
Bankfull Area (Apool/Abkf)

30. Poal to Pool Spacing
{(p-p) t
31. Ratio of Pool-to-Pool

Spacing to Bankfull Width
(P-pAWDKT)

32. Pool Length (Lp) f

33. Ratio of Pool Length
to Bankfull Width
(LpAWbKF)

34, Riffle Slope {Sriff) ft /
ft

35. Ratio of Riffle Slope
to Average Slope
(Sriff!Sbkf}

36. Maximum Riffle
Depth (driff) ft

37. Ratio of Riffle Depth
to Bankfull Mean Depth
(driff/dbkf)

38. Run Slope (Srun} ft /
ft

Mean:

Range:

Mean;

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range;

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean;

Range:

Mean;

Range:

Mean:

Range:

Mean:;

Range:

Mean:

Range:

1.1
N/A
0.0106
NfA
0.0095

N/A
0.0077
0.0-0.0174
0.8
0.0-1.8
2.4

1.8

6.1

05

9.5

0.6

34.1
23.4-548
2.8
2.0-486
18.2
4.0-183.0
1.5
0.3-138
0.0252
0.0145 -
0.0498
26
1.5-52
2.0
2.0-2.1
186
1.5-186
N/A
N/A

Mean;

Range:

Mean:

Range:

Mean;

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean;

Range:

Mean:

Range:

Mean:

Range:

1.1
N/A
0.0106
N/A
0.0095

N/A
0.0077
0.0-0.0174
0.8
00-1.8
2.4

1.8

6.1

0.5

9.5

0.6

34.1
23.4-54.8
2.8
20-46
18.2
4.0-163.0
1.5
063-13.6
0.0252
0.0145 -
0.0498
26
15-52
2.0
2.0-21
1.6
15-186
N/A
N/A

Mean:

Range:

Mean;

Range:

Mean:

Range:

Mean:

Range:

Mean:;

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range:

Mean:

Range;

Mean:

Range:

Mean:

Range:

Mean:
Range:
Mean:
Range:

Mean:

Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean;
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:
Range;
Mean:
Range:
Mean:
Range:
Mean:
Range:
Mean:

Range:



39. Ratio of Run Slopeto  Mean: N/A Mean: N/A Mean: * Mean: * Mean: *
Average Slope

(Srun/Sbkf) Range: NfA Range: N/A Range: Range: Range:

Mean: NIA Mean: NIA Mean: * Mean: * Mean: *
40. Maximum Run Depth
(drun) ft Range: N/A Range: N/A Range: Range: Range:
41. Ratio of Run Depthto  Mean: N/A Mean: N/A Mean: * Mean: * Mean: -
Bankifull Mean Depth
(drun/dbkf) Range: N/A Range: N/A Range: Range: Range:

Mean: N/A Mean: N/A Mean: * Mean: * Mean: *
42. Slope of Glide (Sgl) ft
11t Range: N/A Range: N/A Range: Range: Range:
43, Ratio of Glide Slope Mean: N/A Mean: N/A Mean: * Mean: * Mean: =
o Average Water Surface
Slope (Sgl/Sws) Range: N/A Range: N/A Range: Range: Range:

Mean: N/A Mean: N/A Mean: * Mean: - Mean: *
44. Maximum Glide
Depth (dg) ft Range: N/A Range: N/A Range: Range: Range:
45. Ratio of Glide Depth Mean: N/A Mean: N/A Mean: * Mean: * Mean: *
to Bankiull Mean Depth
(dgl/dbkf) Range: N/A Range: N/A Range: Range: Range:

Mean: N/A Mean: N/A Mearn: * Mean: * Mean: N
46, Step Slope (Sst) Range: N/A Range: NiA Range: Range: Range:
47. Ratio of Step Slopeto  Mean: NIA Mean: N/A Mean: * Mean: * Mean: *
Average Water Surface
Slope {Sst/Savg) Range: N/A Range: N/A Range: Range: Range:

Mean; N/A Mean: N/A Mean: * Mean: > Mean: >
48. Maximum Step Depth
(dst) Range: N/A Range: N/A Range: Range: Range:
49, Ratio of Step Depthto  Mean: N/A Mean: N/A Mean: * Mean: * Mean: *
Bankfull Mean Cepth
(dst/dbkf) Range: NfA Range: N/A Range: Range: Range:

* Geomorphic data not collected due fo existing design
constraints. The majority of the work on site will consist of
Enhangement |. Ranges for restoration areas were developed
argund the existing site constraints.

Materials:

Particle Size Distribution
of Channel Material

{mm)

D16 0.2 * * *
D35 0.5 * > *
D50 34 * > *
Da4 19.0 * * *
D95 53.0 h ¥ *
Particle Size Distribution

of Bar Material P SP

D16 7.6 <2 * * *
D35 12.4 4.5 * > *
D50 17.8 10.0 * * *
Dg4 407 54.4 * * *
D95 55.6 96.7 * * *

Largest Size Particle on
Bar 48.0 v - :



* Geomorphic data not collected due to existing design
constraints. The majority of the work en site will consist of
Enhancement |. Ranges for restoration areas were developed
around the existing site constraints.

Sediment Transport:

Sediment Transport

Validation {Based on Existing Proposed
Bankfull Shear Stress)

Calcutated value {(mm)
from curve 55 55

Value from Shields Curve
(Ibfit2) 0.71 0.7

Critical dimensionless
shear stress 0.016 0.016

Minimal mean dbkf (ft}

calculated using critical

dimensionless shear

stress equations 0.4 0.4
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Table 6a. Pavement and Sub-pavement Parficle Size Distribution of Litlle Alamance Creek

[Bar Sample Bar Sample,
Material |[Size Range (mm) Count Little Alamance Cr & UT
sand| < 2 0 # —
very fine gravel 2 4 0 # Burlington
fine gravel 4 8 2 # Note:|Pavement - Little Alamance Cr @ cross section 11-RF
medium gravel 8 16 7 #
coarse gravel 16 32 19 # 100% Bar Sample,
very coarse gravel 32 64 1 # ° g :W@‘" Ty
small cobble] 64 128 =% 90% %{&.@ﬁw
Total Particle Gount:] 52 a0% W%@*g@ﬁuﬁj
o 60% o ";ﬁgﬁgf&.&}?ﬁ
2 7 i AT i)
i 50% A
= S e
£ o .
© 0% > G
a o TS
20% aEi‘?a&\é‘ : :
0
10% S
0% e
1 10 100 1000
Particle Size (mm) —a—Cumulative Percent ¢ Percent ttem |
Size percent less than (mm}) Percent by substrate type
Y
D16 D35 050 D84 0S5 silt/clay sand gravel cobble boulder
14.958 22.38 29.75 98.61 118.35 NA 0% 56% 44% NA
Bar Sample Bar Sample,
Material |[Size Range (mm) Count | Little Alamance Cr & UT
sand < 2 282 |1#
very fine gravel 2 4 47 # Burlingten
fine gravel 4 3 47 # Note:| Subpavement - Little Alamance Cr. @ x-sect 11-RF hit clay at 145mm
medium gravel 3 16 38 #
coarse gravel 16 az 47 # 100% Bar Sample,
very coarse gravel| 32 64 2 [ o e ;%v R T B
small cobble 64 128 35 |# EL\‘“ s
Total Particle Count; 502 S sl B

Percent Finer Than

Abraty
TN o
N RN A
S R R
e n s .
2 S

RS AR

o
G

i
SR
T

100

1000

Particle Size (mm)

& Percent ltem

\+ Cumulative Percent

Size percent less than (mm)

Percent by substrate type

D16

D35

D50 D84 D95 silt/clay sand gravel cohble boulder

#NIA

#NIA

#NIA 17.92 81.84 NA 56% 8% 8% NA




Table 6b. Pavement and Subk-pavement Particie Size Distribution of UT to Little Alamance Creek
Bar Sample Bar Sample,
Material |[Size Range (mm) Count Littie Alamance Cr & UT
sand < 2 0 # —
very fine gravel 2 4 2 # Burlingtor
fine gravel 4 8 7 # Note:|Pavement - UT to Little Alamance biw x-sect3 & 4
medium gravel 8 i6 15 #
coarse gravel 16 32 16 # . Bar Sample,
very cearse gravel 32 64 13 # 100%
small cobble]| 64 128 [ # 0%
Total Particle Count; 53 80% - . | :
7 e ’ o
5 70% L e ?
2 st e :
I~ -
Ry L . L
o W . ; e o
20% 4 z, i 5% 3
10% .
o T = 5 = ﬁ,/jg:'%,
0% e
9 10 100 1000
Particle Size {mm) [+Cumu|ative Percent & Percent item
Size percent less than (mm) Percent by substrate type
D16 D35 DE0 Da4 D95 silticlay sand gravel cobble boulder
7.598 1244 17.83 40.72 55.67 NA 0% 100% 0% NA
!—Ear Sampie Bar Sample,
Material  |{Size Range {mm) Count Little Afamance Cr & UT
sand < 2 100 #
very fine gravel 2 4 30 ¥ Burlington
fine gravel 4 8 50 #* Note:{Subpavement - UT to Little Alamance b/w x-sect 3 & 4 hit clay at 100mm
medium gravel 8 16 55  f#
coarse gravel 16 32 1 # ) 8ar Sample,
very coarse gravel 32 64 61 # 100%
small copblef 64 128 49 # 90%
Total Particle Count:] 3968 | 80%
o
2 70%
ﬁ o
5 60%
£ 50% i G & A
b 2 e St 1
- 7 7 ’Qfé”“ . ’7,’% 7
é 40% E - %@% %;%{ygﬁ /{2/{;, A///;ng/ o
Tl o -
1 10 100 1000
Particle Size (mm) |—-—-Cumulative Percent & Percent ltem ]
Size percent less than (mm} Percent by subsirate type
D16 D35 D50 D84 D95 silt/clay sand gravel cobble | boulder
#N/A 4.51 10.04 54.36 96.73 NA 25% 62% 12% NA




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

Map Unit Soil Series Slope Drainage General Characteristics
ChC2 Cecil fine sandy 2-6% Well drained  Cecil series consists of very deep, moderately
loam permeable soils on ridges and side slopes of the
Piedmont uplands. They are deep to saprolite
and very deep to bedrock.
EdB2 Enon fine sandy 2-6% Well drained ~ Enon Series consists of very deep, slowly
loam permeable soils on ridge tops and side slopes in
the Piedmont.
LbB2 Lloyd loam 2-6% Well drained Lloyd series consists of very deep, moderately
permeable soils on uplands in the Southern
Piedmont.
Ur Urban land Consists of areas more than 85 percent of which

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

Source: NRCS Official Soil Series Descriptions (OSD) webpage



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

Common Name Scientific Name Federal State Habitat Requirements Habitat
Status Status Auvailable

Vertebrates

American Eel Anguilla rostrata FSC None  Catadramous species, adults live in No
large rivers or lakes

Carolina darter Etheostoma collis FSC None  Small upland creeks with slow to Yes

lepidinion moderate current and substrate of

sand, gravel, or bedrock

Invertebrates

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

Yellow lampmussel Lampsilis cariosa FSC E Large rivers and streams found in No
sand and gravel

Vascular Plants

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

Sweet pinesap Monotropsis odorata FSC SR-T  Pine woods No

Status: E — Endangered

FSC — Federal species of concern
PE — Proposed endangered

SR - Significantly rare

-T — Throughout their range



Table 9. Project Restoration Structure and Obijectives,
Project Number 060685501 (L.ittle Alamance Creek)

Restoration Existing Designed
Segment / Reach SIETy Restoration Type PSRy Linear Linear Comment
g D Range yp Approach | Footage or | Footage or
Acreage Acreage
Reach | 10+00 - Enhancement | P2 1783 If 1783 If Modifying channel dimension and profile with
27+83 structure placement.
Reach II 27+83 - Restoration P2 160 If 162 If Reach Il consists c_)f realigning the stream and
29+45 removing a center bar.
Reach II 29+45- Enhancement | P2 687 687 If Modifying channel dimension and profile with
36+32 structure placement.
Reach | - Trib 10+00 - Enhancement | P2 429 429 If Modifying channel dimension and profile with
14+22 structure placement.
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Appendix A

Project Site Photographs



«
= )

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




One of two train trestles crossing Little Alama

nce Creek.

20f6



: Wi = .;1. t o A“c'.
Second train trestle crossing Little A
seen in the background.

»

lamance Creek.

Pedestrian/vehicle bridge can be

Sewer Iine and pedestrian/vehicle bridge crossing Little Alamance Creek

30f6



B PN -
g ;;-'E.’}. ol V7

Second sewer line crossing Little Alamance Creek.



T - . 7
L|ttle Alamance Creek downstream end of pl’OjeCt at Overbrook Road.



- i e e eI Y i\
Unnamed tributary to Little Alamance Creek.
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Appendix B

Project Site NCDWQ Stream
Classification Forms



North Carolina Division of Water Quality — Stream Identification Form; Version 3.1

Date: 4 / J / oS Project: l,f//,_ ,4/‘.“,_&; £~ Latitude:
Evaluator: ZSZ, B/VF Site: 4}%, Paf /< Longitude:

Total Points: Other 2, P [

Stream is at least intermittent County: / 4 ’
if > 19 or perennial if230 .5 /f Ménece e.g. Quad Name:

‘-37(0\4

A. Geomorphology (Subtotal= 14.4 ) ~Absent [ Weak [ Moderate

Continuous bed and bank 1 2

. Sinuosity

. In-channel structure: riffle-pool sequence

. Active/relic floodplain

. Depositional bars or benches

. Braided channel

12,

2

3

4. Soil texture or stream substrate sorting
5

6

7

8

. Recent alluvial deposits

92 Natural levees

10. Headcuts

11. Grade controls

o
(3]
=)

1 2
1 far’
1 &)
1 2
1 2
2

2

2

2

P

OO%OOOOOOOOO
-

12. Natural valley or drainageway 0.5 1

13. Second or greater order channel on existing

USGS or NRCS map or other documented No=0

evidence.

¥ Man-made ditches are not rated; see discussions in manual

B. Hydrology (Subtotal=_ /& )

14. Groundwater flow/discharge 0 1 2 a3
15. Water in channel and > 48 hrs since rain, or

Water in channel - dry or growing season — 0 ! 2 @
16. Leaflitter cT5 1 0.5 0
17. Sediment on plants or debris 0 05 <D 15
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 D
19. Hydric soils (redoximorphic features) present? ~NG=0) Yes = 1.5
C. Biology (Subtotal=__ | | )
20°. Fibrous roots in channel 3 2 1 0
21°. Rooted plants in channel fa) 2 1 0
22. Crayfish 0 05 1 1.5
23. Bivalves g 1 2 3
24. Fish 0 0.5 1 JF)
25. Amphibians 0 0.5 D amy
26. Macrobenthos (note diversity and abundance) 0 0.5 o 1.5
27. Filamentous algae; periphyton p&i) 1 2 3
28. Iron oxidizing bacteria/fungus. e 0.5 1 1.5
29°. Wetland plants in streambed KEAC = 0.5] FACW =0.75; OBL=1.5 SAV=20; Other=0

® ltems 20 and 21 focus on the presence of upland plants, item 29 focuses on the presence of aquatic or wetland plants.

. . Sketch:
Notes: (use back side of this form for additional notes.)

7:-'§l~ * '/u.r?(L.S 6664«!\/&4[ PN c.énhdl-

f;w Wage fé_b_éy% [

P&'{D /“f) i \ﬂ&fﬁ/ /Qc‘/"av\Sw




North Carolina Division of Water Quality — Stream Identification Form;

Version 3.1

Date: 4/0‘ /°>
Evaluator: Zsl B/V/:

Stream is at least intermittent
if 2 19 or perennial if 2 30

County: A/C emee.

. uT o . .
Project: /. // E/ Y Latitude:
Sitezc‘,l y PC ’ A Longitude:
Other 3,,-{' /.'\5 ;(0,_‘

e.g. Quad Name:

Total Points:

Geomorphology (Subtotal = | 4.4 )

- Absent

Weak

Continuous bed and bank

Sinuosity

In-channel structure: riffle-pool sequence

Active/relic floodplain

Depositional bars or benches

Braided channel

A.

12,

2,

3.

4. Soil texture or stream substrate sorting
5.

6.

7.

8.

Recent aliuvial deposits

92 Natural levees

10. Headcuts

1

1

1

1

1

1

1
D
<&

11. Grade controls

12. Natural valley or drainageway

OOOOOéOOOOOO

SIUNNIVN SNINIC
@awwwwwww“w% 

[S, BR8]

0.
0.

13. Second or greater order channel on existing
USGS or NRCS map or other documented
evidence.

8

Yes =3

& Man-made ditches are not rated; see discussions in manual
B. Hydrology (Subtotal =

2.9 )
14. Groundwater flow/discharge

15. Water in channel and > 48 hrs since rain, or
Water in channel - dry or growing season

16. Leaflitter

_A—\@
N
w

o
(8]
o

17. Sediment on plants or debris

0.5 15

18. Organic debris lines or piles (Wrack lines)

0.5 1.5

0y

19. Hydric soils (redoximorphic features) present?

®=0)

Yes = 1.5

C. Biology (Subtotal = @ )

20P. Fibrous roots in channel

0

21°. Rooted plants in channel

&
D 0

22. Crayfish

0.5 1.5

23. Bivalves

1 3

24. Fish

B

1.5

25. Amphibians

1.5

26. Macrobenthos (nofe diversity and abundance)

3
3
%
D
0
0
0

&

1.5

27. Filamentous algae; periphyton

a0

1 3

28. Iron oxidizing bacteria/fungus.

=S IN [ ] 2 N|= ]|

0.5 1.5

29°. Wetland plants in streambed

'FAC=0.5) FACW = 0.75, OBL=15 SAV =2.0; Other =0

® items 20 and 21 focus on the presence of upland plants, item 29 focuses on the presence of aquatic or wetland plants.

Notes: (use back side of this form for additional notes.)

-‘51(7“&1..& ég\s.‘u,s a é;./;g.c'/. z:“_é a'(

Foeh o boit

Vi

Sketch:

»




Appendix C

BEHI and Sediment Export
Estimates
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K“ LJP Fonle

Summary Form - ANN_UAL STREAMBANK EROSION Estlmates / Calcuiatlons

e

1Stream: L +Jr &AIQ/YI&NL (f _Observers: 6}\/ o

_iTotal BANK Length: _]ﬂéO Ft._

steam Type: (/L5 /)

P
-1
.e
m
1

jGraph Used: J/\‘;/ C,

. @

’NEAR-BANK_: v
STRESS

RATE
( adjective ) (Ftiyr)

6 e, O _1
LENGTH " EROSION -
of
Bank
(Ft)

RO} 2.

- Bank
- HEIGHT -
(Ft )

SubTotal .
(Ax(5x(6) -

BEHI
- (adjective )

Station
Ft.

"*'/o 15 |
i+

CP

_15+/5_H_ PM e i 55 1 M0 355

s L H_o L T 160 135 1616

el H o Bd, 3% JOO 60 2% <

saiee L H o H o L s 60 150
whfSe . M 1L o1 220 40 113,46
jpett | i M§

174)

~ Sum (Feet’/Year) EROSION Sub-Totals for each BEHI / NBS Combination | Erosion

i Tota!

] Feef'/ Year

e R S L 1N "
. Convert EROSION (Feet lYear) to (Yards !Year) ,'} Eroz?:f: _ / Q %
5 {divide Total EROSION (Feet !Year) by27) arde Y Year

1, I o . e —— b d—— e+ ‘ ST S SSR USRI R AT, kA e _"
) Convert EROSION (Yards® lYear) to (Tons / Year) E - Total _/33, 7

; rosion =

. {multlply Total EROSION (Yards {Year) by 1.3} i ! Tons lYear

1

: {Divide Total EROSION (TonsfYear) by Total Length of CHANNEL (ft) surveyed.}

' Total
=, Erosion = O 076

Tons l le Ft

_Calculate EROSION per unit LENGTH of Channel.

et SN LY YL P R

G:\TheRAM3-2-2006\15t Field Day-SECTION Avram0B-PAGE-A 41-BankErosSumry.xls

A4



SR AR e A 2 A A A A K 2 N B B N R I R E R R TR

Rt

Berle

Sumn}ary Form - ANNUAL STREAMBANK EROSION Estfmates I Calcuiatrons

1Stream: ]_ H—! AEMQWQ (f _Observers: @NF
‘Stream Type: C‘/ £ g/ '§£aph Used: MC:L

.o : : BANK LENGTH
1 station BEHI | oiTed 0 EROSION  of
e Ft. (adjective) ( adjective ) RATE Bank
‘m' Bl o (RIw) o (F)
CTAR 50 | —— .=

RES: s A LBk | B 6D
; ; 4 -+ 5

;_2_;__& gn \/i’l _H - 55}5 - é O

; D

[+

M
WR) A
Eheioh
@ fd

O R B T A N

) Date: 7//?;/@

Total BANK Length: _1 % g

RO m o
" EROSION °
SubTotal
@XEXE)

(eI

PN G
oo o

;- e € o e - ey b e —————— ..: . T - .:.... PR - —_— . ..;!....... USRI S
SRS Ly F 2% 1105 1590 [1990,<—
AR v DM L5 5 /25 0] 3T8
sIss L O L L) 3535905
9 E_ —— ——— R o, — - . s aam i -l —_———— ' ...r:‘..
Fyq ] ! 5 ' i ; |
Pl b i . L ' .
12° ? : | |
e e e e e e ]
14 : i ! : ; .
o - ...é.........., S o " —— ._..:;. R - ,
;. 1,5.;.. Ce ——— 'T ._.__..' PR _;, — S e ¢ o ..;_. ——— ﬁ.-_*;,..... e '
1af , ; ' : ; ; :
; adom [— ! P ..__....}l ; 1I

!l
il

Sum (Feet Near) EROSION Sub-Tofals for each BEH| / NBS Combination "

Total
Erosion =

] Feet lYear

¢ mmee b gmvmemm s e e o e mn Awe et e e e mae e e

A
Convert EROSION (Fceet3 /Year) to (Yards3 / Year) ;;

{ diVlde Total EROSION (Feet Near} by 27}

Convert EROSION (Yards / Year) to (Tons / Year) i

{ multiply Total EROSION (Yards [ Year) by 1.3}

W e e e ey . R

i Erosion =
: Tonleear

R AR A PR 18

Total ) 3 %7 3

Erosion

l
¢ Yards®! Year !

ST R R AT S ]

- Total /37 3 5

SRR YL S R X \.,

Calculate EROSION per unit LENGTH of Channel.
{Dlwde Total EROSION (Tons/Year) by Total Length of CHANNEL (f) surveyed }

Tota! O 1/7 é)

i Erosion =
iTons/YT/Ft

. G:\TheRAM3-2-2006\1st Fleld Day-SECTION Avam06-PAGE-A 41-BankErosSumiy.xls



Lefh Bank

Summary Form ANNUAL STREAMBANK EROSION Est!mates / Calculatlons

At ool I ERIDCIIATS

:Stream: L H-‘e_ JAf uf\'\w’\ﬁcﬁf ,Observers: g,ljF o _ Date: 7///‘$707

Stream Type CZ ,{'_ _g/{ f }Graph Used: N;(/_ L Total BANK Length ’6%0 Y
RO - N N O __4____._ & (6) e (7) I

: : BANK : LENGTH ; " EROSION -
Station . BEH]I . . EROSION . of . HEIGHT

. STRESS ' 4)x(5)x(6) :
Ft. = (adjective ) adiective RATE ~ ~ Bank qy ;
(2 " (Ftiyr) E (rt) ! Dy

’zi?{f%""f"hH _, A0 J_éf 0464
Ext W z.g 20 | 50 3%0]
VH /‘\;/\ 75 118 Ty 5 3%,

A G 25 Y5 |
Mo F___f@z‘z 5. i 1.O1.
o /zSLJ

%% N

$n
i
N N

U\«C-L‘

e e, W e,

~Fn

b
=

~DLIh
+m+ 4
A ey
i€
i
l

-qim’;r.ni
+i‘§"‘l‘i-l-«+
n

a4

ek ek

4
1
————

V2B

.
L

~
U\iU\U‘l
|
.

e
LAAY
U) o i
- ';.._._...-l!_. P R S -

o

o
{
158
",f_.‘--{—-é—f—"f’l

Lo

1
T
i

o~

T
|
i

Qg
0
iQ

:

i

™
&
o
o
(N
O
Sh
0O CQ0 O
2 ¢
SN

[y

_f:{'("
OO(J\\;
TR NGNS

"D‘.(Nl‘

Had
-
o g

UL
i
QG o
Q.0 o

g e

S0 A0 2g)
: Y
-+t
‘__1:_0
< Y
-
Nl

l'"_“." B o SJNETIRE A

SN
|
)\‘\::-l
b
-
BaNGS
NIO O
iy
OO
P\:Q}Q
O ~NO

%
O 9.
N
e

:; Total

Sum (Feet Year) EROSION Sub-Tofals for each BEHI/ NBS Combination i Erosion = Q, q O .
' ]n Feetl Year
e, o

ConvertEROSION (Feet / Year) to (Yards ! Year) :: Erol?::?: _ 167.5

{ dlwde Totai EROSION (Feet Near) by 27} Yards % Year

e e e e mea s o LTS S SR bR T oL ’—,{

: Convert EROSION (Yards® / Year) to (Tons / Year ‘g - Total
| i ( )3 ( ) » Erosion = /39 7
{ multiply Total EROSION (Yards™/ Year) by 1.3 } i | Tons I Year

[N R i . e H R ST S

i 1
: Calculate EROSION per unit LENGTH of Channel. Total 0,0 ﬁfg

; o : Erosion =
: d. ?
: {Divide Total EROSION (Tons/Year) by Total Length of CHANNEL (ft) surveye } | Tons/ e/t

PL LI SN RN
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Lel Banle

Summa:y Form - ANNUAL STREAMBANK_ E__ROSION Estlmates/Calculatlons

:Straam: L i 'H‘ft/ )&sf&Memﬂ& &, Observers: 8/\[ o

'Stream  Type: _/hﬁ' Z / |Graph Used: /\i(_,

{
BANK LENGTH
EROSION of
RATE Bank

(F”vr) ; (Ft)

. NEAR-BANK .
STRESS
( adjective )

Station f BEHI
Ft. . (adjective )

. Tota;I BANK Lénéth
B N R C N O}

(172 5 .
(s (7) o
: EROSiON ‘

Bank . gupTotal

(F) : (Ft fyr)

0%

-~
h
Il
il
|
1

N

ln

‘faié‘&'*
Sl
T
\

S5
2
P
e

H S T

{
-

-:__cn
WG 0
: e
L R g
W ho;
A
P

E
[
I
i
fm

i

l{j‘\
-G
O O

=~

e
TN

000‘00

f3igaL HoONH 2% . OS99
sz A L) 055 H0L/005
10 ; ; : " é

11 ' - ._, ¢ — - .;. .._ - ...i._. - - - ,.:... —
L ! S } L ! -
{...1.2. o - -~ ! - — e rm e —— -é._ e - ; - ..{.. —— — _+ e
13 f f | =
fo— - = e —— J,-., —_ .,."';.. [P — r_ R - .__,__ - 4 —- .._z
’i S U S L I ._,_}:‘,_ e
e i 4 : |
17) ’- | ! g
b e e —i — —— :__,____ . — _E_ - L...
18] ! : 5 i

Sum (Feet’/Year) EROSION Sub-Tofals for each BEHI / NBS Combination

s s e e e Se Ere baw et e e ALt b e me e MM Rl o e

Convert EROSION (Fee’t3 !/ Year) to (Yards3 [ Year)
{ dlwde Total EROSION (Feet IYear) by 27 }

Convert EROSION (Yards IYear) to (Tons / Year)
{ multiply Total EROSION (Yards ! Year) by 1.3}

'

Feet lYear o

Tota I. R O T B
'* Erosion =
Yards IYear [

| Total
.Erosmn =

| .
 Total -
; Erosion = ‘?77,</
L

%

_ Tons ! Year .

i
Calculate EROSION per unit LENGTH of Channel.

Total 0, O(j// '

{Dlv:de Total EROSION (TonsfYear) by Total Length of CHANNEL (fi) surveyed } 1  Erosion =

TonlerIFt ”

__nr_.

ERCPUISEETIT T N
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BEHI Variable ?Worksheet _ o

..:-“étrea;n: Ll\H“l‘Iﬁ{ /Qm Reacl;: &ﬂ?@““*‘"gé) Cross Section: L &mL
-bbservers: N F ] jE T lotao Date: 5"&( g

BEHI Score
Bank Height / Max Depth Bankiull ( C) (Fig. V-15)
Study "(A)e : (B} "y / O _
Bank |54ME | Bankfull A)/{B)=
Height () = as BKF Height (ft) = 3 QS {C)
Root Depth / Bank Height ( E )
Root | (D) | Swdy | (A) 235 ol =
Depth 2 | Bank (D) (A, ] g
(ft)= '0'5 Height ( ft) = 'gKP ! (E)
Weighted Root Density ( G )
Root | (F) (F _
Density yx(E) =
s%= | /O I @ /O

Bank Angle (H)

"Kseﬁ n; odsort r‘GG-‘- 0[%} J"(‘!&nj;-[y) E:gli; - go (H) é

as Degress =
Surface Protection (1)

Surface
Protection 5 L—/
as% = 5 (1)

Bank Material Adjustment: |
Bedrock (Overall Very Low BEH) = J> Bank Materials / O

‘Boulders (Overall Low BEH}) Adjustment J
| S:sc./\ )

Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of
bank material, then do net adjust) Stratification Adjustment
Add 5-10 points, depending on
position of unstable layers in
relation to bankfull stage

il ettt

Gravel (Add 5-10 points depending percentage of bank material that is
composed of sand)
Sand {(Add 10 points) Silt Clay (no adjustment}

e
VERYLOW| LOW | MODERATE| /HIGH | VERY HIGH | EXTREME > ADJECTIVERATING ]

| and
TOTAL SCORE 3

5-95 | 10-105 | 20-205 | 30-305 ]| 40.45 | 46-50

Bank Sketch
12 :1_ — S P ' — ..j_ -
11 : 5 Root
10 1 £ Depth
g 91 i Z
= 5 Z Bank
8 ] > \ Angle
o 7 g Pt
2 g Bankfull _ __________z @ [ 8
| T T . T B 2 e — ‘S
w 5 = £
2 A DE AL
' 4 x5 o
g == — =
) . A 4
2 ] _ Start
1 L of
o N Benk
0 1 2 3 4 5 6
Horizontal Distance (ft)
A25
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B JBEHJIT s_?aridble Worksheet | ,
Stream: [;fH—l{ A N\ Reach: IO?‘?E“‘ l { ‘]‘L{O Cross Section: ﬂ," \’god\l(,
observers: AN ?OJ \_TET : | Date: 5d/-0/

BEHI Score
Bank Height / Max Depth Bankfuli (C ) (Fig. V-15)
Study {A) (B) / / N C}’
Bank Bankfull (A)Y/{(B)=| [+ 5
Height ( ft) = Lf 5 Height (ft) = 3‘5 (C)
: Root Depth / Bank Height ( E )
Root {n) Study (A) p { } g )
Depth  Bank (D)/I{A)=
(fty= | 3.5 Height ( ft) = %5 ' (E)
Weighted Root Density { G )
Root (F)
Density /57{} (F)x(E) = /]5(6) q

\/6 'Hb\(\ mtes Bank Angle (H)
(Ksee note dbouk ™ rost o’\;a()w d1o/£n:§f{>/) e %/30 89

as Degrees = H
Surface Protection (1)

Surface
Protection %O ) g\

as%h =

Bank Material Adjustment: |

Bedrock {Overall Very Low BEHI) : = > Bank Materials
Bouiders (Overall Low BEHI) Adjustment / O
|

Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of

bank material, then do not adjust) : Stratification Adjustment

Add 5-10 points, depending on
position of unstable layers in

P -

Gravel (Add 5-10 points depending percentage of bank material that is

composed of sand) ;
Sand (Add 10 points) Silt Clay (no adjustment) relation to bankfull stage
' P e
VERYLOW| LOW | MODERATE | _ HIGH VERY HIGHY EXTREME - ADJECTIVE RATING
5-95 | 10-195 | 20-205 | 30-305 | 40-45 /] 46-50 TOTAL SCORE 2/3
e ——y —
Bank Sketch
12 :. - U U PP ‘ -
11 5 Root
10 1 4 £ Depth
= 9 : va
3= ] i =
o 8 : = Bank
2 1 : > \ Angle
a-(g 7 4 : ) g oo u=
g 6 ___.Bankful ____________&| 3
— T : ] © O
g 91 2 . 52
£ 4N ! £e iy
> 3 i ) Zx
212 e E
t - fart
1 ~ of
04— . . . . — ank
0 1 2 3 4 5 6
Horizontal Distance {ft)

A 25
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BEHI Variable Worksheet

Stream: [— Me\»lf/ jﬂ(fo\n/) \ I%eacl;: / ] 1""]0 - / dFo0 Cross Section: K‘“ Ban L

. i e . s A . R AR, . e e . aEm. A e ks e

A 25

GATheRAMS3-2-2006\1st Field Day-SECTION Avram0B-PAGE-A 25-BeHiVariableWrkShtxls

> . -
Observers: /Q AE T B : _ Date: 5~ AF07
7 —
BEHI Score
Bank Height / Max Depth Bankfull (C ) - (Fig. V415)
Study (A) (B) I I ]
Bank Bankfull (A)/(B)= &
| Height () = 6/ Height (ff) = ng 7 (C)
Root Depth / Bank Height (E )
Root {D) Study (A) / , 3
Depth Bank (D)/(A)= g
(ft)= | 6‘5 Height ( ft) = L'{ ' (E)
Weighted Root Density (G )
{ Root (F)
' Density | 7,~= (F)X(E).=3C}Q q
wo%e | 07 > o)
H\ - Bank Angle (H)
0’ Bank 70 _
8o 1 Angle it ZO 5
(Lv:u:i“ A _);'" Q/’J’f-}i)o‘* O(QnS)ﬁ/ seem o be /na\é(@ as Degrees = (H)
y We have hef é ol Eous pEcie s Surface Protection (1)
rOQ‘M )49 ﬁr\ Frem AN, Surface ,
Oa a’c,oﬁ ],\ 6 Aerég 'S onlf aboct o, 5/J Protection %O 9\
as% = (1) '
Bank Material Adjstment: { {
| Bedrock (Overall Very Low BEH) : Bank Materials
Boulders (Overall Low BEHI) = > Adjustment i
- Cobble (Subtract 10 points. If sand/gravel mairix greater than 50% of - {
bank material, then do not adjust) Stratification Adjustment {
Gravel (Add 5-10 points depending percentage of bank material that is Add 5-10 points, depending on
composed of sand) position of unstable layers in ‘
Sand (Add 10 points) Silt Clay (no adjustment) relatfon to bankfull stage 7
' T T —
VERYLOW] LOW [ MODERATE| ,FiGH | VERYHIGH | EXTREME "~ ADJECTIVERATING . ” (
r - ~ N = > and é (
5-95 | 10-19.5 | 20-205 | \30-305 |/ 40-45 | 46-50 TOTAL SCORE 3
e —— == {
Bank Sketch {
12 - " e et e e e £ et oeee ST e e e e e+
11 1 (
10 (
2 97
g ¢ ‘
g 7 (
: . '
g ° >z (
5 4] %35
> 3 .
i AN, &= (
] \ ‘
1 \
S S (
0 1 2 3 4 5 6 ‘
Horizontal Distance (ft) (
(
(



BEHI Variable Worksheet

Stream: LI"H’\@, YA\ | o Reach: [} 480 —(24<H0 LY Gross Section:

Date:L§'2 !,Q'/

Observers: PN E , JeT

RS

BEHI! Score
Bank Height / Max Depth Bankfull ( C ) (Fig. V-15)
Study {(A) (B) / —
Bank 1 Bankfull - (A)/(B)=
Height (ft ) = 4"1§ Height (f) = % .4 /’ %(C) 5
Root Depth / Bank Height ( E )
Root (D )' Study (A) ; .
Depth — Bank 1§ (D)Y/(A)=
(ft)= O*b Height (ft) = A"/lb 0"” (E) 8
Weighted Root Density {( G )
Root (F) [ CZ’
Density (F)x(E) =
w%= | 29 7.M
cﬁ; -fr : Bank Angle (H)
SeensTC pl X e - — . Bank .
( deptn Ao j%) Angie | £ 4—
asDegrees = | 7 (H)
Surface Protection (1)
Surface
Protection -
as% = 7S (1) 2’
5
N

Bank Matferial Adjustment:

Bedrock {Overall Very Low BEH{)
Boulders (Overall Low BEHI)

Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of

bank material, then do not adjust)

Gravel {Add 5-10 points depending percentage of bank material that is

composed of sand)
Sand (Add 10 points)

=

>

Silt Clay (no adjustment)

Bank Materials
Adjustment

P e P T T R . T e R e

Stratification Adjustment
Add 5-10 points, depending on
position of unstable layers in
relation to bankfull stage

VERYLOW| _LOW | MODERATE |~ HIGH \] VERY HIGH | EXTREME " ADJECTIVERATING
L Y A W > and ‘
5-95 | 10-195 | 20-205 § 30-305 | 40-45 | 45-50 yoTALscoRe 25
\_/‘/
Bank Sketch
12 - - S T‘ R Ity g e s e ‘
11 |
10 1 —
g 91
@ 8 :
2 b H
5 77
[ T
a © é
8 O] 5’
5 4
> 3
21
1
0 r ]
0 1 2 3 4 5 6

Horizontal Distance (ft)

G:ATheRAM3-2-2006\tst Field Day-SECTION Aram08-PAGE-A 25-BeHiVariableWrkSht.xls
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BEHI Variable Worksheet

stream: L « Algundace  Reach: (24O — (20 T Cross Section:

Observers: P N F“(, e T Date: ?/Z'/m :
BEHI Score
Bank Height / Max Depth Bankfull (C) (Fig. vV-15)
Study (A) (B) / :
Bank ; Bankfull - (AY/({B)=
Hoght (=] D Height (ft) = B g @ (C) (ﬂ
- - Root Depth / Bank Height ( E )
Root (D) Study (A) / .
Depth Bank (DY (A)Y= (]2~
(ft)= % Height (ft) = o) : ‘ 0’ (E) a
:L 0 Weighted Root Density (G )
253 R g
oot (F)
: Density (F)x(E) =
EXRENE | ooy o z ol T
Bank Angle (H)
* ( Cart healC dumstm o8 '
ﬂfgvi’ ' "B)b‘H{in ﬂ%&B as Degrees. = 8O (H) (0
Surface Protection (1)
Surface
Protection
as% = 5 (1) / O
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHY) Bank Materials
Boulders (Overall Low BEHI) = > Adjustment g
Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of I ]
bank material, then do not adjust) Stratification Adjustment

Silt Clay {no adjustmen)}

Gravel (Add 5-10 points depending percentage of bank material that is
composed of sand}
Sand (Add 10 points)

Add 5-10 points, depending on
position of unstable layers in
relation te bankfull stage

A A, AR, AN, R, AER. AN . MR AR A A s A s A . s s

VERY LOW | | MODERATE | _HiGH | VERY HIGH | /ExmemE\ ADJECTIVERATING
L - > and
5-95 | 10-195 | 20-205 | 30-395 | 40-45 |\4s 50 / TOTAL SCORE
\~_-/
Bank Sketch

12 :_. erag hrimn + e 4 e e s 4h P A s

11 i

101
g 9
@ 8
o E
g 77
2 61 Bankfull
g °1 £
£ 4 $
@ 4 [
> 3 < T

E .

2 -

1 -

0 .

0 2 3 4 5

Horizontal Distance (ft)

GATheRAM3-2-2006\1st Field Day-SECTION Aram06-PAGE-A 25-BeHiVariableWrkSht.xls
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BEH_I Variable Worksheet

Strearn: [ . M Al

Reach: /2100 — 14470 RT Cross Section:

Observers:

Kolowe
“"‘J 0C’5

BVE, SeT

Date: Sf 2/
/ {

BEHI Score
Bank Height / Max Depth Bankfull (C ) (Fig. vV-15)
Study (A) . (B) / '
Bank Bankfull 7 (A)/(B)=
Height ( ) = A4S Helght () = 3.9 { (©) é
Root Depth / Bank Height { E )
Root (D) Study (A) / :
Depth Bank ) (D)/(A)=
(ft) = /’D Height (ft) = 3o 0’27(5) é
Weighted Root Density ( G )
Root (F) £) ?
Density (FYx(E) =
MO DE@ TE | o%-] [0 21 @
Bank Angle (H)
fﬁ O LQV\JC, :a"!k 20 9
ngle _
tolls coves as Degrees = BB | <-S
Surface Protection (1)
Surface @
Protection
as% = 7<( 1) l
Bank Material Adjustment: ]
Bedrock (Overall Very Law BEHI) Bank Materials
Boulders (Overall Low BEHI) = > Adjustment

Cobble (Subiract 10 points. If sand/gravel matnx greater than 50% of
bank material, then do not adjust)

Gravel (Add 5-10 points depending percentage of bank material that is
composed of sand)

Stratification Adjustment
Add 5-10 points, depending on
position of unstable layers in
relation to bankfull stage

Sand (Add 10 points) Silt Clay (no adjustment)
very Low| Low [ mODERATE| HIGH | VERY HIGH | EXTREME ADJECTIVE RATING
L e N = > and 7 —
5-95 | 10-195 | 20-@o5)| 30-3905 | 40-45 | 46-50 ToTaLscorRe 1.5
Bank Sketch
12 :__ - g N OGP SO -
11 1 E Root
£ 927 : ¥
g 5 2 N\ Angle
g 71 a AN
2 6 - ___ Bankfull____________Z& &l g
a y I S U AU N A S 7. Y © O
5 ° = £5
E 4 g2 @ g
2 3] z*
- N S, o™ -:-J[
2 ) Start
1 of
0] . Bank
0 1 2 3 4 5 5]

Horizontal Distance {ft)
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BEHI Variable Worksheet
Stream; LIH‘IQ. A‘O\/YIO\YICL Reach: 5""0&. 6140 | %‘['qg Cross Section:
Observers: BN F. Y TT Date: 5/9}/67
BEH! Score
Bank Height / Max Depth Bankfull (C) (Fig. v-15)
fsmd: ) Bankful (B) (A /(8)d [, 26 L{
arn ankfull =
Helght { ft ) = L/‘ 9 Height (ft) = gq ' ()
' . Root Depth / Bank Height ( E )
Root (D) Study (A) , ] 3
Depth ' Bank (D)/I(A)=
(ft)= t_/} Of Height (#t) = L{\ Ci' (E)
Weighted Root Density { G )
Root (F) '
' . Density (F)x(E) =
b as % = I S /S (G) ' %
]\5 Bank Angle (H)
Bank
Angle
as Degrees = 7 O (H) 5
Surface Protection (1)
Surface
Protection 7 5 @ 9‘5
as% = (1) I
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHI) Bank Materials
= > /O

Boulders (Overali Low BEHI)

Adjustment

Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of
bank material, then do not adjust) -

Gravel {(Add 5-10 points depending percentage of bank material that is

Silt Clay (no adjustment)

Stratification Adjustment
Add 5-10 points, depending on

position of unstable layers in
refation to bankfull stage

.‘E-‘AA“‘A““AA-‘-“‘

_—

( Sand (Add 10 pointsi)
"‘-..____

“Hish]

‘ N
vERYLOW| LOW | MODERATE | / HIGH \ | VERY HIGH | EXTREME ADJECTIVE RATING _
P N L D > and
5-95 | 10-19.5 | 20-295 |( 30-305 ) 40-45 | 48-50 TOTAL SCORE ;SO, 5
. e
Bank Sketch

12 :, pu S S

11

10 4
g 9
g 71
o)
a °1
8 51
e 4
> 3]

2 -

1 -

0 : . . . .

) 1 2 3 4 5
Horizontat Distance (it}
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G:\TheRAM3-2-2008V1 5t Field Day-SECTION Avram06-PAGE-A 27-EstNearBankStress. xIs

Estimating Near-Bank Stress ( NBS)
stream: [/ He Hlomance f, vocation:
Observers: g/\/ k ’d’}-‘]’ Date: 5 / Q l/ 07
oro o METHODS FOR ESTIMATING NEARBANK STRESS o
(1) Trans\.rerse bar or spllt channellcentra[ bar creatlng NBS.’high velocity gradlent..........._.;_ LEVE[ I L Reconalssance ]
(2) Channel pattern (Rc/W )... . cererannns i Levei H General Predjcuon_
(3) Ratio of pool ope t average water surface slope ( S I S) rerernes s s e ansr e s Level T General Predlctton
4) Ratio of pool slope fo riffle slape (Spl Si ). _HLeyel“iPI“ - General Predlctlon ]
(5) Ratto of near-bank maximum depth to bankfull mean depth (dnbl dbk{) ...................... Level 11 Deta:led Predlc’uon
® Ratio of_.rrear-bank shear stress to bankiull shear stress ( Ty / Thig )-- ; Level T Detarled Predlctlon
) Ve!ocrty profiles / Isovels / Velocity gradient Level IV Validatlon
—_ ‘Transverse and/or central bars-short and/or discontinuous........................... NBS = High / Very High
o (1) |BExtensive deposition ( confinuous, cross-channel )......... -.NBS = Extreme
2 Chute cutoffs, down-valley meander migration, converging flow (NBS #1)..c.vcceiciers covvennenene. NBS = Extreme
Radius of | Bankfuil Near-Bank
Curvature {|  Width Ratio Stress
@) Re (feet) | Wysteet) | Resw NBS
—t Average Near‘Bank
'“:3 3 Pool Slope|  Slope Ratio Stress Dominant
S @ 1 s S Sp/S NBS Near-Bank Stress
-
[ow
Near-Bank
‘( 4 Pool Slope |Riffle Stope|  Rafio Stress
Sp Srif Sp/Sif | NBS
Near Bank| Mean Near-Bank
Max Depth}  pepth Ratio Stress
®) | dyteet) | g (feet) dup/ d NBS
= 3L | Q6 [ L2 | fsw
g Near Bank | Near Bank | NearBank | npopn | Average |BankiufSheart  poyo | Near-Bank
= Max Depth| Slope | ShearStress| popp Slope Stress Stress
(&) dyp {feet) Snb Top ( |b/ft2) d (feet) S T{ lblftz) T/ T NBS
Near-Bank
e . X St
— 7 Velocity Gradient ress
s | (D (ft/s/t) NBS
1))
- |
Converting Values to a Near-Bank Stress RATING
Method Number
Near-Bank Stress RATINGS p
Very LOW NfA . >300 <020 <040 - <100 <080 <100
i Low> NIA_ 221300 - 020.040  041-060 CTG0-150) 080-105 1.00-120.
Moderate . NIA ?.-.9.1.. 220 041-060 061-080 151-180 106-1.14 1.21-160
.. High o 5% . 181-200 061-080 081-1.00 181-250 1.15-1.19 161-200
Very High (D 150-180 . 081-1.00 .1_-9.?_' 120~ 251-300 1.20-160 201-2.30
Extreme Above <150 100 . >1.20 >300 , >160 >2.30
Overall Near-B ank Siress RATING
A 27
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Estimating Near-Bank Stress ( NBS)

Stream: L H" € A Io\mor\éﬁ C( Location:

Observers: ENF J E] ' Date: 5/& I/OZ

. wonrernn METHODS FOR ESTIMATING __l\l};__AR-BANK STRESS _ o ]

(1) _Transverse bar or spht channellceptral bar creating NBSIh[gh ve]ocity gradient...........y Level I . Reconalssance A

(2) Channel pattern (Rc/W )... : ; S Level T ‘General Predlctlon

(3) Ratia of pool slope averagew er urface slope{SplS) e Level I General Predlctlon

@ Ratio of pool slope o riffle slope(sprs,,f) oy Level T General Predict:on

(5) Ratuo ofnear—bank maximum depth to bankfull mean depth(dnbl dbkf) vy Level 11 Detalled Pred[ctlon

(6) _RE’_uo of near-bank shear stress to bankful shearstress(tnbl Thig )- Level T Detalled Predlctlon

{7 Velocﬁypmflesl[sovelslVeloc;tygradient.................‘.....-...................................; Level IV ; Valldatton

— Transverse andfor central bars-short and/or discontinuous.....................c..... NBS = High / Very High
T (1) {Extensive deposition { continucus, cross-channel )......c.cocvvreeverrse e encciser e NBS = Extreme
] Chute cutoffs, down-valley meander migration, converging flow (NBS #1)....vvivirs ceceeieennns NBS = Extreme
Radius of | Bankiull Near-Bank
Curvature Width Ratio Stress
(2) | Ro(feet) | Wygtfeet) | Resw NBS
- Average Near-Bank :
;} g Pool Slope|  Slope Ratfo Stress Dominant
2 @ | sp s Sp/S NBS Near-Bank Stress
—d
Jow/
Near-Bank
'( 5 Pool Slope |Riffle Slope}  Ratio Stress
Sp Srif Sp / Srif NBS
NearBank| wMean Near-Bank
Max Depth}  Depth Ratio Stress
® dny (feet) | d (feet) dyp/ d NES
= go il a6l 15 [Jow]
-;g: Near Bank | Near Bank [ Near-Bank Mean Average |PankhllSheatt  povo | Near-Bank
- Max Depth| Slope | ShearSiress| pept Slope Stress Stress
©) | dpy (feet) Snb Top ( )| d (feet) S o) T/ T NBS
E Near-Bank
= Velocity Gradient Stress
g | (D (ft/s/f) NBS
8
I |
?" Convemng Values to a Near-Bank Stress RATING
Method Number
Near-Bank Stress RATINGS :.

3 . SO @ . l.a l & L. @ @

. Very Low N/A . .. 040 <100 <080 <100
. NIA_ | 221.300 . 020-040 041-080 0.80-105 1.00-120 |
Moderate NIA - 201-2.20 .'..0 41 -060  061-080 151-180 106-1.14 1.21-1.60
. High See . 181-200 0.61-080 081-1.00 181-250 1.15-119 1.61-200
Very High ()  1.50-1.80 081-100 101-120 251-300 120-160 2.01-230

Extreme Above < 1.50 >1.00 . >120 >3.00 ., >180 >2.30
Overall Near-B ank Stress RATING
A27

G:ATheRAM3-2-2006\1 st Field Day-SECTION Avram06-PAGE-A 27-EstNearBankStress.xis
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_ Estimating Near-Bank Stress ( NBS)
|stream: / ’*H Al {;L . Location: /YOO -/4+.Q
Observers: AN T -, Date: 1.._‘4«?“’ AN
. o METEQ]_D_S FOR EST!MATINGWFLENAR-BANK STRESS I
< &/Transvarsa bar or spllt channelicentral bar creating NBSIhlgh veloclty gradlent levell © Reconalssance ]
(2) Channel patter (Rc/W ) - T e Level T V_General Predlctlon 3y
(3) Ratio of pool siope to average: watersurface slope(SpfS) -y L@VELI - General Prediction
iffie slope ( S,,l Sur ). [ Level T Genera[ Predlctlon
ank maximum depth to bankfull mean depth ( dnbl dbkf) vrny Level I . Detalled Predlctlon
(6) Ratlo of near—bank shear stress to bankiull shearstress('cnbl Toig )- ..; Level TI - Detailed Predlctlon
()] Velocuty prof Iesl!sovelsl\felocxty gradient... - Level IV Valldatlon
‘ —_ Transverse andfor central bars-short andfor discontinUous.... .......coveiviannenns NBS = High / Very High
T (1) /|{Extensive deposition ( continuous, cross-channel }..........ccvveerresiesrerimemenrenceceens NBS = Extreme
o Chute cutoffs, down-valley meander migration, converging flow (NBS #1).............. (.. .ieeeee. NBS = Extreme
Radius of | Bankfull | Near-Bank
Curvature Width Ratio Stress
) Re {feel) | Wy (fest) Re/W NBS
— Average Near-Bank
= 3 Pool Slope| Slope Ratio Stress Dominant
2 &) Sp S Sp/S NBS Near-Bank Stress
- <
o
Near-Bank \_)
' A Pool Slope |Riffle Slope| Ratio Stress
@ Sp Srif Sp / Srif NES
Near Bank| Mean Near-Bank
Max Depth|  Depth Ratio Stress
®) | dyteet) | diesy | duw/d NBS
f—y
=
% Near Bank | Near Bank Near-Bank Mean Average Bankfull Shearl Ratio Near-Bank
- Max Depth{ Slope | ShearStress| pepsh Slope Stress Stress
©) | dyp (feet) Snb | T, (1i2)| d (eet) S (o) | T/ T NBS
Near-Bank
& . . St
- 7 Velocity Gradient ress
S D (ft/s/f) NBS
3
5 Convertmg Values to a Near-Bank Stress RATING
Method Number
Near-Bank Stress RATINGS i
_‘ ol e l e i o l &L &l @
X ] Very LOW_‘ N/A _>300 . <020 . <040 . <100 <080 <100
. low . N/A , 221-3.00 : 0.20-040 , 0.41-0.60 = 1.00-1.50 0.80-1.05 . 1.00-120
Modefate - MA L 201-220 041-060 . 061-0.80  151:180 1.06-114 121-160
~ e | 181-2 80 081-100 181-250 115-119  161-200_
. Very H'Qh, | (1  150-1 30 ..081-1.00 " 1.01-120  251-300 120-160 201-230
Extreme Above | <150 >100 ., >120 . >300 , >180 >2.30
Overall Near-B ank Siress RATING
GA\TheRAM3-2-2006V1st Field Day-SECTION A\am0B-PAGE-A 27-EstNearBankStress.xis A 27



Estimating Near-Bank Stress ( NBS)
| Stream: L «H’I(_ 74 (O\M&Vlée/ Location: S—F& o 0-]-‘%0 - , ‘l‘Q\?
Observers: g}VF RIS Date: 5/91[/01
o ... .. METHODS FOR ESTIMATING ! NEAR—EANK STRESS , ]
(rl) Transvarse bar or spl_l_t cl_-iannellcentral bar creating NBSIh:gh veloclty gradient eond Leve! I o Reconalssance
(2) Channel pattern (Rc/W)... S “..‘.I'.'f'.‘l':. Leygi WII By _General Predictton
(3) Ratloofpool slope to averagewatersurface sIope(SplS)r ...q Level I General Prediction
(4) Ratio of poo! slope {0 iffle SI0PE ( Sp/ Sep)-o-orvrsrscrmerssvruesssens e} Level Il General Predlctlon
(5) Ratio of near-bank maximum depth to bankfull mean depth ( dnbl dbkf) e Level TIF Detatled Predlctlon
® Ratm of nea_r-bankshearrstrgss to bankfu][ shearstress(‘tnbl'rw) ............... 4 Level II Detalled Predlctlon
N Vetocrty profiles / |sovels / Velocltygrad:ent ..., Level IV Validation
—_ Transverse and/or central bars-short and/or discontinuUOUS......ovee e eeiiieiiannns NES = High / Very High
o (1) |Extensive deposntlon ( continuous, cross-channel ). NBS = Extreme
g Chute cufoffs, down-valley meander migration, converging flow (NBS #1).............. eeveneer--..NBS = Extreme
Radius of | Bankfull Near-Bank
Curvature Width Ratio Stress
(2) | Re(eet) | Wyg(feet) | Rosw NBS
Average Near-Bank
], .
o 4y |Pocl Slope|  Slope Ratio Stress Dominant
% @) s S Sp/$S NBS Near-Bank Sfress
& P
Near-Bank 7&/ 3 '
' 4 Pool Slope | Riffle Slope]  Ratio Stress '\3
“) Sp Sif | spiSaf | NBS
Near Bank Near-Bank
: Max Depth Ratio Stress
®) | dy (feed) dpp/d NBS H ) 1{\
= AR | ’9
% Near Bank ‘,,.' Re4Bank Mean Average Bankfull Shear Ratic | Near-Bank
~ Max Depth{ Slope | ShearSiress| pepth Siope Stress Stress
©) | dy (feet) Smp | T, (bfE)| d (eet) s o2y | Tl T NBS
8
. Near-Bank
— Velocity Gradient Stress
S M (ft/s /i) NBS
e
Convertlng Values to a Near-Bank Stress RATING
Method Number
Near-Bank Stress RATINGS -
Tl e e L @ ] & [ ® o
NfA_»300 <020 = <D40 . <100 = <080 <100
) N/A__ 221-300 - 020-040 041-060 100-150 080-105 100-120
NIA 201 _%-.%‘? | 041-080 061-080  1.51-180 1.06-1.14 121-160
See . 181-200 061-0.80 . 081-1.00K1,81-250 M.95-1.19 161-2.00
fery High. ()  150-1.80 . 081-100 . 1.01-120 251-300 1.20-160 201-230
Extreme Above | <150 >1.00 >1.20 > 3.00 > 1.60 >2.30
Overall Near-B ank S tress RATING
GATheRAMS-2-2006\1 st Field Day-SECTION AvamG6-PAGE-A 27-EstNearBankStress.xls A 27
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Estimating Near-Bank Stress ( NBS)
Stream: / ; -H[g_ A ,WVI ancl (J‘ Location: 5«,—1 Jadyo - - [3 +1 5
Observers: ﬁ iz ad 1{ "‘Q"’E’Z"’ ' Date: 3/ #‘Q‘T
L AW’ L MgﬁQDS FOR ESTIMATING NEAR-_BAN_K_ s;l" 31_-:_55___ ) ]
_(1) 'Fréﬁsverse bar or.;bilt“éﬁarﬁn;;lge‘ntral bar crné;t;rhn'giﬁéglmghm\.rellomty gradlent ’ i Level IM i Reconalssance _ j
-(2-). Channel paftern (Re/W)....... JE— LE\IéI II - ‘General Predmtmn |
-(25; Ratio of pool slope to average water §urf§ce slope (Spl Si Level TI -. General Fredlctlon
) e fo rifﬂzi: slope(‘S'p. I—S,,f) . -Evegé'mﬁ. I: Général Predlctlon
ank m"en;l;ﬁﬁmrﬁ-d;ﬁthht:vt;glgfﬁli mean depth(dnbl dbkf) .................... 1 ‘Level I Detailed Prediction |
(©] Ratio of near-bank shear stress to bankfull shear stress { Ty / Ty ) .y Level I ”Detalled Predlctlon‘ N
N Velo;n_t;r proﬁlesl Isovels / Velocity gradient.... Level TV ; ” Validation ]
— Transversekandlor central bars-short and/or discontinuous. .. .....NBS = High / Very High
B (1) |Extensive deposition ( continuous, cross-chammel )........cocuvvviiiniiiiicinin, NBS = Extreme
g Chute cutoffs, down-valley meander migration, converging flow (NBS#1)...covcvveve ceiinvnnienes NBS = Extreme
Radius of | Bankfull Near-Bank
Curvature Width Ratio Stress
(@) | Refleet) | Wygtest) | Rosw NBS
— Average Near-Bank :
:-3 @) Pool Siope| Slope Ratio S:I";;s Dominant
2 Sp S Sp/$S Near-Bank Sfress
- B e Il =4
Near-Bank -
() |Poc! Stoe|Riffie Siope|  Ratio Sr:rggs ‘E‘%ﬁ\\
Sp Srif Sp / Srif | - :
Near Bank{ Mean Near-Bank
®) N(Ijax Depth| Depth Ratio Stress B
b (feet) | d (feet) dnp / d NBS ;gﬁ' \ E‘\
= 5.5 | &y % VT = g
2 Near Bark Nt Baénk NZBatk | \rean | Average [PakfulShesl pouo | NearBank
| Max Depth| Slope | ShearStress| popihy Slope Stress Siress
(6) dp, (feet) Snb Top { ;b[ﬂz) d (feet) S T( Ibfftz) Top/ T NBS
Near-Bank
g Velocity Gradient Stress
% ), (ft/s/ft) NBS
—
Convertmg Values to a Near-Bank Stress RATING
Method Number
 Noar-Bank Siross RATINGS 1— W lelolaoal 6l 61 a.
Ve Low WA >300 | <020 | <040 . <100 <080 <100
i N/A | 221-300 020-040  041-0604 Y 0.80-105  1.00-120 |
_ NA T 201-220 041-080 081 57 1.06-1.14 121160 |
l‘., o 150-180  0.81-1.00 .1.20-1.80  2.01-2.30 |
Extreme Above | <150 >1.00 | > 1.60 > 2.30
Overall Near-Bank Stress RATING '
G:ATheRAM3-2-2008V1 st Field Day-SECTION Avam06-PAGE-A 27-EstNearBankStress.ds A 27
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Estimating Near-Bank Stress ( NBS)
Stream: L -I"Hf_ A,d\/\/\.&ﬂw _ Location: 54-0\ }Q+‘6O - [‘%4’ 45 _
Observers: 3/\/!'/‘ 5T Date: 5/& 1/ 07
. . METHODS FOR ESTIMATING I\iE_AR—BANK STRESS _ e
(1) Transversa b';_'a_n_'mq_r_ s__pg(t_gta'gnnellcentral bar creatlng NBSIhlgh ve!oclty gradient..........; Level I o Reconalssance
(2) hannelpattem(Rch) et 4 Level II N ‘General Predlc:tlon
3) Ratlo of pool slope to average water s fope (Sp/8).ccovereueros - Level T _ General Predlctlon
(4) Ratio of pool siope fo riffle slope(SplS,,f) O ————— Level It Genera! Predlction
(5) Ratio of near-bank maximum depth to bankfull mean depth ( dnbl dbkf) 4 Level 11 Detatled Predlctlon
() Ratm of near—bank c shear stress to bankfull shear stress(‘cnbl Thid )--- ; Level III - Detalled Predlctlon
@) Velocity profiles / isovels / Velocity gradient... ..., Level IV . Validation
—_ Transverse and/or central bars-short andfor discOntinEIoUS. ...vvvveneeeeiiniienens NBS = High / Very High
S (1) |Bdensive de_posmon { continuous, cross-channel ). NBS = Exireme
= Chute cutoffs, down-valley meander migration, converging flow (NBS #1).............. coveuneieee. NBS = Extreme
Radius of | Bankfull Near-Bank
|~ Curvature Width Ratio Stress
q @ )] Rofleed) | Wigreeh) | Re/w NBS
45 132 | LY [exgand-
— Average Near-Bank .
- gy | Pool Siope Slope Ratio Stress Dominant
2 ©) Sp s Sp/S NBS Near-Bank Stress
- CXFVeMe L
Near-Bank
(4 Pool Slope | Riffle Slope|  Rafio Stress
4 Sp sif | Sp/sif | NBS
Near Bank| Mean Near-Bank
Max Depth|  Depth Ratio Stress
®) | d,p,deed) | d(eet) dnp / 0 NBS
(==
=
% Near Bank | Near Bank Near-Bank Mean Average Bankfull Shear Ratio | Near-Bank
= Max Depth | Slope | ShearSiress | pepin Slope Stress Stress
(6) dpp (feet) Snb T lb[ﬁz) d (feef) S T{ Ib!ftz) Too/ T NBS
. Near-Bank
— ; Velocity Gradient Stress
g | (D (ft/s/ft) NBS
8
Convertlng Values to a Near-Bank Stress RATING
Method Number
Near-Bank Skress RATINGS %
) o 1. el al el 6l @
Very LOW__ NfA_ . »300 <020 <040 - <100 <080 <100
. Low N/A | 2.21-300 - 020-040  041-060 100-150 0.80-105 1.00-1.20 |
Moderate N/A  201-220  041-060 061-0.80  1.51-180 1.06-114 121-1.60 ]
_ High See  181-200 061-0.80  081-1.00 1.81-250 1.5-118 161-200
Very High . 081-1.00 . 1.01-120 251-300 120-160 201-2.30
L Extreme >1.00 .  >1.20 > 3.00 > 1.60 >2.30
k_.__'/ a——
Overall Near-Bank S tress RATING
G\TheRAMS3-2-20086\1st Field Day-SECTION Avvam06-PAGE-A 27-EstNearBankStress.xls A 27
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Estimating Near-Bank Stress ( NBS)
Sveam L - HIE lam ance. Crtocaton: @ -
Observers: 6}\/ -, 8D JET pate: 5/2{/07
... METHODS FOR ESTIMATING NEARBANK STRESS _ ]
('t) _Transversa bal‘__g‘l:s_f_aE[Q_glla}nnellcentral bar creatlng NBSIhigh \relocny gradient.... Level I L Reconalssance |
(2) Channel pattern (Re /W )... Le\_r_\?l ‘II o General PredlctionA i
(3) Ratic of pool s!ope ta averagewater surface slope (Spl S} vy Level I General Predlctlon
(4) Ratio of pool slope to Tiffte slope (Sp/ S )- o] Level TT General Predlctlon
®) Ratno of near-bank maximum depth to bankfull mean depth ( d,,bl dbkf) ; Level I Detaxled Pred:ctlon
(6) Ratlo of f near-bz bank shear stress to bankfull shear stress ( Ton/ Toig )- Level III Detalled Predtctlon
(¥g) Velocﬂy profi Iesi [sovels { Velocity gradient... ' Level IV ; Valtdatlon
— Transverse andfor central bars-short and/or discontinUOUS.....o.cvvevenrvviivinees NBS = High / Very High
o (1) {Extensive deposition { continuous, cross-channel ). NBS = Extreme
@ Chute cutoffs, down-vailey meander migration, converging flow (NBS #1).........ccc. weveenn......NBS = Extreme
Radius of | Bankfull Near-Bank
Curvature Width ;P Stress
Ratio
) Re (feet) | Weyelfeet) | Resw NBS
— Average Near-Bank
= : Siress Dominant
- 3 Pool Slope| Slope Ratio
3 @ | Sp 8 $p/8 NBS Near-Bank Stress
4
Modlerotel
Near-Bank
'( 0 Pool Slope [Riffle Slopef  Ratio Stress
Sp Srif Sp/ Srif NBS
NearBank| pean Near-Bank
Max Depth| pepth Ratio Stress
®) | dyfeet) | dgeet) | du/d NBS
E L/g 6- a; é /l 7 -/” 00/
? Near Bank | Near Bank [ Near-Bank Mean Average Bankiull Sheart i | Near-Bank
= Max Depth Slope Shear Stress Depth Stope Siress Stress
©) dnp (feet) Sib Tnb“bmz) d (feef) 3 T( lblftz) T/ T NBS
. Near-Bank
= @ Velocity Gradient Stress
2 ) (R1s/ft) NBS |
- |
Convertmg Values to a Near-Bank Stress RATING
Method Number
Near-Bank Stress RATINGS %
. Lo Tl aale ]l el el @
Very Low_ NIA . >300 <020 <040 <100 <080 <100
Low N/A 221300 020-040 041-060 1.00-150 080-105 100-120
Moderate NIA 201-220 041-060 061080 105-1.14 121-160_
- Hig_h See : 131 -2.00 A0_61 - 0.80 0.81 - 1. 00 1.81-2.50 115~ 118  1.61-2.00
- Very High () _ 1.50-180 . 081-100 ?:PJ: 120 251-300 120-160 201-230
Extreme Above | <1.50 >1.00 >1.20 >300 , >160 >2.30
Overall Near- B ank Stress RATING
A27



River Restoration & Nattral Channel Des:gn . : Sectlon C: BANCS Model

Worksheet c- 3. Summary form to estlmate annuals streambank erosion for various. study.
reaches.

Stream: MT 1o Z:'H‘]& AIQM Cf— — _ Locatlon I@M(‘/)mu orl. NC/ _
Graph Used: CO Jo ra_ojb A ] Eaﬂl{ )Date &;{/_ 01
Observers 5]\/#5 TET

-Station (ft)' - BEHI « ratlng NBS rating [Bank Length of |Study - . Erosion Erosion-
' ' ~ {(Worksheet. (Worksheet' efosion .fbank (ft) . |bank - . -|subtotal Rate -

A-14) o+ |A=18).. - Jrate. - - T ; héig-ht‘-_(_ft)='«.~.-‘»[(4-),><(5)x(_6)] (tonslyrlft)

V(adJectwe} (Flgure A- ‘(ft.:‘,lfyr) {£(7)127.} %

240cA25y | |- ] 1.3/ (5)}
_(ftlyr:_). : S § ,

060806040000800080080000000008088

Convert erosion in yds3lyr to tonslyr {mult:ply Total eros:on (yds3!yr)

K - - L
EI’OS!D!‘I |
by 1.3} ; _ o . s (tonslyr) ; )
=1 g
Calcuiate er05|on per unlt Iength of channel {dl\nde Total erosion Total - %, ;o
.(tonslyr) by total !ength of stream (ft) surveyed} 3 erbsion - :

i (tonslyrffty

Copyright © 2607 Wildiand Hydrology




iral-Channel Des;gn SECUGHC ‘BANCS Modet
Worksheet C 3;_ Summary form to estlmate annuals streamb ank erosuon for vanous study
reaches. . - |

Stream: YT +L‘> L:H'l& A}cvn C(‘..‘ _Location: Kar-/mq-]—an NC 1|
Graph Used: CO(o f(LJ@ o 5 an (j Date: 5'—-‘}]—07

BEHI rating |NBS rating 1 _ Ierosion Erosion-
. (Worksheet (Worksheet Ibank (ft) ' subtota-l Rateé - :
(tbnslyrift?)
{[(7):‘27] %

1.3/ (5)}

PPT PV IIYYY

Convert erosion in yds3lyr 10 tonslyr {multlply Total erosmn (ydssly )
by 1. ki3 '

eros:cm '
(tonslyr)

Calculate erosmn per unat Iength of channel {guwde Tetal erosmn
. (tonslyr) by tot 1| Iength of stream ) surveyed} T

assaaaaaasssaa

&34 o Copyright © 2007 Wildiand Hydiology



Bank Angie (H)
Bank

n Q0O
\! ‘us Y \[\ as .’.A)_e_g?nlaees = / (H) q
{,‘(\Y % Surface Protection (1)

PrSo[i;f:tci?)n éO“) 375

BEHI Variable Worksheet . '
| L s 1
stream: UT 1o Lr\-\-‘HF/ A _la\{ﬂeach: Cross Seation: X- S Cr‘_* 3 (
Observers: 3/\[ PJ, U'ET K:\\?\J ,\—\\ ﬂo{\ Date: 5—-&!*0"]
BEHI1 Score ‘
Bank Height / Max Depth Bankfull ( C ) (Fig. v-15) |
Study (A) : (B) ‘
Bank Bankfull (myi(B)s [ 7}
Height ( ft) = L/ Height (ft) = D, L{ [ (C) 7' 5 '
Root Depth / Bank Height ( E ) {
Root (D) ~ Study (A) _ _ -
Depth l Bank )_' (DY/{(A)= ,215 7 (
(ft)= Height { ft) = (E)
Weighted Root Density (G ) {
Root (F) {
Densi (F)x(E) = 5
ety | /(3 g % O}
(
(
{
(
{
(

as%h =
Bank Material Adjustment: |
Bedrock {Overall Very Low BEHY) = > Bank Materials N
Boulders (Overall Low BEHI) Adjustment 5
Cobble (Sublract 10 points. if sand/grave! matrix greater than 50% of L_____ ‘
bank matertal, then do not adjust) : Stratification Adjustment (
Gravel {Add 5-10 points depending percentage of bank material that is Add 5'10 points, depending on
composed of sand) position of unstable fayers mn (]
Sand (Add 10 points) Silt Clay (no adjustment) relation to bankfull stage (
veEryLow| LOW [MODERATE| HIGH | VERY HiGH | EXTREME - ADJECTIVERATING ___ (
5-95 | 10-195 | 20-205 | 30-305 | 40-45 )| 46-50 TOTAL SCORE 0:5 (
—
Bank Sketch (
12 g e oo o mean e e e e ; 4
11 A
10 (
g o s (
o 8 :
g J ! (
s 7 i
|77} ]
a %1 , (
g 5 {
5 2]
> 3 (
2
1] (
0 . . . . {
0 1 2 3 4 5 6 ‘
Horizantal Distance (ft)
. 4 ‘
G:\TheRAM3-2-2006\1st Field Day-SECTION Aram05-PAGE-A 25-BeHiVariableWrkSht xls A 25 (
(



BEHI Variable Worksheet

) XfSéch 3

Stream: #{ T Yo L/} Hﬂ \AIMReach: Cross Segction: O{ /4 o
ovverss BNE, TET LeLd & ZiohY banl pate: 5-2407
BEHI Score
Bank Height / Max Depth Bankfull (C ) (Fig. v-15)
Study (A) (B)
Bank Bankfull /8y |, 15 L/
Height (ft) = Z Height (ft) = <. Lf' /) (C)
Root Depth / Bank Height { E )
Root (D) Study (A) .
Depth Bank (D)Y/(AY4,
(ft) = j Height (#) = g 3(E) é
Weighted Root Density ( G )
Root (F)
Density | £/~ | (F)x(E)= /X 4
as % = (G)
‘ Bank Angle (H)
Bank
~ Angle éo L—I
\ as Degrees = (H)
3 ‘ Surface Protection (1)
Surface
Protection 50 6/
as% = (1)
Bank Material Adjustment: !
Bedrock (Overall Very Low BEHI) Bank Materials
Boulders (Overall Low BEHI) = > Adjustment 5
Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of I
bank material, then do not adjust) : Stratification Adjustment

composed of sand)

Gravel (Add 5-10 points depending percentage of bank materiai that is

Add 5-10 points, depending on
position of unstable layers in
relation to bankfull stage

Sand {(Add 10 points) Silt Clay (no adjustment)}
VERYLOW| LOW | MODERATE| HIGH | VERY HIGH | EXTREME "~ ADJECTIVERATING
5-95 | 10-195 | 20-205 |/30-305) 40-45 | 46-50 TOTAL SCORE
e
Bank Sketch
12 - - . TR T e T R
11
10
€ °]
g o
8 ]
a6
g o
5 27
> 3
.
.
03— . . '
0 1 2 3 4 5

Horizontat Distance {ft)

G:ATheRAM3-2-2006V1 st Field Day-SECTION Aram06-PAGE-A 25-BeHiVarableWikSht s

A 25
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BEHI Variable Worksheet

} oM\ Reach: Cross Sectiop: X ~$ €&t L/

Stream: MT 4o LIHIEJA

L_ako

_/ \
observers. BNE L 9 E ] / f»H- l rfg}\\\’ ' bo»flly(, Date:
vy
BEHI Score
Bank Height / Max Depth Bankfull {( C ) (Fig. vV-15)
Study (A) : (B) / O
Bank Bankiull (AY/(B)= }
Height { ft) = AN Height (f) = & l (C)
Root Depth / Bank Height (E )
Root {D) Study (A) _ .
Depth | Bank N [ (D)I(A)=®t5 [f
(ft)= Height ( &) = ; (E}
Weighted Root Density (G )
Root | (F) (Fyx(E) ‘1 7
Density x =
ue | 4O Oe)
' Bank Angle (H)
0[ Bank
Angle 5
M Q 6{\0:R'€/ as Degrees = 70 {H)
Surface Protection (1)
Surface 50
Protection ‘% L/
as% = (1)
Bank Material Adjustment: |
Bedrock (Overall Very Low BEHD) Bank Materials
Boulders (Overall Low BEHI} = > Adjustment 5
Cobbile (Subtract 10 points. If sand/gravel matrix greater than 50% of |
hank material, then do not adjust) : Stratification Adjustment

Add 5-10 points, depending on
position of unstable layers in
relation to bankfull stage

Gravel (Add 5-10 points depending percentage of bank material that is
composed of sand)

Sand (Add 10 points) Silt Clay (no adjustment)
VERYLOW| LOW | MODERATE| HIGH | VERY HIGH | EXTREME - ADJECTIVERATING
- Nevscd D > and
5-95 | 10-19.5 }20-293) | 30-305 | 40-45 | 46-50 TOTAL SCORE D.\S
N
Bank Sketch
12 o — e e e s s e R i p
T
10 i
g 9]
g ¥
8 77
2 o -
™ 5
(&) -3 .
> 3 i
2
i
01 ;
0 1 2 3 4 5 6
Horizontal Distance (ff)

G:\TheRAM3-2-2006\1st Field Day-SECTION Avram06-PAGE-A 25-BeHiVariableWrkSht xis
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BEPL@r Variable Worksheet

stream: A7+ LfHJC A[Oﬂ,Reacl;: I-Q—\-‘%D - H'\';LQ Cross Section: X~ $€.,(,+ é

G:ATheRAM3-2-2006\1st Field Day-SECTION Avram06-PAGE-A 25-BeHivariableWrkShtxls

{
(
(
Observerss BNF, T LT Lol Banil Date: 5-21-0]7
- S
BEHI Score (
Bank Height / Max Depth Bankfull (C ) (Fig. v-15) ||
Study (A) (B) / 0 {
Bank Bankiull {AYI{B)= \ {
Height (ft) = 2 Height () = D\ (€)
Root Depth / Bank Height ( E) {
Root (D) Study (A) y ) {
Depth Bank (D)/(A)= l 6
(ft) = <) Height ( ft) = BN (E) ‘
Weighted Root Density ( G ) {
Root | (F) [
Density E)yx(B) =l KO 75
as % = 5 O (G) ' ‘
: Bank Angle (H) {
\(J Bank 6 L/ {
Angte
O as Degrees = Q (H) (
Surface Protection (1) {
Surface 3 (
Protection é S
es% = O] 2. {
Bank Material Adjustment: ; {
Bedrock (Overall Very Low BEHI) ~ > Bank Matenrials ¢
Boulders (Overait Low BEHI) Adjustment 5
Cobble (Subtract 10 points. If sand/gravel matrix greater than 50% of I — ‘ {
bank material, then do not adjust) : Stratification Adjustment (
. " . . Add 5-10 points, depending on
Sor'a;“szlsﬁjdgff;—; r?d;;omts depending percentage of bank material that is Dosition of unstable layers in (
Sand (Add 10 points) Silt Clay (no adjustment) relation to bankfull stage (
VERYLOW| LOW | MODERATE| HIGH | VERY HIGH | EXTREME T ADJECTIVE RATING _________| {
5.905 | A0-195) 20-295 | 30-395 | 40-45 | 48-50 TOTAL SCORE / / (
~~—"" Bank Sketch (
:f :f.. . e T— - U, .T....__ : _“_]k__—.( ‘
1 : Root
10 Deptn
g 9 ; {
e § : Bank
@ 8 i
i P NE
ﬁ 6+ £y g g2
[ 5 = =]
£ ] 25 a2 |
% 4 i ¥ 5 f.
> 3 — e /---\_551—- {
2 T Start
1] L of {
0 T r . - Bank ‘
0 1 2 3 4 5 (
Horizontal Distance (ft) {
A25 (
(



' Estimating Near-Bank Stress { NBS)
[stream: AT +o Li ++ [ Alam] Losation: L3241 negten, N /OO0 to O4BO
‘|Cbservers: 5N A ) q]n-\— RBan LL, Date: 56— A} Q'f
f o o METHODS FOR EsT IMAT{NG NEAR-BANK STRESS e e s oo ]
"- E‘t) “Tra_nsversa bar or spllt channellcen_t‘rka‘l_gaffﬁegﬂng NBSIhtgh ve!oclty gradlent Level I © “__F\:icqnalssance ]
|@ Channel pattern (Re/W)... VRSO — S 0 | R <12 I
(3 Ratio of poot slope to average wa}ter §Erface s[ope(spl ) S—— el Level o 'Gengrﬁ!_Pred!chon
f(4) Ratlo of poot slope fo fiffle slope ( Sp/ Siir)..vvvrvvevrrereveeeercs: - LeVF_'_ i  General Prediction
1 ‘Ratto of near-bank maximum depth to bankfull mean depth (dnbl dbkf) Level IH VDetallg_d Pr_e:d_!cyon
{(6) Ratio of near—bank shear stress to bankful shearrstress_ (Tab/ Togg )-- Level T . Detalled Prediction
1(7) Velocity proﬁtesllsove1sl Velocity gradient. .. Level IV ,l Valldatlon
—_ Transverse{ andfor central bars-short andfor discontinuous.........ccocivivieenncnns NBS = High / Very High
T (1) {BExtensive deposition ( continuous, cross-channel o.........oveererreceiaciiscnrmneissreenn NBS = Extreme
4 Chute cutoffs, down-valley meander migration; converging flow (NBS#1).........c.... .............NBS = Extreme
Radius of | Bankfull - | Near-Bank
Curvature {  Width Ratio Stress
(2 | Re(feel) | Wygteet) | Resw NBS
» Average ] Near-Bank
= q Pool Slope| Slope Ratio Stress Dominant
2 @ Sp s Sp/S NBS Near-Bank Stress
el
extreMe
Near-Bank
@ Pool Slope |Riffle Slope]  Ratio Stress
Sp Srif sp/sif | NBS
Near Bank! Mean Near-Bank
Max Depth| Depth Raftio Siress
®) | duffeet) | d(feet) | dup/d NBS
E L’Ia Q ]l g L{ edX/"'I"r
% Near Bank | Near Bank | Near-Bank Mean Average Bankfull Shear Ratio | Near-Bank
. Max Depth| Slope |ShearSiress| pepth Siope | = Stess Stress
©) dpp (feet) Sin Ton { Ib!ﬁz) d (feet) S T (|bm2) Tw!T NBS
> -| Near-Bank
= Velocity Gradient Stress
g | O (ft7s/ft) NBS
s
;‘E Convertmg Values to a Near-Bank Stress RATING
Method Number
Near-Bank Stress RAT[NGS
[~ B ,_"Sl_}fAf T.L o "“"(‘?‘)"‘ o l—‘ o '(L"'g.'?ﬂ:'?.'.".'i" o ‘.7:‘%:)1::1': ‘“_L‘."(_'s."‘):'_' J:' B ‘("@2‘ B :l.'. (7) =
i VVery Low__ S , >300 . <020 : <040 . <100 : <080 <1 00
_ o LQ\:‘!{ D 2 21- 300 0.20 -0.40 . 0.41-0.860 109-159 ~0.80-1 05"’-‘_1 00-1. 20
i MQ.@?@??. C. NMIA U 201-220 041-060 1 061-080 | 1.51-1.80  1.06-1.14 1.21-1.60 |
! L High 181-200 0561080, 081-100 . 181-250  1.15-149  161-200
. . Very High | 1.50-1.80  0.81-100 101-120 ' 2. §1-3.00 1.20-160  201-230
Extreme . <150 >100 , >120 . >‘3oo) . >160 , >230
Overall Near-Bank S tress RATING €. "m q_
A27
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Estimating Near-Bank Stress { NBS)

Jof+

.Stream T 1o L:H’]{ A‘/O\ﬂ\, _Location: Neoy X-SEc é
£ TET S s

Observers:

MEITHODS F‘OR ESTIMATING NEAR-BANK STREss

Date 5 -Q\E Z

(:i) Transverss bs or spht channeilcentral bar creating NBSIhlgh velomty gradxent Leve! I o Reconals“sance A
-(2) Channel pattern (RE/W )oow oo ooe oo e e —— Level II _"General Predlctlon i
-(“3-)' Ratio of pool slope to averagewatersurfaoe s[ope(S IS) - ; Level\I? General Prediction
.(:t‘ijatno of pool slope to nfﬂe slope(splsnf) N .. Level I rGeneraI Predlctlon |
(5)‘ Ratio of near-bank maximurn depth to bankfull mean dép:ﬂ:ltdnbfdbk{) e ] . Detalled Predlctlon_ |
(6) ”Ratm of near-bank shear‘s—t.res.s—{o iJankqu shear stress (T / Toig )- , Level T ”Détarled”ﬁr'édlctlon N
() Veloity profiles / Isovels / Velocity gradient........... —......o..o.ooersrrs oo [level IV . valdaion
- Transverse andfor central bars-short and/or discontinuous...........................NBS = High / Very High
S (1) |Extensive deposition { continuous, cross-channel ).........ccoiiiiinini NBS = Exireme
] Chute cutoffs, down-valley meander migration, converging flow (NBS#1).............. .............NBS = Extreme
Radius of | Bankiult Mear-Bank
Curvature Width Ratio Stress
(2) | Recfeed) | Wygtlee) | Re/W NBS
_ Average Near-Bank
= Pool Slope{  Slope Ratio Stress Dominant
é (3) Sp S Sp/S NBS Near-Bank Stress
Hrah
Near-Bank N
'( 4 Pool Siope |Riffle Slope|  Ratio S:;;s
Sp Srif Sp / Srif
Near Bank| Mean Near-Bank
Max Depth|  Depth Ratio Stress
®) | dyptleet) | d(est) | dw/d | NBS
= 271 L] 1495 hiah
2 Near Bank | Near Bank | NearBank | ppo | Average [BaNkulSheart  pogy | Near-Bank
- Max Depth| Slope |ShearStress| pepth Slope Stress Stress
©) | dupteet) | Spp |7, (Ibi2)| dGeed) S Ty | T/ T NBS
Near-Bank
? Velocity Gradient Stress
% N (ftisift) NBS :
?? Convertmg Values to a Near-Bank Sfress RATING
Method Number
NoarBankSiess RATNGS — T @ I @ 1 @ ] & [ ©® | @
| Very Low WA >300 <020 | <040 | <100 <080 . <100
. o kow NIA 221 -3 00,:.,0 20 040,.;_,Q-.‘?.“”:Q-.@_;_“ 1.00-1.50 0.80-1.05 1.00-1.20 j
Moderate | N/A 201-220 041 .'9_;69,.,:,.9:??? -0.80  1.51-180 1.06-1.14 1.21-1.60
. High_ See . 181-200 061-080 081-1.00 <4.81-250) 1.15-1.19 161200
. Very High () . 150-180 . 081-100 101-120 251-300 1.20-160 201-230
Extreme Above | <150 > 1.00 >120 . >300 >160 ;. >230
Overall Near-Bank Stress RATING] 4.3 I
J =
GATheRAM3-2-2006V1 st Field Day-SECTION A\ram08-PAGE-A 27-EstNearBankStress.xis A 27




Estfmatmg Near-Bank Stress { NBS)
|stream: m Yo Lile Alom, Losaton J(#Qs 4o HFHS -
|observers: é/\/F Y =T ﬂr Q —\- Date: 5—— Q g Z
) METHODS F‘OR E’S’T‘lMATlNG NEAR—BANK STRESS e e ot s o
i (1) Trapﬁ\f_rie_EaL qt-fgl!g_gl:[gpgg[lcentrai'brarvggating NBSIhIgh veloclty gradaent..._.m..‘.._.._._.j_‘ Laye_i I e Reconatssance )
{2 Channel pattern (Rc/W )... e .; Level _E o )Genera[ Predlctlon )
(3) Ratio of pool siope to average vggtef surffce slope { Spl 8)... . Leyei H . General P Pred:ction f
@ Ratlo of pool siope fo Y €Y ) I —— ] Level T General Predlctaon
5 Ratlo of near-bank maximum depth to bankfull mean depth (d,,bl dbkf) Level I Detalled Predlctlon
(6) Ratio of near-bank shear siress to bankfull shear stress ( Tnp/ Toug i “Level I Detalled Predlctlon
N "Velocity profiles / Isovels / Velocity gradient... et e e aea ; Level TV ‘; Validation
—_ Transverse and/or central bars-short and/or discontinuous..........ccoceveeeen. NBS = High / Very High
T (1) |Extensive deposition (continuous, cross-channel ). NBS = Extreme
@ Chute cutoffs, down-valley meander migration, converging flow (NBS #1).............. .............NBS = Extreme
Radius of | Bankfull Near-Bank
Curvature Width Ratio Stress
(2 Rc (feet) | Wy (feet) Re/W NBS
(5 T 1S | lhasextl
. Average '| Near-Bank
= 3 Pool Slope|  Slope Ratio Stress Dominant
£ @) Sp S Sp/S NBS Near-Bank Stress
o}
extremc ]
Near-Bank
‘( 4) Poo! Slope {Riffle Slope] Ratio Stress
Sp Srif Sp / Srif NBS
Near Bank{ mean Near-Bank
Max Depth| Depth Ratio Stress
®) | dylee) | dieed | dun’/d NBS
—t
=
S Near Bank | Near Bank { NearBank | oo | Average [BankiullShead gagg | Near-Bank
-, Max Depth| Slope | ShearStress| pepth Slope Stress Stress
©) Ao (feet) Snb Top { Ibiﬁz) d (feet) S T{ lblftz) Ton /T NBS
E -} Near-Bank
=~ Velocity Gradient Stress
2 | (@ (/s /) NBS
4
Convertmg Values to a Near-Bank Stress RATING
Method Number
Near-Bank Sfress RATINGS
73.'. P B — _:" ‘L _—l“ l el '="_'_'£_"4;‘)?_’_'_“‘, f'_‘J'_J".Z,: '.’(ﬁ"?‘.‘ﬁl"fr",'!;ﬁclq ‘("§L)‘ P . ‘("'Q‘
. __Very LOW.._ e NIA i‘,FiElQ.,_,....e,....‘ <°2Q_..__.._ sed40 . <100 - <080 = <100
N - Llow NIA | 221-3.00 - 0.20-0. 40 . 041-0.¢ 50 1.00-1.50 080-105 1.00-1.20
X Moderate C NA L 201-220 ° 041- 060 i_.,_1 51-1.80 - 1.06-1.14 121-160 |
High . See | 181-200 061-080, 031 1 .00 1.81-250 1.15-119  1.61-200
. M’%ﬂﬂ'_&lﬂ (h . 150-180  081- 1.-_0.9,..:.__1-01 1.20 | 251-300 120-160 201-230
Extreme Above <1.50) . >1.00 >120 ;. >300 : >160 , >230
——Overall Near-Bank S tress RATING ‘6)(""‘ VEM l |
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; Estimating Near-Bank Stress ( NBS)
|stream: LT }e. L/ tHe Alar __Location: fiear y-3e ¢+_ g YIS R I&Jr‘f O
|obsevers: B 3’ -C‘(' 4—1 h Date: 53, | 1
_(1) ‘“!'Arajﬁ\ff_r_s_a _Egr or.;biltﬁéﬁéﬁﬁgif;entra_l bar__gg_eg_ttng NBSIh:gh Vdé;ﬂ?ra:‘!;l‘;tw ) = F_l_ef;onalss;-:‘:e j
‘|@ Channef pattern (Rc/W )... e s s s e o 'General Prediction |
; (3) Ratio of pocl slope to average ! water surface slope ( Spl S ) L General Predictlon '
1@ Ratio of pool slope fo riffle slope (Sp/ Spf)..ocveevriernineieeens - General Pred: ron ‘
(5) Ratio ar-bank n}axlmum depth to bankfull mean depth ( dnbl dbkf) _Detaile_ed Predlctlon '
(6) Ratio of near-bank shear stress to bankfull shear stress ( Top/ Tyt )-.- . ; “Level HI  Detailed Predict:on -
() Velacity prof' iles / tsovels / Velocity gradient... . " Level IV ; \_lglldatlon
— Transverse and/or central bars-short andfor discontinuous. _...................... NBS = High / Very High
B (1) [Extensive deposition ( continuous, cross-channel ... ....oeeveveree e eceeerrercmeesneennnes NBS = Extreme
9 Chute cutoffs, down-valley meander migration, converging flow (NBS#1).............. .c.ciienne NBS = Extreme
Radius of | Bankfull Near-Bank
Curvature Width Ratio Stress
(@) | Rc(eet) | Wyqlfee) | Res/W NBS
= 9 Pool Slope} Slope Ratio Stress Dominant
2 @ Sp S Sp/S NBS Near-Bank Stress
-
Lov
Near-Bank
“ Pool Stope | Riffle Slope]  Ratio Stress
) Sp Sif | Sp/srif | NBS
Near Bank{ Mean Near-Bank
Max Depth Depth Ratio Stress
®) dnp (feet) | d (feeb) d/d NBS
2 Near Bank | Near Bank | NearBank | oo | Average | Bankfull Sheall  pasio | Near-Bank
- Max Depth| Slope | ShearSiress| pepth Slope | Stess Stress
(6) dy (feet) Sob Top { ]b[ﬁz) d (feet) S T( Iblﬁz) T/ T NBS
> Near-Bank
) Velocity Gradient Stress
% {7 (ft/s/H) NBS
-l
Convertlng Values to a Near-Bank Stress RATING
Method Number
Near-Bank Stress RATI NGS
A1 @8 i el e l & 1.6 | O .
- Veylow NIA 0. L SA00 <080 | <100
. o bow L NA 0 20-0.40 . 041 -0 60 1.00-1.50 0 80-1. 05,.,,1,,1.-90,,', 120 |
i Moderate NIA .2.:91."...%29. .__9..-_‘!1.-..9_-159. _061-080  151-180  1.08-1.14 121-160 |
. High See | 181-200 061-080  081-100 1.81-250  1.15-119  161-200
.. - Very High ) [ 150-180  081-100 101-120 2 51-300 1.20-180 ~ 201-2.30
Extreme Above <1.50 >100 ; >120 >300 . >160 . >230
Overall Near- Bank Stress RATING /. 0 1~ /
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Appendix D

BMP Design Calculations
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ROADS & RELATED ITEMS UTILITIES L ooce Surface TOPOGRAPHY VEGETATION
Prop Woven WiesFence ... oo BsPoe...... e Eising Voods Line SE—
Prop. Chain Link Fence .................... —3—g—  Exist. PowerPole ........................... é  ChangeinRoad Surface ................... ..c.ooein... Existing Tree {B
Prop. Barbed Wire Fence .. .................. —&—<&—  Exist. TelephonePole ................... . ... S Cuth
SiltFence. ................................... —SF— ist. JointUse Pole ......................... & oo et
1 ' ence ; SF Exist. JointUsePole ... ... ... ... .. .......... Y Right OfWay Symbol _______________________ R/W
Exist. Guardrail ... ——————- Telephone Pedestal ......................... 0  Guard Post ocr
Prop. Guardrail ............................ Cable TV Pedestal  ........................ ©  Paved Walk
Equality Symbol ............................ ® Hydrant AV WA o e e -
"""""""""""""""""""" ¢ Bridge ...
RIGHT OF WAY Exist. Water Valve ....................... ®  Box Culvertor Tummel - -:.:::icicsreieicices. j= == = = it
Right of Way Marker ....................... A Sewer Clean Out ... @ Culvert ), - - - - - -T
Exist. Right of Way Line w/Marker ... — A — PowerManhole ... ® Footbridee v
Prop. Right of Way Line (by others) ........ e WVaLLET Manhole ... ® Tmil Footpath ............................. — — -
Prop. Right of Way Line (by contract) ... .. —— LightPole .................................. a
Exist. Control of Access Line  ........... ... — Power Line Tower .......................... X STREAM IMPROVEMENTS
Prop. Control of Access Line ................ _é_ Polewith Base ............................ a
Exist. Easement Line . ....................... ——.. ——— Power Transformer .......................... eg’é%)éég(ggg%l of Proposed Boulder............. .\
Prop. Temp. Construction Easement Line ..... ¢ Guy Wire Anchor ... - Approx. Location of Proposed Boulder, .. ... ... . ... A
Prop. Temp. Drainage Easement Line ........ __ g Sanitary SewerManhole ..................... ®  Cross Vane (See Detail)
. : Storm Sewer Manhole ......... ... ... ... ... ® Approx. Location of Proposed Boulder. .. ... ... ... .. .. ) Q
Prop. Perm. Drainage Easement Line ... ——oe—o Tank: Water. Gas. Oil 0O Double Wing Deflector (See Detail)
BOUNDARIES & PROPERTIES Recorded Water Line  ...................... E‘\Sggfg’;mﬁf)caﬁm of Proposed Rootwad ...........3 =}
Sanitary Sewer ... .. ... .. ... ... ......... —g—ts— -
Property Line Surveyed....................... O Recorded GasLine .. ... .. ... ... . ... . ...... ¢ ¢_ ﬁﬂ%rgﬁ'l%ggf %gar(li;) gég‘f;’:fﬁlf’ fream ...
Property Line Not Surveyed. .................. —H#— StormSewer ... —s—s— Proposed Oxbox Pond/Wetland -~~~ -~~~ =-==--+- Fy_"'a
Exist. Iron Pin 8 Recorded PowerLine ....................... — oo (See Detail)
Property Comer . ...... ... I - Recorded Telephone Cable ................. f—r Approximatc Limitsof Buffer................. ======"
Property Monument ... ..................... 2 Recorded U/G Telephone Conduit .......... _ ve—ic— Existing Thalweg.......................... mhemeeTmee -
§ Property Number ... @ Exist. Water Meter ........................... o ExistingTopofBank ........................
| e Number T ©  DsOvemdPowerline ... —oc—ot- Proposed Thalweg ........................ —_—
T . i Underground Ul e Propossd BankRUl T
g Existing Wetland Boundaries ................. ---me--= OR STRUCTURES Slope Stake Line .......................... - T
; PT(TPO.S@d Wetland Boundaries ............... s Bridge, Tunnel, or Box Culvert . ... .. C =]
: Buildings ...................ccooiiii i | Bridge Wing Wall, Head Wall -
$ Foundations ................................. = andEndWall ......................... Jeore wn(
O
3 HYDROLOGY MINOR
8 Stream or Body of Water ... ... .. ... ... — Head & End Wall  ........................ /conc e N
g Flow Arrow ... —_———— Pipe Culvert ............................... —_— ==
g Disappearing Stream ......................... > — Footbridge ........................ —_—_———— <
2 SPHENG . o —_ Drainage Boxes .......................... Oee
£ Shoreline .. .. ... ... . ... .. mmmmeme.
8|  FausRapids. ... s
é PRELIMINARY PLANS |woars carouma oeparruent oF envmomsenr ano naTuraL RESOURCES
.g DO NOT USE FOR CONSTRUCTION ECOSYSTEM ENHANCEMENT PROGRAM
§§ G & M of North Caroling, inc, )
8% WWW.ARCADIS -US.CoM " LITTLE ALAMANCE CREEK
i s Sy b e e it comts e o
3 , RES | 10/24/07 | ORAFT RESTORATION PL
53 Tel: 919/854-1282 Fax: 919/854-5448 DESIGN ENGNEER . BY uu_m LEGEND SHEET NO, 2
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MORPHOLOGICAL CHARACTERISTICS OF THE EXISTING AND
PROPOSED CHANNEL WITH REFERENCE REACH DATA
LITTLE ALAMANCE CREEK
Benbow Park Park © Friendly Brown Branch u/s
Varlables E xlsting Channel | Proposed Reach Reference Reach Reference Reach Reference Reach
1. Stream Type (] C 4/1 Cq [X] C.
2. Drai, Area (sq.mi) 42 42 07 02 077
_3353nk;ull Width (WbkfJ fT Mean: 362 Mean: 362 Mean: 209 Mean: 95 Mean: 1]
Range: 318-42.5 | Range: Range: Range: Range:
4. Bankfull Mean Depth (dbkf) ft Mean: 26 Mean: 26 Mean: 17 Mean: 14 Mean: 16
Ra 22-29 Range: Range: Range: Range:
5. Width/Depth Ratlo (WDkf/dbkf) gean: 51227”0 gean: 138 %ean: 124 gean: 69 %ean: 93
ange: 116~ ] ange: ange: ange:
6. Bankf ull Cross -Sectional Area Mean: 950 Mean: 90 Mean: 353 Mean: 30 Mean: 243
(ADkf) sq It Range: 79.3-1250 | Range: Range: Range: Range:
7. Bankf ull Mean Veloclly (VDkf) Tps | Mean: 25 Mean: 25 Mean: . Mean: . Mean: *
Range: Range: | Range: Range: Range:
8. Bankfull Discharge,cfs (Obkf) Mean: Mean: Mean: . Mean: . Mean: .
Range: Range: Range: Range: Range:
9, MaxImum Bankfull Depth (dmax) T Mean: 40 Mean: 40 Mean: 3/ Mean: 20 Mean: 26
Range:  39-4.1 | Range: 39-44 Range: Range: Range:
10. Ratlo of Low Bank Helght to Max. | Mean: 12 Mean: 10 Mean: 10 Mean: 14 Mean: 10
Bankfull Depth (Bhiow/dmax) Range; 10-14 Range: | Range: Range: Range:
11, Width of Flood Prone Area (Wfpa) ft| Mean: 940 Mean: > 800 Mean: 400 Mean: 300 Mean: 300
Range: 700-1200 | Range: Range: Range: Range:
12. Enfrenchment Ratlo (Wfpa/Wbkf) Mean: 26 Mean: > 22 Mean: 19 Mean: 32 Mean: 20
Range: 2/-38 Range: Range: Range: Range:
13. Meander Length (Lm) ft Mean: 3610 Mean: 3610 Mean: . Mean: . Mean:; .
Range: 227.0-5590 | Ra 22710-5590 | Range: Range: Range:
14, Ratlo of Meander Length to Mean: 100 Mean: 100 Mean: . Mean: . Mean: .
Bankfull Width (Lm/Wbkf) Rai 6.3-154 Range:  6.3-154 Range: Range: Range:
15. Raduis of Curvature (Rc) fT Mean: 5.0 Mean: 50 Mean: . Mean: . Mean: .
Range: 45.0-2200 | Range: 450-2200 | Range: Range: Range:
16. Ratio of Radlus of Curvature fo Mean: 32 Mean: 32 Mean: . Mean: . Mean: .
Bankfull Width (Rc/Wbkf) Range:  1.2-6.J Range: 12-6J Range: Range: Roange:
§ 17. Belf Width (Wbif) Tt Mean: 700 Mean: 70 Mean: . Mean: . Mean: .
M Range: 330-2550 | Range: 330-2550 | Range: Range: Range:
3 18. Meander WIdih Ratio (WbIT/WOkT) | Mean: 19 Mean: 19 | Mean: . Mean: . Mean; .
e Range:  09-70 Ronge:  09-70 Range: Range: Range:
H 19. Sinuosity (Stream length/valley Meoan: 12 Mean: 12 Mean: . Mean: . Mean: .
; distance) (k) RanLOIUéB_ % Range: Range: Range:
§ 20. Valley Slope (fT/f1) Mean: Mean: Mean: . Mean: . Mean: .
5 Range: Range: Range: Range: Range:
o 2l. Average Water Surface Slope or Mean: Mean: Z] Mean: . Mean: . Mean: .
£ Bankful Slope for Reach (Sbkf or | Range: Range: Range: Range: Range:
g Savg)=(Svalley/k) f1 / ft
z . Pool Slope (Spool) ft / Tt gean.- 0 g.gggg 5 gean.- 00 %ean.- . gean.- . gean.- .
3 ange: . ange: ange: ange: ange:
3.. 23. Ratio of Pool Slope 1o Average Mean: 02 Mean: 00 Mean: . Mean: . Mean: .
g Slg% (s@;/som Range:  00-06 | Range: Range: Range: Range:
g , Maximum Pool 'h (dpool) 't gean.- 58 16.9 gean: 5.56-16.9 %ean.- . gean.- . gean.- *
g ange: = |_Range: ange: ange: ange:
s 25, Ratlo of Maximum Pool Deplh To Mean: 23 Mean: 23 Wean: . Mean: . Mean: .
§ Bankfull Mean Depth (dpool/dbkf) | Ra 21-27 | Range:  21-27 Range: Range: Range:
£ 26. Pool Width (Wpool) ITr Mean: 376 Mean: 376 Mean: . Mean: . Mean: .
8 Range: 32.3-42.3 | Range: 32.3-42.3 | Range: Range: Range:
2 = Geomorphic data nol collected due NORTH CAROLINA DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
g to existing design constraints. The AR ADI S PRELIMINARY PLANS ECOSYSTEM ENHANCEMENT PROGRAM
S ma jorily of the work on site will c DO NOT USE FOR CONSTRUCTION
§§ consist of Enhancement I, Ranges G & M of North Caroling, inc, s
83 for restoration areas were developed WWW.ARCADIS-US.COM : LITTLE ALAMANCE CREEK
£ around the existing site constraints. 80 Corporate Center Drive, Suite 300 R T Lo L ALAMANCE COUNTY, NORTH CAROLINA
‘;g Raleigh, NC 27607-5073 T ] 0724707 |ORAFT RESTORATION PLAN |
a2 Tel: 919/854-1282  Fax: 919/854-5448 0ESICn ENCAEER oY DATE | OCSCRPTon O REwsow | WORPHOLOGICAL TABLES -PROPLAC- SHEET NO. 3
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Oaote:l/25/2008

Benbow Park Park @ Friendly Brown Bronch u/s
Variables E xisting Channel Proposed Reach Reference Reach Reference Reach Ref erence Reach
27. Ratlo of FPool Width to Bankfull Mean: 10 Mean: 10 Mean: = Mean: * Mean: =
Width (Wpool /Wbkf) Range: 09-12 Range: 09-12 Range: Range: Range:
28, Bankfull Cross—sectional Area af Mean: 02 Mean: 1402 Mean: = Mean: * Mean: *
Pool (Apool) sq 1 Range:  1210-1566 Range:  I210-1566 Range: Range: Range:
29, Ratlo of Pool Area to Bankfull Mean: [14] Mean: 10 Mean: = Mean: * Mean: x
Area (Apool/AbkT) Range: 1.3-17 Range: 13-17 Range: Range: Range:
30. Pool to Pool Spacing (p-pl ft Mean: 4731 Mean: 473 Mean: * Mean: . Mean: *
Ronge: 3i37-7495 | -Range: 3137-7495 | Range: Range: Range:
31. Ratio of Pool—to—FPool Spacing 1o Mean: 13J Mean: 134 Mean: * Mean: * Mean: *
Bankf ull Width (p—p/Wbkf) Raonge:  87-207 Range:  87-207 Range: Range: Range:
32. Pool Length (Lp) ft Mean: 2937 Mean: 2937 Mean: = Mean: * Mean: *
Range: [1079-5054 | Range: 107.9-5054 | Range: Range: Range:
33, Ratlo of Pool Length fo Bankfull Mean: 8J Mean: 81 Mean: * Mean: * Mean: .
widih (Lp/Wbkr) Range: 30-140 Range: 30-140 Range: Range: Range:
34, Riffle Silope (Sriff)ft / ft Mean: 00126 Mean: 00126 Mean: B Mean: * Mean: =
Range: 00028-00254 | Range: 00028-00254 | Range: Range: Range:
35. Ratio of Riffle Slope o Average Mean; b2 Mean: 52 Mean: x Mean: * Mean: =
Slope (Sriff /Sbkf) Range: 12-106 Range: 12-106 Range: Range: Range:
36. Maximum Riffle Depth (driff} Tt Mean: 40 Mean: 40 Mean: * Mean: * Meanr: *
Range: 39-44 Range: 3.9-4) Range: Range: Range:
37. Ratio of Riffle Depth o Bankfull | Mean: 15 Mean: 15 Mean: * Mean: . Mean: e
Mean Depth (driff /dbkf) Range: 1516 Range: 15~16 Range: Range: Range:
38. Run Siope (Srun) ft /7 Tt Mean: 00032 Mean: 00032 Mean: * Mean: = Mean: ’
Range:  00-00090 Range:  00-00090 Range; Range: Range:
39, Ratfo of Run Slope 1o Average Mean: L3 Mean: 1.3 Mean: x Mean: x Mean: .
Stope (Srun/Sbkf) Range: 00-37 Range: 00-37 Range: Range: Range:
40. Maximum Run Depth {drun) f1 Mean: N/A Mean: N/A Mean: x Mean: * Mean: -
Range: N/A Range: N/A Range: Range: Range:
4], Ratto of Run Depth lo Bankfull Mean: N/A Mean: N/A Mean: * Mean: = Mean: *
Mean Depth (drun/dbkf) Range: N/A Range: N/A Range; Range: Range:
42, Slope of Glide (Sglift /7 Tt Mean: 00039 Mean: 00039 Mean: x Mean: = Mean: x
Range:  00-00i07 Range:  00-00i07 Range: Range: Range:
43, Ratlo of Glide Slope to Average Mean: [73 Mean: 73 Mean: * Mean: * Meon: =
Waler Surface Slope {Sgl/Sws) Range:  00-4.5 Range:  00-45 Range: Range: Range:
44, Maximum Glide Depth (dgl) 't Mean: N/A Mean: N/A Mearn: 4 Mean: « Mean: *
Range: N/A Range: N/A Range: Range: Range:
45. Roflo of Gllde Depth to Bankfull Mean: N/A Mean: N/A Mean: * Mean: x Mean: .
Mean Depth (dgl/dbkf) Range: N/A Range: N/A Range: Range: Range:
46, Step Slope (Sst) Mean: N/A Mean: N/A Meon; = Mean: B Mean: .
Range: N/A Range: N/A Range: Range: Range:
47. Ratio of Step Slope fo Average Meoan: N/7A Meon: N/A Mean: = Mean: * Mean: *
Water Surface Slope (5st/5avg) Range: N/7A Range: N/A Range: Range: Range:
48, Maximum Step Deprh (dst) Meon: N/7A Mean: N/7A Mean: = Mean: * Mean: *
Range: N/A Range: N/A Range: Range: Range:
49, Ratlo of Step Depth to Bankfull Mean: N/7A Mean: N/7A Mean: = Mean: = Mean: *
Mean Depth (dst/dbkf) Range: N/A Range: N/A Range: Range: Range:

Fllenama: g:\tra\60T003_burlingtons treams\lit tieglamance\ustatfoniLit tie_Alamance _Morph_Tables.dgn

= Geomorphic data nof collected due
o existing design constraints. The
majorlly of the work on site will
conslst of Enhancement I, Ranges

for restoration areas were developed
around the existing site constraints.
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MORPHOLOGICAL CHARACTERISTICS OF THE EXISTING AND

PROPOSED CHANNEL WITH REFERENCE REACH DATA

UNNAMED TRIBUTARY TO LITTLE ALAMANCE CREEK

Flliename: g:\ tra\607003.burlingtonstreams\iit tiealomancesustotion\L1tta_Alomonce _Morph. Tablas.dgn

Datest/25/2008

Variables E xlsting Channel Proposed Reach Reference Reach Reference Reach Reference Reach
L. Stream Type E4/1 C 4/1 4 E4 C/E4
2. Dralnage Area (sq.mi) 0J2 02 o7 02 077
3. Bankfull Width (Wbkf) Ft Mean: 120 Mean: 120 Mean: 209 Mean: 95 Mean: 5
Range:  109-130 Range: 109130 Range: Range: Range:

4. Bankfuil Mean Dapth (dbkfi i Mean: L3 Mean: 1.3 Mean: 17 Meon: 4 Mean: 16
Range: 1i-15 Range: =15 Range: Range: Range:

5. Widih/Depth Ratlo (Wbkf /dbkf) Mean: 9.3 Mean: 9.3 Mean: 124 Mean: 69 Mean: 9.3
Range: fJ-iL5 Range: 7J-11.5 Range: Range: Range:

6. Bankfull Cross—Sectional Area Mean: 58 Mean: 58 Mean: 35.3 Mean: 130 Mean: 243
{Abkf) sq fi Ronge:  148-167 Range:  148-167 Range: Range: Range:

7. Bankfull Mean Velocily (Vbkf) fps Mean: 44 Mean: 44 Mean: * Mean; * Mean: .
Range: Rarnge: Range: Range: Range:
8. Bankfull Discharge.cfs (Qbkf) Mean: 687 Mean; 687 Mean: = Mean: x Mean: =
Range: Range: Range: Range: Range:
9. Maximum Bankfull Depth (dmax) Ff Mean: 20 Mean: 20 Mean: 3 Mean: 20 Mean: 26
Range: 20-2J Range: 20-21 Range: Range: Range:
0. Ratio of Low Bank Height to Max, | Mean: 12 Mean: [74] Mean: 1o Mean: 14 Mean: 1o
Bankfulf Depth (Bhiow/dmax) Range: 10-1.3 Range: Range: Range: Range:
H. Width of Flood Prone Area (Wfpal f1| Mean: 335 Megn: 335 Mean: 400 Mean: 300 Mean: 300
Range:  270-400 Ronge:  270-400 Range: Range: Range:

12. Entrenchment Ratlo (Wfpa/Wbkf) Mean: 29 Mean: 29 Mean: 19 Mean; 32 Mean; 20
Range: 21-37 Range: 21-37 Range: Range: Range:

13. Meander Length (Lm) f1 Mean: 839 Mean: 839 Mean: * Mean: * Mean: "
Range:  558-1ii9 Range:  558-119 Range: Range: Range:

14, Ratio of Meander Lenglh to Mean: 70 Mean; 70 Mean: 2 Mean: * Mean: *
Bankfull Width (Em/WbkF) Range: 47-93 Range: 47-9.3 Range: Range: Range:

15, Raduis of Curvagture (Rc) ft Mean: 290 Mean: 290 Mean: . Mean: * Mean: *

Range:  150-55.0 Range:  150-550 Range: Range: Range:

16. Ratlo of Radius of Curvature fo Mean; 24 Mean: 24 Mean: « Mean: * Mean: .
Bankfull Width (Rc/Whkf) Range: 12-45 Range: 12-46 Range: Range: Range:

7. Belt Width (Wl Ft Mean: 246 Mean: 246 Mean: * Mean: E Mean: *

Ronge:  135-337 Range:  135-337 Range: Range: Range:
18, Meander Width Ratlo (Wbit/Wbkf) Mean: 20 Mean: 20 Mean: = Mean: B Mean: .
Range: =28 Range: 1-28 Range: Range: Range:

19. Sinuosily (Sfream length/valley Mean: H Mean: i Mean: - Mean: - Mean: .
distancel) (k) Range: N/A Ronge: N/A Range: Range: Range:

20. Valley Slope (f1/f1) Mean: 00106 Mean: 0.0106 Mean: . Mean: * Mean: *

Range: N/A Range: N/A Range: Range: Range:

2l. Average Water Surface Slope or Mean: 0.0095 Mean: 0.0095 Mean: g Mean: = Mean: x
Bankful Siope for Reoch (Sbkf or Range: N/A Range: N/A Range: Range: Range:
Savq)={Svalley/k) ft / fi

22. Pool Slope (Spool) it /7 [t Mean; 00077 Mean: 00077 Mean: = Mean: = Mean: x

Range:  00-00/74 Range:  00-00i74 Range: Range: Rarnge:

23. Ratlo of Pool Slope lo Average Meon: 08 Mean: 08 Mean: = Mean: = Mean: =
Slope (Spool/ Sbkf) Range: 00-18 Range: 00-18 Rarge: Range: Range:

24, Maximum FPool Depth (dpool) Ff Mean: 24 Mean: 24 Mean: = Meon: = Mean: =

Range: Range: Range: Range: Range:

25. Ratlo of Maximum Pool Depth fo Mean: 18 Mean: 18 Mean: * Mean; * Mean: =
Bankfull Mean Depth (dpool/dbkf) Range: Range: Range: Range: Range:

26. Pool Width (Wpool) ft Mean: (] Mean: 64 Mean; * Mean: * Mean: *

Range: Range: Range: Range: Range:
* Geomorphlc data not collected due NORTH CAROLINA DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
fo exlsting design constraints. The AR‘ ADI S PREL|M|N£ RY !D LTAI NS ECOSYSTEM ENHANCEMENT PROGRAM
ma forlty of the work on slte will DO NOT USE FOR CONSTRUCTION
conslst of Enhancement 1. Ranges G & M of North Caroling, Inc. 5
for restoration areas were developed WWW.ARCADIS-US.COM . LITTLE ALAMANCE CREEK
around the existing site constralnts. 80 Corporaie Center Drive, Sufte 300 s 1 o | vzros | RESTORATION PLAN ALAMANCE COUNTY, NORTH CAROLINA
Raleigh, NC 27607-5073 T REB 10/24/07 | DRAFT RESTORATION PLAN
Tel: 313/854-1282 Fax: 919/854-5448 DESIGN_ENGIEER BY DATE DESCRPTION OF REVISION MORPHOLOGICAL TABLE -PROUT- SHEET NO. 3B




Bate:/25/2008

Varfables E xisting Channel Proposed Reach Reference Reach Reference Reach Reference Reach
27. Ratio of Fool Width to Bankfull Mean: 05 Mean: 05 Mean: * Mean: * Mean: -
Width (Wpool /Wbkf) Range: Range: Range; Range: Range:
28. Bankfull Cross—sectional Area af Mean: 95 Mean: 95 Mean: * Mean: * Mean: *
FPool (Apool) sq Tt Range: Range: Range: Range: ‘| Range:
29, Ratlo of Pool Area fo Bankfull Mean: 056 Mean: 05 Mean: = Mean: * Mear: =
Area (Apool/Abkf) Range: Range: Range: Range: Range:
30. Pool to Pool Spacing (p—p) Tt Mean: 34/ Mean: 344 Mean: * Mean: * Mean: -
Raonge:  234-548 Range: 234-548 Range: Range: Range:
31, Ratlo of Pool—to-FPool Spacing fo Mean; 28 Mean: 28 Mean:; * Mean: . Mean; .
Bankfull Width (p—p/Wbkf) Range: 20-454 Range: 20-46 Range: Range: Range:
32, Pool Length (Lp} T Mean; 182 Mean: 8.2 Megn: * Mean: * Mean: -
Ronge:  40-1630 Range:  40-1630 Range: Range: Range:
33. Rafio of Pool Length fo Bankf ull Mean: 15 Mean: 15 Mean: * Mean:; . Mean: =
Width (Lp/Wbkr) Range: 0.3-136 Range: 0.3-136 Range: Range: Range:
34, Riffle Slope (Sriff)ft / ft Mean: 00252 Mean: 00252 Mean: * Mean: * Mean: -
Range: 00145-00498 | Range: 00i45-00498 | Range: Range: Range:
35. Ratio of Riffle Slope to Average Mean: 26 Mean: 26 Mean: * Mean: . Mean: *
Slope (Sriff/Sbkf) Range: 15-52 Range: 15-52 Range: Range: Range:
36. Maoximum RIffle Depth (driff}ft Mear: 20 Mean: 20 Mean: * Mean: = Mean: *
Ronge: 20-21 Range: 20-21 Range: Range: Range:
37. Ratlo of RIffle Deplh to Bankfull | Meom: 16 Mean: 16 Mean; * Mean: x Mean: "
Mean Depth (driff /dbkf) Range: 1.5-16 Range: 1.5-16 Range: Range: Range:
38. Run Slope (Srunt f1 / ft Meary N/A Mean: N/A Meon: = Mean: x Mean: *
Range: N/A Range: N/A Range: Range: Range:
39. Ratio of Run Slope to Average Mean: N/A Mean: N/A Mean: x Mean: - Mean: *
Slope (Srun/Sbkf) Range: N/A Range: N/A Range: Range: Range:
40. Maximum Run Depth (druni ft Mean; N/A Mean: N/A Mean: x Mean: e Mean: =
Range: N/A Range: N/A Range: Range: Range:
41. Ratio of Run Depth fo Bankfull Mean: N/A Mean: N/A Mean: * Mean: * Mean: *
Mean Depth (drun/dbkrf) Range: N/A Range: N/A Range: Range: Range:
42, Slope of Glide (Sgi)ft / ft Mean; N/A Mean: N/A Mear: * Mean; . Mean: ”
Range: N/A Range: N/A Range: Range: Range:
43. Ratlo of Glide Slope to Average Mearn: N/A Mean: N/7A Mean: * Mean: e Mean: s
Waler Surface Slope (Sgl/Sws) Range: N/A Range: N/A Range: Range: Range:
44, Maximum Glide Depth (dgt) 1 Mean: N/A Meam N/7A Meon: * Mean: - Mean: =
Range: N/A Range: N/A Range: Range: Range:
45. Ratfo of Glide Depth to Bankfull Mean: N/A Mean; N/A Mear: * Mean: = Mean: =
Mean Depth (dagl/dbkf)} Range: N/A Range: N/7A Range: Range: Range:
46. Step Slope (Sst) Mean: N/A Mean: N/A Mean: * Mean: . Mean: *
Range: N/A Range: N/A Range: Range: Range:
47, Ratio of Step Slope fo Average Mean: N/7A Mean: N/A Mean: * Mean: . Mean: =
Woter Surface Slope (Sst/Savg) Range: N/A Range: N/A Range: Range: Range:
48. Maximum Step Depth (dst) Mean: N/7A Mean: N/A Mean: * Mean; . Means; "
Range: N/A Range: N/A Range: Range: Range:
49, Ratfo of Step Depth to Bonkfuil Mean: N/7A Mean: N/A Mean: * Mean; = Mear: =
Mean Depth (dst/dbkf) Range: N/A Range: N/A Range: Range: Range:

Filename: 9:\ tr o\607003_burllingtonstreams\ittleclomance\ustaotion\LIt tie__Alamance_Morph.Tobles.dgn

= Geomorphic dafa not collected due
fo existing deslgn constralnts. The
majorily of the work on site will
consist of Enhancement I. Ranges

for restoration areas were developed
around the existing sife constraints,
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48" RCP
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Piedmont AlluvialForest

Herbaceous (seed)
Solldogo coesla
Impatiens capensis
Lobella cardinalls
Ascleplas Incarnala
Asclepias luberosa

Crass (seed)
Chasmanihiym Iatif olfum
Panicum virgatum
sirix potulo
lcum clandestinum

Shrub
Lindera benzoin
Evonymus americana
Leucothoe recurva

Alnys serrulala
Aesculus sylvatica

Trees
Canopy

lgra

Plalanus occidentalls
Cellis loevigata
Juglans nigra
Conpo coroitora

cordiformis
Carya ovala
Quer

cus pagoda
Ouvercus michouxil

Understory
Asimina Irliobo
j/

llex opaca
Carpinus carollniana
Cornus florida

2one |- Bonkfullto End of Buffer

oldenrod

ewelweed
cordinal flower
swamp milkkweed
butterfly weed

river oats
switchgrass
bottiebrush grass
deer tounge

spicebush
straowberry bush 5.
fetter-bush
beaked hazel-nut
silky dogwood

) 1
\\\‘\\ ?‘(N

NNENR)
s

N\ :“
LN
S

AR RN
RO \dﬁ
:\\\\ \&/’/\

\Y, 2
GO, g e
NS

\H/

elderberry
taQ older
buckeye
Zone 2 - Edge of Low Flow Woter
Sur face to Bankfull

river birch Pledmont AlluvialForest
RacKberr Same composition as Zone |
hackberry
black Hdrhuf with the addition ofs
reen as!
glf'l'ernuf I';Ickory Live stokes
shagbark hickory Sallx 0 block willow
Svomp 2nes gt Cm#o% button bush
swamp chestnut ook e

Corrus omomum  Silky dogwoogQ
paQw paw
Americaon holly
ironwood

flowering dogwood

Flienome: g:\ 1ro\607003.burlingtonstreams\il+tleclomance\ustation\Llt tie.

LEGEND
PIEDMONT ALLUVIAL
g FOREST (ZONE D
by 40° PIEDMONT ALLUVIAL
% FOREST (ZONE 2)
£ SCALE
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G & M of North Caroling, Inc.
WWW.ARCADIS-US.COM
80l Corporate Center Drive, Suite 300
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(@ ARCADIS

PRELIMINARY PLANS

DO NOT USE FOR CONSTRUCTION

NORTH CAROLINA DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
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S

RESTORATION PLAN
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ALAMANCE COUNTY, NORTH CAROLINA
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Details - LITTLE ALAMANCE CREEK[—

BANKFULL BENCH ST

EROSION CONTROL
NATT.

ROOTWADS SHALL BE ORIENTED 20°-40°
TN THE PROPOBED CHARNEL TO REBUCE TYPICAL RIFFLE
IMPACTS TO NATIVE VEGETATION AND AGTUAL NUMBER AND PLAGEMENT OF ———————————
BANK STABILITY. ROOTWADS AT EACH LOCATION TO BE
gE;EH"INED BY THE DESIGNER ON

PROPOSED
STREAM CHANNEL

EXISTING GROUND—

BANKFULL BENGH
EXCAVATE TRENCH AT LEAST 1' FOOT BELOW THE ELEVATION
OF THE OLD STREAM BED FOR ROOTWADS. BACKFILL OVER,
AROUND, AND BELOW ROOT WAD LOGS, AND ANGHOR LOGS.

EROSION CONTROL
PACK BOULDERS AND LOGS IN BETWEEN ALL WADS TO FIRMLY MATTING
SECURE ALL CONMEGTIONS AND GAPS. ROOTWADS SHOULD

OVERLAP. PLACE NATIVE BOULDERS BETWEEN ROOTWADS. TYPICAL POOL

NOTES:

1. EROSION CONTROL MATTING TO BE PLAGED ON CONSTRUGTED BANKFULL
BENCHES AND SLOPES.

2. MATTING TO BE PROPERLY INSTALLED, KEYED IN, AND SECURED PER
MANUFACTURERS RECOMMENDATIONS.

3. TEMPORARY AND PERMANENT SEED MIXTURES, LIME, AND FERTILIZER TQ
BE SPREAD PER THE PROJECT SPECIFICA'I'IMS ON’ CONSTRUCTED BANKFUL|
BENCHES AND smPEs IMMEDIATELY PRIOR TO THE PLACEMENT OF EROSIO

EXCAVATE STREAM BANK AT 2:1 SLOPE CONTROL MATTIN

AS SPECIFIED ON THE PLANS ABOVE BM”ULL

ELEVATION. SEED AND INSTALL HATTING AS

ANGHOR BOULDER
(NATIVE BOULDER)

CUT-OFF L0GS
(12" DIA. MINIMUM)

ROOTWAD LOGS SPECIFIED IMMEDIATELY AFTER GRADING TYPICAL EROSION CONTROL MATTING PLAGEMENT
(12" DIA. MINIMUM) Egﬂﬂ&_ — T
MATTING

EROSION w

GONTROL
CUT-OFF LOG—\
BANKFULL ELEVATION 7

MATTING

ANGHOH BOULDERS TO REST ON
TOP OF ROOTWAD AND BEHIND
AND ON TOP OF CUT-OFF LOG

FOOTER LOG AND BOULDER
25" MININUM

QULY SLERN, SEOTIENT TREE SECTION A-A THAT LOuER - PoRTion"
CONSTRUCTION E{EERDSQBELW INVERT
NTS BLAN VIEW
2" 10 3"
ADJOINING WASHED STONE
ROADWAY-
7 _
5 3 6" MINIMUM

10' MAX. SPACING

STEEL OR
WooD POST
GEOTEXTILE FABRI

EROFILE VIEW

NOTES:

1. PUT SILT FENCE _OR TREE PROTECTION FENCE UP TO DIVERT J
ALL EGUIPMENT TRAFFIC IN ORDER TO ENSURE CONSTRUCTIO
ENTRANCE IS USED

2. TURNING m:us SUFFIGIENT TO ACCOMODATE LARGE TRUCKS

EXISTING GROUND IS TO BE P

3. ENTRANCE(S nom. BE LOCATED TO PROVIDE FOR MAXIMUM

NUFACTURED B UTILI ZAT{ 21 BY ALL CONSTRUCTION VEHICLES.

BPROVED. EGUTVALENT 4. ENTRANCE(S) MUST BE MAINTAINED IN A CONDITION WHICH

WILL PREVENT TRACKING OR DIRECT FLOW OF MUD ONTO

ADJOINING ROADWAY. PERIODIC TOP DRESSING WITH STONE

WILL BE NECESSARY. ANY MATERIAL WHICH STILL MAKES LT

NOTE: ONTO THE ROADWAY MUST BE. GLEANED UP IMMEDIATELY. LF

INSTALL FENCING AS SHOWN ON PLAN MUD CONTINUES TO BE TRACKED ONTO THE ADJOINING

AND MAINTAIN UNTIL COMPLETION OF ROADWAY, THE GOVERNING AUTHORLTY WILL CLEAN THE

CONSTRUCTION OR AS DIRECTED BY AREA AND INVOICE THE FINANCIALLY RESPONSIBLE PERSON

DESIGNER AS INDICATED ON THE FINANCIAL RESPONSIBILITY

5. PLACE CONSTRUCTION ENTHANCE AT ALL POINTS OF INGRESS
AND EGRESS UNTIL THE SITE IS STABILIZED. FREQUENT
g:gngOF THE DEVICE AND TIMELY MAINTENANGE MUST BE

GBAVEL CONSTRUCTION ENTRANCE

NTS

MIDDLE AND VERTICAL \

F,
STRANDS 12* GAUGE MIN. TENEX, OR

&
3k

NTS

(@ ARCADIS PRELIMINARY PLANS [ e et ™ =

Flienome: G:\ TRA\607003.BurlingtonStreams\LIt tieAlomance\Us tatlon\L!ttle.Alomonce .Detolls.dgn

g G & M of North Caroling, inc, L]
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3 Raleigh, NC 27607-5073 1 RES 10/24707 | ORAFT_RESTORATION PLAN
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Details - LITTLE ALAMANCE CREEK

LENGTH OF
LEVEL SPREADER

NATURAL GROUND

DITCH
OUTLET
ANGLE 30

FOREBAY

SECTION-AA
NATURAL GROUND

TOB——

| :
: /
(]
N
3
A 14
] G
ﬁ (2]
£ 2
2 1
50" )
WALL LEVEL SPREADER

I-— 4.5 min.

LEVEL SPREADER DETAIL

NTS

mm <— 6" Gonc.Footing
1.5'—’]

Permenant Soll
Relnforcement Mat
(PSRM)

6" Relnf. Conc.Wal
(Or 8" Block Wall)

FROM STA.TO STA.

EXISTING
; GROUND

w1
by oy TR
0w d
x (RN — A
wz
LOCATION AMAEE A
STATION 32+00 RT[14'| 2' [1.5] 5* | 0.04
STATION 40+00 RT| 7' | 2’ |1.5] 4 | 0.04

*GECOND SIDE SLOPE SHOULD MATCH DOWNHILL,
NATURAL (FLATTER) SLOPE.

TRAPEZOIDAL SWALE

NTS

Nl

w1
by o TR
d
LOCATION W,| d |SLOPE FT/FT
STATION 17+25 RT| 2' | 2' 0.035
STATION 18+75 RT| 3' | 2' 0.025
STATION 25+00 RT| 3' | 2' 0.035

PARABOLIC SWALE

NTS

PUMP INTAKE IMMEDIATELY-
UPSTREAM OF DIKE

HINIHUM 8” THICK 2" TO 3*
D STONE OVER IMPERVIOUS
SHEETING AND CL. B RIP RAP

2' MIN.

NOTES:

1. DIKE 1S NOT DESIGNED TO HOLD
STORM FLOW. MAY REQUIRE SOME

MAINTENANCE FOLLWING ANY

A SIGNIFIGAN TORM EVENT.

2. BASE FLOW 'I'O BE PUMPED EACH
DAY FROM UPSTREAM SIDE OF DIKE
AND DISCHARGED DOWNSTREAM OF
WORK AREA FOR THAT DAY.

3. IF WORK AREA DOWNSTREAM OF
DIKE CANNOT BE ADEQUATELY
DEWATERED THROUGH THE USE OF
A SINGLE PUMP, ADDITIONAL
PUMPING WITHIN THE WORK AREA
MAY BE REQUIRED. ALL FLOW
PUMPED FROM WITHIN THE WORK
AREA TO BE DISCHARGED INTO A
DEWATERING BAG OR DEWATERING

TOP OF BANK

UPSTREAN OF DIKI

BASE Fuop

EXISTING

PUNP INTAKE IMMEDIATELY

STREAMBED CL. B RIP RAP

\—EXISTING GROUND

GEOTEXTILE FAnnm—/

IMPERVIOQUS DIKE FOR STREAM FUNPING

BASIN PRIOR TO BEING DISCHARGED
INTO THE STREAM DOWNSTREAM OF

4. MAXIMUN HEIGHT OF DIKE_ABOVE
BASE FLOW TO BE MINIMIZED. DIKE
A HEIGHT TO BE ONL REQUT
70 PROVIDE ENOUGH BACKWAT
FOR ADEQUATE SUCTION AT HrN

NTAKE .
5. PROVIDE A MINIMUM OF 1200 FT.
ISCHARGE PIPE OR HOSE

MIN. HEIGHT REOUIRED
ABOVE BASE FLOW

SEE NOTE 4 IMPERVIOUS RUBBERIZED

OR PLASTIC SHEETING

MINIMUM 8” THICK 2” TO 3"
WASHED STONE

2' MIN.

GEQTEXTILE FABRI KEY SHEETING INTO

STREAMEED AND BACKFILL

SECTION A-A

IHSTALL OVERFLOW WEIR TO
VENT BANK EROSION AND

T0 ENGOURAGE OVERFLOW TO

REMAIN IN MIDDLE OF STREAM

MIN. HEIGHT REQUIRED
%OVE BASE FLOW-SEE

SECTION B-B

NTS

Flienome: G:\ TRA\607003.BurlingtonStreams\LIt tieAlomance\Us tatlon\L!ttle.Alomonce .Detolls.dgn
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Raleigh, NC 27607-5073

Tel: 919/854-1282 Fax: 919/854-5448

ARCADIS

G & M of North Caroling, Inc.
WWW.ARCADIS-US.COM
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PRELIMINARY PLANS

DO NOT USE FOR CONSTRUCTION

NORTH CAROLINA DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES
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LITTLE ALAMANCE CREEK

¥25/08 | RESTORATION PLAN

2|2|2
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Details — LITTLE ALAMANCE CREEK

BOULDERS Ig‘THE ilelI!N SHOULD
BE GAPPED T0 WIDTH OF
NEXT BOULDER

~—BOULDERS IN THE VANE
‘ SHOULD NOT BE GAPPED OR
HAVE SPACES._TIE INTO
BANKFULL STAGE

FOOTER BOULDERS

WHEN PLACING J-HOOK VANES

THE TOP OF THE NEXT VANE BOULDERS IN THE VANE EXISTING GROUND:

~~—SHOULD BE PLACED 100°OFF THE VANE_LENGTH SHOULD NOT BE GAPPED
BASE OF THE ABOVE STRUCTURE WHERE THE FIIIST VELOGII’Y OR _HAVE SPACES.TIE K'EY VANE INTO BANK'
VANE SPACING APPROXIMATELY VEGTORE HIT THE BANK INTO BANKFULL STAGE. 5" MININUM ?
3 x VANE LENGTH 7&,— FOOTER BOULDERS

BOULDERS IN THE VANE ARM

SHOULD NOT BE GAFPED OR

HAVE SPACES.TIE INTO BANKFULL

\—— FOOTER BOULDERS

VANE SPACING APPROXIMATELY
NGTH

——BACKFILL WITH EXISTING
CHANNEL MATERIAL OR WITH
STONE MATERIAL AS DIRECTED
BY DESIGNER ON SITE

~—— GEOTEXTILE
FABRIC

FOOTER BOULDERS
ED IN EXCAVATED

BACKFILL WITH PLAG
GEOTEXTILE  TRENCH

THE TOP OF THE NEXT ol-HOOK EXISTING GHANNEL
KEY VANE INTO BANK WITH BOULDER BACKRILL WITH EXISTING
, CUTOFF SILL . & NIN. IF VANE I8 gfgngFBEHE%EQE‘g#Ug;ﬁnE“E CHANNEL MATERTAL OR VANE SPACING APPROXTMATELY ~ NATERIAL OR WiTH \———FABRIC
ANKE KEYED IN TO GONSTRUCTED BANFULL VT SrONE MATERIAL AS 3 x VANE LENGTH STONE MATERTAL
BENCH, TREYOVANE. TN AEROSS ENTTRE - GEOTEXTILE FABRIC DIRECTED BY DESIGNER ON DESIGNER ON SITE SECTION A-A
WIDTH OF THE BANKFULL BENCH. *IAGKFILL WITH EXISTING 81Tl THE TOP OF THE NEXT VANE SIGNER ON 5.
PLAN VIEW L MATERIAL OR WITH SHOULD BE PLAGED 100° OFF THE VANE BOULDER
PLAN VIEW STONE_ WATERTAL AS_ BIREGTED BASE OF THE ABOVE STRUCTURE AT _PROPOSED
BY DEBIGNER ON SITE - KEY VANE INTO BANK WITH BOULDER STREAMBED ELEVATION

CUTOFF SILL - B MIN. IF VANE I

KEYED IN TO CONSTRUCTED BANFULL
BENCH, KEY VANE IN ACROSS ENTIRE
WIDTH OF THE BANKFULL BENCH

EXISTING GROUND:

KEY VANE INTQ BANK:
WITH BOULDER CUTOFF|
SILL 5" MINIMUM

KEY VANE INTO BANK WITH BOULDER
» CUTOFF SILL - 3’ MIN. IF VAII! IS
D IN TO CONSTRUCTEI
BENCH, KEY VANE IN Annnss EHTII!E
WIDTH'OF THE BANKFULL BENCH.

BACKFILL WITH:

1/3 BANKFULL WIDTH [T " :“H:f 8!‘5‘:‘:‘5.‘.
GROTEXTIL \ 1/3 BANKFULL WIDTH STONE_MATE DEEPEST PART OF SGOUR_POOL
PLAN VIEW FABRIC DEEPEST PART OF SCOUR POOL AS n:n!c'r!n v To BE IN LINE WITH WHERE
e — I-‘O!EFH“'—I TO BE IN LINE WITH WHERE VANE DESIGNER ON SITE TIE _INTO BANKFULL.
EXISTING GROUND ARMS TIE INTO BANKFULL. DO NOT 0 ROT EXCAVATE SCOUR ROUL
EXCAVATE SGOUR_POOL TOO QEOTEXTILE BOVIDERS 100" CLoBE r Fo0Ten BOULOERS.

GLOSE TO FOOTER BOULDERS

FOOTER BOULDERS PLACED
IN EXCAVATED TRENCH

SECTION A-A

/- STREAMBED

KEY VANE INTO BANK
5’ MINIMUM Z

[T —

VANE BOULDER
AT PROPOSED
STREAMBED ELEVATION

FOOTER BOULDERS PLAGED

IN EXCAVATED TRENCH
EXISTING

DEEPEST PART OF SCOUR POOL SECTION A-A
FOOTER BOULDERS T0 BE IN LINE WITH WHERE
a5 L8 B
E)

T00 GLOSE TO FOOTER BOULDERS. FLou——  /~ STREANBED %\ rooren

CROSS VANES 10 BE PLACED UPSTREAM OF CROSSOVER POINT BOULDER
VANE BOULDER BETWEEN GLIDE AND RIFFLE SUGH THAT T EAMBED

GLIDES OUT: OF THE SGOUR POOL GREATED B THE. CROSS 30-20% OF BANKFULL

AT PROPOSED
VANE SUCH THAT IT WILL TIE IN CORRECTLY WITH THE HEAD
STREAMBED ELEVATION OF RIFFLE AT THE GROSSOVER POINT. DEPTH BELOW STREAMBED

N DEEPEST PART OF SCOUR_POOL
FOOTER BOULDERS—" 7o B Tn LINE WITH WienE IYPICAL CROSS VANE LOCATION:PLAN VIEW CROSS SECTION VIEW
B0 NoT EXCAVATE Se00R FOOL-"
EXISTING T0O CLOSE TO FOOTER BOULDERS.
GROUND N
'4,‘
VANE ARM ON INSIDE O %
of NOTE: ALL BOULDERS TO BE MINIWUM VOLUNE OF
FOOTER BEND 13 SHORTER AN ‘STeEPEn 1 _CUBIC YARD OR AS DIRECTED IN THE PROJECT
BOULDER SPECIFICATIONS AND SHALL BE ANGULAR, PLAT
Yo HeQysT nou:ué‘""ioﬁfnéﬁ"guﬁfﬂﬂﬁ i
30-40% OF BANKFULL -
DEPTH BELOW STREAMBED Eﬁ%ﬁﬁ.‘:"“ AND FREE OF SEDIMENT
NOTE: ALL BOULDERS T0 BE NINIWUM VOLUNE OF
1 _CUBIC YARD OR AS DIREGTED IN THE PROJECT 00TER
BE ANu BouLoER CROSS VANE CONSTRUCTION JIN MEANDER-

SPECIFLCATIONS AND SHALL LAR, FLAT

WITH ONE _AXIS 3 TIMES AS LONG AS THE OTHERS w
TO RESIST ROLLING. BOULDER SHALL BE CLEAN 30-40% OF BANKFULL

AND FREE OF SEDINMENT DEPTH BELOW STREAMBED

EQULDER VANE WITH GEOTEXTILE FABRIC NOTE: ALL BOULDERS TO BE MININU VOLUME OF WS
NT. CUBIC YARD OR AS DIRECTED IN THE PROJECT

sPEc:F:cA'r:ons AND SHALL BE ANGULAR, FLAT

WITH ONE AXIS 3 TIMES AS LONG AS THE OTHERS
TO RESIST ROLLING. BOULDER SHALL BE CLEAN
AND FREE OF SEDIMENT

BOULDER J-HOOK VANE
WITH GEOTEXTILE FABRIC
s

(@ ARCADIS PRELIMINARY PLANS [ e et ™ =
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Details — LITTLE ALAMANCE CREEK

8' MAX.
MAX.

SPACING WITH WIRE
SPACING WITHOUT WI

Al

N’

TES:
1. WIRE SHALL BE MINIMUM

OF 32" WIDE AND SHALL
HAVE A MINIMUM OF 6
STRANDS WITH 12" STAY
SPACING.

. GEOTEXTILE FABRIG SHALL

BE MINIMUM OF 36" WIDE
AND SHALL BE FASTENED

ADEQUATELY TO THE WIRE
AS DIRECTED BY DESIGNER

. STEEL POSTS SHALL BE 5’

HIGH AND BE
FASTENER ANGLE STEEL
TYPE

. WOOD POSTS SHALL BE 6

HIGH AND 3” IN DIAMETER

OF THE SELF

TEMPORARY SILT FENCE

NTS

173 1/3 143
l BOTTOM  BOTTOM  BOTTOM
WIDTH OF | WIDTH OF | WIDTH OF
MIDDLE AND VERTICAL GEOTEXTILE CHANNEL | CHANNEL | CHANNEL
STRANDE 12* GAUGE MIN. FABRIC
POST SPACING ' '
HEADER ROCK
GEOTEXTIL FILL WITH
FABRIG o ALLUVIUM AND
TANPED BACKFILL: COARSE MATERIAL
SLg EXISTING GROUND WATER FROM STREAM BED
| FLOW
8 i
on ) —_ = E—
_..| 4 \2'-0" DEEP-STEEL POST A g::
EXTENSION OF FABRIC AND 200 )\
)

I~ NO GAPS

NOTES:
1. BOULDERS MUST BE AT LEAST 4'X 3 X 2.

2. FOOTER ALL BOULDERS IF SUBSTRATE
IS SAND/GRAVEL MIXTURE.

12 BANKFULL—\

WATER
FLOW >

STREAM BED __"

ELEVATION

/— HEADER ROCK

0 4% SLOP| L

‘4~ ) ) IS BETWEEN
Q \ROCKS FOOTER ROCK
C_) k FIRST ROCK
- TIED INTO 't
gfgéTDgg ;ggLER STREAM BANK ARM ‘A’ PROFILE VIEW
W NOTE: NO SLOPE FORARMSB& C
DOUBLE WING DEFLECTOR

& 8" OF CRUSHER RUN/ABC

8

3

b EXISTING GEOTEXTILE FABRIC

g SROUND £ 12' TYPICAL (VARIES), SEE PLAN

3

Z CROSS-SECTION VIEW

H

) NOTE:

z 1. UNDERCUT AND REPAIR/COMPACT

ANY AREAS WHERE EXISTING GRADE
IS SOFT ENOUGH TO PUMP UNDER
§ EXPECTED DUMP TRUCK LOADING.
2. USE ONLY IN LOCATION AS

] DIRECTED BY ENGINEER.

5 CONSTRUCTION ACCESS ROAD

$

5 PRELIMINARY PLANS |worm carousa oepartuent oF enviRomuent an MaTuRAL RESOURCES

g DO NOT USE FOR CONSTRUCTION ECOSYSTEM ENHANCEMENT PROGRAM
§5 G & M of North Caroling, inc. 2
QE 201 ¢ re Cont gI.WWEA‘TRngODIS'US.COM ; LITTLE ALAMANCE CREEK
s orporate Lenter Urive, suite ; : ALAMANCE COUNTY, NORTH CAROLINA
% 5 Raleigh, NC 27607-5073 [ 5 0724707 :::?::::; o
58 Tel: 919/854-1282  Fax: 919/854-5448 OESON EnONEER B DaTe_ | oesceTon of Revisow | DETALS EET NO, 14

...\Little_Alamance_Details.dgn 2/19/2008 1:15:23 PM






