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EXECUTIVE SUMMARY

The North Carolina Department of Transportation is currently evaluating stream
restoration and wetland enhancement on an unnamed tributary (UT) to Dutch Buffalo
Creek in Rowan County, North Carolina. This detailed mitigation document will outline
plans to restore both stream and wetland functions associated with water quality.
This document details stream restoration, as well as wetland enhancement procedures
on the Helms and Pless properties located approximately 1.5 miles southwest of the
Town of Bostion Heights. An approximately 15-acre conservation easement, hereafter
referred to as the Site, has been proposed for mitigation activities. The Site
encompasses approximately 2322 linear feet of stream and 0.55 acre of jurisdictional
wetlands in the adjacent floodplain. The Site watershed, consisting of approximately
0.6 square mile, is comprised of mixed hardwood forest, agricultural land, and lowdensity residential development. Land use within the Site includes pasture and hay
production.
Under existing conditions, the UT to Dutch Buffalo Creek has been dredged and
straightened. Natural vegetation within the floodplain, including stream buffer zones, is
currently maintained through regular mowing and active grazing. A significant increase
in nutrient and sediment loads is expected as a result of current land use practices. In
response to these modifications, nutrient recycling associated with adjacent wetlands
and floodplains has been severely diminished or negated.
Restoration activities have been designed to restore historic stream and wetland
functions which existed on-site' prior to dredging and vegetation removal. Site
restoration includes floodplain grading and construction of approximately 2840 linear
feet of meandering E-type (highly sinuous) stream channel on new location. These
activities will reintroduce surface water flood hydrodynamics from the 0.6-mile
watershed along the restored length of stream and floodplain. Characteristic wetland
soil features, groundwater wetland hydrology, and hydrophytic vegetation communities
are expected to develop in areas adjacent to the constructed channel. The existing,
degraded channel will be abandoned and backfilled. Subsequently, Site reforestation of
streamside and bottomland hardwood forest communities have been included along the
entire on-site stream and floodplain to further protect water quality and enhance
opportunities for wildlife.
A Monitoring Plan has been prepared that entails a detailed analysis of stream
geomorphology, wetland hydrology, and Site vegetation. Success of the project will be
based on criteria set forth under each of the three monitored parameters.
After implementation, restoration activities are expected to result in 1) restoration of
approximately 2840 linear feet of stream through excavation of channel on new location,
2) enhancement of approximately 0.55 acre of wetlands, and 3) restoration of
approximately 15 acres of streamside buffer, floodplain, and adjacent upland slopes
throughout the Site within an approximately 15-acre conservation easement.
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UNNAMED TRIBUTARY TO DUTCH BUFFALO CREEK
DETAILED STREAM MITIGATION PLAN
1.0

INTRODUCTION

The North Carolina Department of Transportation (NCDOT) is currently evaluating
stream restoration and wetland enhancement on an unnamed tributary (UT) to Dutch
Buffalo Creek in Rowan County. The mitigation area is located south of the Town of
Bostian Heights between U.S. Interstate Route 85 (1-85) and N.C. State Route 152 (NC
152) (Figure 1). The property encompasses 2322 linear feet of an unnamed tributary to
Dutch Buffalo Creek and 0.55 acre of jurisdictional wetlands in the adjacent floodplain.
The mitigation area, hereafter referred to as the Site, encompasses approximately 15
acres of land (proposed easement area) which has been degraded by past land
management practices including land clearing, dredginglstraightening of the on-site
streams, and livestock production.
The purpose of this study is to establish a detailed Site mitigation plan for stream
restoration and wetland enhancement alternatives. The objectives of this study are as
follows:
Classify the on-site stream based on fluvial geomorphic principles.
Identify a suitable reference forest and stream to model Site mitigation attributes.
Develop a detailed plan of stream restoration and wetland enhancement activities
within the proposed 15 acre conservation easement boundary.
Establish success criteria and a method of monitoring the Site upon completion of
mitigation construction.
The goals of the restoration/enhancementefforts are as follows:
Restore approximately 2840 linear feet of stream through excavation of channel on
new location (Priority 1). Channel dimension, pattern, and profile will be modified
after natural reference conditions. Restoration of on-site streams will 1) reduce
sediment and nutrient loading, 2) increase the frequency of pools and associated
micro-habitat, 3) provide energy dissipation for peak flow events, and 4)
enhancehestore wetland function adjacent to the channel.
The flood-prone area and adjacent upland slopes will be reforested with native
species to 1) increase channel bank stability; 2) serve as a wildlife corridor by
providing connectivity to forested areas adjacent to the Site; 3) provide increased
habitat for aquatic and terrestrial wildlife; 4) increase organic matter, carbon export,
and woody debris in ,the stream corridor; 5) restore characteristic macroinvertebrate
species populations in the channel; and 6) restore shade.

UT to Dutch Buffalo Creek

Wetland enhancement will reestablish natural vegetative and hydrologic conditions
to the Site in order to 1) provide unique habitat for aquatic and terrestrial wildlife, 2)
increase biodiversity, 3) increase floodwater storage, 4) reduce downstream flood
peaks, 5) maintain seasonal high water table, and 6) serve as a retention area for
sediment and nutrients.
This document represents a detailed mitigation plan summarizing activities proposed
within the Site. The plan includes 1) descriptions of existing conditions, 2) reference
stream reach studies, 3) restoration plans, and 4) Site monitoring and success criteria.
Upon approval of this plan by regulatory agencies, engineering construction plans will
be prepared and activities implemented as outlined. Proposed mitigation activities may
be modified during the civil design stage due to constraints such as access issues,
sediment-erosion control measures, drainage needs (floodway constraints), or other
design considerations.

2.0

METHODS

Natural resource information was obtained from available sources. U.S. Geological
Survey (USGS) 7.5 minute topographic mapping (China Grove, NC, Southmont, NC,
and Harrisburg, NC), U.S. Fish and Wildlife Service (USFWS) National Wetlands
Inventory (NWI) mapping, Natural Resource Conservation Service (NRCS [formerly the
Soil Conservation Service]) soils mapping for Rowan County (NRCS 1995), historic and
recent aerial photography, and digital, 1-foot topographic mapping were utilized to
evaluate existing landscape, stream, and soil information prior to on-site inspection.
Reference stream geometry methods have been used to orient channel reconstruction
design. Reference stream and floodplain systems were identified and measured in the
field to quantify stream geometry, substrate, and hydrodynamics.
Stream
characteristics and detailed mitigation plans were developed according to constructs
outlined in Rosgen (1996), Dunne and Leopold (1978), Harrelson et al. (1994), Chang
(1988), and North Carolina Wildlife Resources Commission (NCWRC) (1996). Stream
pattern, dimension, and profile under stable environmental conditions were measured
along reference (relatively undisturbed) stream reaches and applied to the degraded
channel within the Site. Reconstructed stream channels and hydraulic geometry
relationships have been designed to mimic stable channels identified and evaluated in
the region.
North Carolina Natural Heritage Program (NHP) data bases were evaluated for the
location of designated natural areas which may serve as reference wetlands for
enhancement design. Characteristic and target natural community patterns were
classified according to Schafale and Weakley's Classification of the Natural
Communities of North Carolina (1990).
Detailed field investigations were performed in July, August, and September 2002,
consisting of Site channel cross-sections, profile, and plan-view; valley cross-sections;
soil survey; and mapping of on-site resources. Project scientists evaluated stream
parameters to determine the stability of the existing channel. Hydrology, vegetation,
and soil attributes were analyzed to determine the status of jurisdictional areas. Plant
communities were delineated and described by structure and composition.
NRCS soil mapping was modified to identify hydric soil boundaries and to predict
(target) biological diversity prior to human disturbances. NRCS soil map units were
ground truthed by a licensed soil scientist to verify existing soil mapping units and to
map inclusions.
Historical aerial photographs (1958, 1967, and 1979) were utilized to identify land use
patterns and floodplain dynamics at the Site and in the watershed (Figures 2, 3, and 4).
Disturbances to streams and wetlands during watershed development were tracked,
where feasible. However, none of these historical photographs exhibit riparian forest
structure or historic stream pattern prior to significant disturbance. Recent (1999) aerial
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photography was evaluated to determine primary hydrologic features and to map
relevant environmental features.
Stream flows were modeled by interpreting USGS stream gauge data in the region and
by the Hydrology Engineering Center's - River Analysis System (HEC-RAS) models,
which also determined stream geometry calculations and estimates of projected storm
water flows. The projected flows were used to assist in-field identification of bankfull
stage, dimensioning of the on-site tributary, and to assess potential for hydrologic
trespass onto adjacent properties or structures.
Information collected, reference ecosystem analyses, and drainage models 'were
compiled in a database and incorporated with field observations to evaluate the on-site
stream under existing conditions. Subsequently, 'this mitigation plan was developed to
facilitate restoration success and to provide stream and wetland mitigation for various
NCDOT projects in the region.

3.0

EXISTING CONDITIONS

Physiography, Topography, and Land Use
3.1
The Site is located in the southern portion of Rowan County, approximately 1.5 miles
southwest of the town of Bostian Heights (Figure 1). This portion of the state is
underlain by the metamorphic rocks of the Charlotte Belt geologic formation within the
Southern Outer Piedmont ecoregion of North Carolina (USGS Subbasin 03040105).
This hydrophysiographic region is characterized by broad, rolling, interstream divides
intermixed with steeper slopes along well-defined drainage ways (Figure 5). This region
is characterized by moderately high rainfall with precipitation averaging approximately
46 inches per year (NRCS 1995).
The Site encompasses a reach of a UT to Dutch Buffalo Creek, the associated
floodplain, and two wetland pockets located in the floodplain. The UT flows in a
northeast to southwest direction for 2322 linear feet through the Site prior to its outfall at
the southern property boundary. ESC biologists mapped two wetland pockets, totaling
approximately 0.55 acre, within the Site floodplain.
The UT is a second-order stream that flows through an alluvial valley (Valley Type VIII).
The Site upper reaches are characterized by a moderately steep valley (0.0076 rise/run)
that is relatively narrow (flood-prone area of approximately 195 feet). As the UT
descends towards its convergence with Dutch Buffalo Creek, the valley flattens (0.0056
rise/run) and widens (flood-prone area of approximately 265 feet).
The upstream drainage area for the UT (depicted in Figure 5) encompasses
approximately 0.6 square mile at the Site outfall. The upstream watershed is comprised
of mixed hardwood forest, agricultural land (livestock, row crops, and hay production),
and low-density residential development. Impervious surfaces appear to account for
less than 10 percent of the upstream land coverage (Figure 6).
On-site land use includes pasture and hay production. A residential building and a
complex of barns and hay storage structures are located adjacent to the northeastern
Site boundary. The Site is primarily characterized by open pasture and hay fields along
with small, isolated forest stands (Figure 7). The pasture is heavily grazed by livestock.
It is assumed active grazing has occurred at the Site for at least 44 years (1958 historic
aerial photography indicate livestock utilization of the floodplain). Livestock have
access to the entire on-site stream and the adjacent floodplain. No exclusionary
barriers occur adjacent to the on-site stream or floodplain, and livestock appear to have
degraded stream banks and removed hydrophytic vegetation.
Current land use within the Site watershed remains rural with few developments.
However, due to the close proximity of the cities of Kar~napolisand Salisbury, there is
potential for development opportunists to attempt watershed land use conversion. If
future watershed development occurs, increased sedimentation from construction may
induce additional peak discharge and sediment supply within the Site.
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3.2
Soils
On-site soils have been mapped by the NRCS (NRCS 1995) (Figure 8). Soils were
verified in the summer of 2002 by a licensed soil scientist to refine soil map units and to
locate inclusions and tax-adjunct areas. The areas most intensely surveyed include
low-lying floodplain areas. Systematic transects were established and sampled to
ensure proper coverage. Soils were sampled for color, texture, consistency, and depth
at each documented horizon. As depicted in Figure 9, three soil map units were
identified: Chewacla, Cecil, and Enon/Mecklenburg.

Chewacla loam is the prevailing Site soil, encompassing approximately 12.1 acres while
dominating the floodplain. Chewacla loam consists of nearly level, somewhat poorly
drained soils. 'These are very deep soils that are frequently flooded. Permeability is
moderate, available water capacity is high, and runoff is slow. The root zone within
these soils is moderately deep and the depth to the seasonal high water table ranges
from 0.5 to 1.5 feet (NRCS 1995). The interior portions of the Floodplain are made up of
silty clay loams while the floodplain edges exhibit sand textured-loams and clays (Figure
10). Although not listed as hydric, Chewacla loam is listed as containing inclusions of
hydric soils. The normal location for inclusions is adjoining upland side slopes and
depressions (NRCS 1997).
Hydric soils are defined as "soils that are saturated, flooded, or ponded long enough
during the growing season to develop anaerobic conditions in the upper soil layer" (SCS
1987). Hydric soil map units were not identified within the Site. However, inclusions of
hydric soils were identified during ground truthing of soil map units. Two pockets of
hydric soils were found in the Chewacla soil mapping unit, occupying approximately 0.6
acre of the Site. The first is a groundwater seep abutting a side slope in the eastern
portion of the floodplain. The second is near the western terminus of the Site in an
oxbow depression. The groundwater seep consists mainly of silty clay loams, while the
oxbow depression is characterized by sandy clay / clay loams (Figure 10). Within the
oxbow depression, unconsolidated gravel was found at depths of 40 inches, suggesting
the presence of a relict stream bed.
The Cecil series is located in the northwest and southeast portions of the Site on side
slopes adjacent to the floodplain. Encompassing approximately 1.4 acres, these are
very deep, well-drained soils with moderate permeability. The Enon/Mecklenburg
complex consists of very deep, well-drained soils with slow permeability. Located on
the west-facing slopes of the Site, these soils encompass approximately 0.9 acre.
3.3
Plant Communities
Distribution and composition of plant communities reflect landscape-level variations in
topography, soils, hydrology, and past or present land use practices. Three plant
communities have been identified on the Site and include: 1) successional agricultural
fields, 2) mesic hardwood forest, and 3) hydrophytic assemblage.
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Successional agricultural fields dominate the Site, accounting for more than 90 percent
of the area. This community varies in composition from fallow hay fields to livestock
pasture. Hay fields are characterized by maintained planted grasses such as alfalfa
(Medicago sativa), fescue (Festuca octiflora), and bluegrass (Poa pratensis). Pasture
land consists of similar grass species; however, selective grazing appears to have
lowered densities of the palatable grass species. Natural recruitment of ruderal species
such as broomsedge (Andropogon virginicus), violet (Viola papilionacea), plantain
(Plantago rugelir), goldenrods (Solidago spp.), wild onion (Allium canadense), ox-eye
daisy (Chrysanthemum leucanthemum), and joe-pye-weed (Eupatorium fistulosum)
appear to be quickly re-colonizing the Site since bush hogging has been halted.
Mesic hardwood forest exists as small, isolated stands sparsely located throughout the
Site. 'The majority of this community is found in the western portion of the Site, on a
topographically elevated area. 'This is a mature community and includes species such
as pignut hickory (Carya glabra), shagbark hickory (Carya ovata), white ash (Fraxinus
americana), sweetgum (Liquadambar styraciflua), tulip poplar (Liriodendron tulipifera),
Virginia pine (Pinus virginiana), flowering dogwood (Cornus florida), and eastern red
cedar (Juniperus virginiana). A few individuals are found adjacent to the degraded
channel in the northern portion of the Site. A line of individuals also runs east to west in
the center of the Site and appears connected to relic fencing.
Two hydrophytic assemblage communites are located within the Site boundaries and
are associated with Site hydric soils (Section 3.2). The first is at the toe of a side slope,
adjacent to the eastern portion of the floodplain. 'This area is dominated by regularly
mowed rushes (Juncus spp.) and sedges (Carex spp.). The second is located in the
western portion of the Site and is believed to be the result of a relict oxbow. Species
include teart humb (Polygonum sagitatum), swamp smartweed (Polygonum
hydropiperoides), Virginia knotweed (Polygonum virginianum), false nettle (Boehmeria
cylindrica), various sedges and rushes, and jewel weed (Impatiens capensis). There
are few, small, woody species present, most likely owing to infrequent maintenance.
Woody species include tag alder (Alnus serrulata), boxelder (Acer negundo), and
American elm (Ulmus americana).
Hydrology
Site hydrology is composed of surface water flows, groundwater migration into open
water conveyances, and, to a lesser extent, precipitation. Surface water flows result
primarily from upstream drainage basin catchment, discharge into upstream feeder
,tributaries, and surface water flows into and through the Site. No active seeps or
springs have been identi,fiedwithin the Site which lend significant hydrology to the UT;
however, two on-site wetland depressions may indicate a coalescing of on-site
groundwater which may function for hydrologic storage during drought or flood events.
3.4

3.4.1

Drainage Area

This hydrophysiographic region is considered characteristic of the Piedmont
Physiographic Province, which extends throughout central portions of North Carolina.
The region is characterized by moderately high rainfall and broad, rolling, interstream
divides intermixed with steeper slopes along well-defined drainage ways. In the Rowan
County area, precipitation averages 46 inches annually, distributed evenly throughout
the year (NRCS 1995). The Site is located in USGS Hydrologic Unit #03040105 (USGS
1974).
The Site drainage area encompasses approximately 320 acres (0.5 square mile) at the
upstream terminus and approximately 385 acres (0.6 square mile) at the Site
downstream outfall. The drainage area is doniinated by rural land uses including
mature bottomland forest and agriculture. Impervious surfaces have been estimated as
less than 10 percent of the land area within the watershed.
The channel originates in the upper watershed immediately south of NC 152 and
continues for approximately 7900 linear feet to a confluence with Dutch Buffalo Creek.
The valley, in portions of the upper watershed, supports a relatively narrow floodplain
with relatively steep valley slopes (approximately 0.0076 riselrun). As the tributary
descends towards Dutch Buffalo Creek, the valley widens and flattens to a slope of
0.0056 (riselrun) at the bottom of the Site.

3.4.2

Discharge

Discharge estimates for the Site utilize an assunied definition of "bankfull" and the
return interval associated with the bankfull discharge. For this study, the bankfull
channel is defined as the channel dimensions designed to support the "channel forming"
or "dominant" discharge (Gordon et a/. 1992). Research indicates that a stable stream
channel may support a return interval for bankfull discharge, or channel-forming
discharge, of between 1 to 2 years (Gordon et a/. 1992, Durlne and Leopold 1978). The
methods of Rosgen (1996) indicate calibration of bankfull dimensions based on a
potential bankfull return interval of between 1.3 and 1.7 years for rural conditions.
Based on available regional curves, bankfull discharge for the on-site UT (0.6 square
mile watershed) averages approximately 61.6 cubic feet per second (cfs) (Harman et a/.
1999). To verify regional curves, three ga.uged streams (Dutchmans Creek, Nowood
Creek, and Big Bear Creek) of sirr~ilarwatershed area to the Site were analyzed to
determine a return interval for momentary peak discharges. Momentary peak
discharges (return interval between 1.3 and 1.7 years) were calculated from the gauge
data and plotted against the regional curve (Appendix A). Momentary peak discharges
were accurately predicted at two of the three stream gauges. The other stream gauge
predicted a lower discharge (based on regional curve predictions of discharge)
suggesting higher discharges than predicted by the regional curve.

Bankfull indicators in the field have also been utilized to predict bankfull discharge. The
cross-sectional area associated with field indicators has been compared to regression
equations that relate discharge to cross-sectional area in rural Piedmont streams. The
average bankfull cross-sectional area in the channel has been estimated at
approximately 14.4 square feet, suggesting a bankfull discharge of approximately 58.2
cubic feet per second (cfs). For this project, the stable "design" channel is assumed to
support a bankfull discharge (1.3-year return interval) of between 55 and 62 cfs at the
Site outfall under existing watershed conditions.
The UT to Dutch Buffalo Creek watershed, the primary hydroligic feature within the Site,
has experienced drought:like conditions over the past year. As a result, the UT was
unable to express flow during the summer and early fall of 2002. Mr. Helms senior, who
has lived on this land for nearly 70 years, revealed to EcoScience Corporation (ESC)
biologists that ,this is only the second time in his life he has witnessed the on-site
channel devoid of surface water flows.

3.4.3

Flood Frequency and Water Surface Elevations

Flood elevations have been approximated by use of a Hydraulic Engineering Center's River Analysis System (HEC-RAS) computer model. The purpose of the analysis is to
predict flood extent for the I - , 2-, lo-, 2 5 , 50-, and 100-year storms under existing
conditions. Subsequently, the model was applied to proposed conditions, after stream
restoration, to assess potential for impacts to adjacent properties or structures, and to
assess potential for increased safety risk to the community associated with large floods.
The existing flood elevations for each storm and the proposed, post restoration storm
flow elevations are depicted in Table 1 and Figure 11.
Existina Conditions
In summary, the model suggests that channel flooding is confined within the existing
channel for 1- and 2-year storm events. However, larger (10-, 2 5 , 50-, and 100-year)
storm events appear to top the existing banks and flow onto the adjacent floodplain
(Figure 11). In the upstream portion of ,the Site, flooding associated with these storms is
confined by steep valley walls to the relatively narrow valley floor; however, in ,the
downstream portion of the Site, flooding extends into the Dutch Buffalo Creek
floodplain. No structures or state-maintained roadways occur within the floodplain;
therefore, flooding impacts are expected to be minimal, including agricultural field
inundation and potential crop loss.
Proiected, Post-Restoration Conditions
On-site channel restoration may raise storm flow elevations by 1) increasing floodplain
roughness through vegetative planting, 2) decreasing channel cross-sectional area, 3)
raising the channel bed, and 4) increasing sinuosity. Elevation of channel water
surfaces may potentially effect upstream properties; therefore, the effects of upstream,
off-site, flooding have been evaluated.

Table 1
WATER SURFACE ELEVATIONS FOR VARIOUS FLOOD FREQUENCIES

Run
Existing

Station
286.3

Proposed
Existing

238.7
428.6

Proposed
Existing

400.8
587.8

Proposed
Existing

595.0
886.7

Proposed
Existing

1038.7
1245.2

Proposed
Existing

1500.0
1386.5

Proposed
Existing

1707.9
1778.9

Proposed
Existing

2237.3
1929.3

Proposed

2413.8

100-year
10-year
50-year
25-year
2-year
1-year
Existing Proposed Existing Proposed Existing Proposed Existing Proposed Existing Proposed Existing Proposed
742.20

739.21

742.57

739.71

743.91

741.OO

744.61

741.54

745.1 6

741.92

745.74

742.30

742.21

740.25

742.59

740.74

743.93

741.97

744.63

742.53

745.18

742.90

745.75

743.29

742.55

741.59

742.74

742.28

744.01

743.18

744.67

743.52

745.21

743.83

745.78

744.16

744.13

743.67

744.84

744.30

744.59

744.99

745.36

745.42

745.36

745.72

745.90

746.02

746.61

746.64

747.13

747.00

748.33

747.77

748.14

748.12

748.46

748.39

748.37

748.66

747.52

747.87

748.05

748.26

748.81

748.89

749.20

749.23

749.35

749.51

749.68

749.79

749.18

750.77

749.79

750.88

751.08

751.47

751.46

751.81

751.82

752.07

752.02

752.35

751.68

751.06

752.04

752.57

752.61

753.04

752.92

753.22

753.17

753.45

753.42

750.51
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The deleterious effects of elevated stormwater flows may be offset through 1)
excavating floodplains andlor floodplain benches adjacent to the channel, thereby
increasing the effective storm flow channel; 2) decreasing the width to depth ratio of the
channel; 3) reducing the roughness of the excavated channel as compared to the
existing channel; and 4) initiation of stream restoration activities downstream from the
upstream Site boundary.
Based on the flood frequency analysis (Table 1 and Figure 1I), the model predicts a
0.98-foot elevation of stormwater flows for the 2-year event (751.06 to 752.04 feet of
elevation) at the upper extent of the Site. However, stormwater flows for the 50-year
and 100-year events are predicted to be lowered at the 'upper extent of the Site by 0.05
foot (753.22 to 753.17) and 0.03 foot (753.45 to 753.42), respectively. This reduction in
storm flow elevations results primarily from floodplain excavation adjacent to the first
2100 feet of the proposed channel. At the downstream terminus of the Site, the model
predicts a reduction of stormwater flows for all respective events. The 2-year storm
event is predicted to be lowered by 2.86 feet (742.57 to 739.71) while the 50-year and
100-year events are predicted to be lowered by 3.24 feet (745.16 to 741.92) and 3.44
feet (745.74 to 742.30), respectively, indicating that proposed mitigation alternatives are
not expected to adversely impact adjacent properties or structures.

3.4.4 Shear Stress and Sediment Transport
Shear stress, expressed as force per unit area, is a measure of the frictional force that
water exerts on a stream channel. Critical shear stress relates to the magnitude of
shear stress required to entrain various sediment sizes into the water column. Shear
stress and sediment entrainment are affected by sediment supply (size and amount),
energy distribution within the channel, and frictional resistance of the stream bed and
bank on water within the channel. These variables ultimately determine the ability of a
stream to efficiently transport bedload and suspended sediment.
Shear stress represents a difficult variable to predict due to variability of channel slope,
dimension, and pattern. Typically, as valley slope decreases channel depth and
sinuosity increase to maintain adequate shear stress values for bedload transport.
Channels which have higher shear stress values than necessary for bedload transport
scour bed and bank materials resulting in channel degradation. Channels with lower
shear stress values than necessary for bedload transport deposit sediment resulting in
channel aggradation.
Shear stress and sediment transport were estimated utilizing various methods including
1) entrainment calculations based on fluvial geomorphic principles (Rosgen 1996), 2)
HEC-RAS models, and 3) Stream Power. Data for each method is included in Appendix
B.

3.4.4.1 Entrainment Calculations
Shear stress and sediment transport were estimated utilizing fluvial geomorphic
principles. Values of critical shear stress and sediment entrainment were calculated by
collecting sediment from a depositional bar feature in the upstream reference reach.
The depositional bar feature is expected to represent the characteristic sediment load in
the channel. The median particle size measured in the depositional bar feature is 6
millimeters and the largest particle size is 38 millimeters. The design channel is
expected to be constructed to effectively transport sediment up to 38 millimeters in size
through the reconstructed reach.
Utilizing bedload estimates obtained in the upstream depositional bar feature, and
assuming a fixed average water surface slope of 0.0057 riselrun in the upstream reach
and 0.0042 riselrun in the downstream reach, entrainment calculations indicate that a
mean bankfull channel depth of approximately 1.3 feet (upstream) and 1.8 feet
(downstream) are required to transport a 38 millimeter particle through the Site.
Proposed median depths of the upstream reach are 1.4 feet. Proposed median depths
of the downstream reach are 1.6 feet.
Analysis of the proposed profile indicates that the average slope (a reach of eight riffles)
ranges from 0.0051 to 0.0064 riselrun in the upper reach and 0.0037 to 0.0052 riselrun
in the lower reach. This would indicate that the mean bankfull depth required to
effectively transport sediment may range from 1.2 to 1.5 feet in the upstream reach and
1.4 to 2.1 feet in the downstream reach.
Based on this analysis, it appears that design depths for the proposed channel vary a
maximum of 0.2 feet for the range of slopes predicted in the upstream reach. This
would indicate that the upper reach will adequately transport sediment through the Site
without aggrading or degrading. However, downstream design depths for the proposed
channel vary from 0.2 to 0.5 feet for the range of slopes predicted by the entrainment
evaluation. This may indicate possible aggradation in the lower one-third of the
downstream reach. Excavation of this portion of the downstream reach to greater
depths in support of this conclusion is not possible however, due to off-site tie in
elevations located in an aggraded reach of the mainstem channel.

3.4.4.2

HEC-RAS Model

Shear stress was calculated in the proposed design channel utilizing a HEC-RAS model
to verify shear stress and critical design depth values. Calculated shear stress values
for the upstream reach ranged from 0.24 to 0.65 pounds per square foot. Shear stress
values for the downstream reach ranged from 0.28 to 0.45 pounds per square foot. The
allowable shear stress for a vegetated bank is approximately 2 pounds per square foot
and the permissible shear stress for bare earth is approximately 0.18 pounds per
square foot. Based on these results, the channel may require a temporary linear until
vegetation is established. Shear stress values appear within the constraints of a

vegetated stream bank and utilization of a coir fiber matting on the stream banks should
allow for adequate stabilization until vegetation has established.
The HEC-RAS analysis was utilized to calculate critical depths for the proposed design
channel. Critical depths calculated by the HEC-RAS model range from approximately
1.6 to 1.9 feet in the upper reach and 2.1 to 2.2 feet in the downstream reach.
Proposed channel maximum depths in the upstream and downstream reach are
approximately 1.8 and 2.1 feet, respectively. Based on results of this analysis, critical
depths of the proposed design channel are suitable for shear values and expected
channel velocities within the Site.

Stream Power
Stability of a stream refers to its ability to adjust itself to in-flowing water and sediment
load. One form of instability occurs when a stream is unable to transport its sediment
load, leading to the condition referred to as aggradation. Conversely, when the ability of
the stream to transport sediment exceeds the availability of sediments entering a reach
and/or stability thresholds for materials forming the channel boundary are exceeded,
erosion or degradation occurs.
Stream power is the measure of a stream's capacity to move sediment over time.
Stream power can be used to evaluate the longitudinal profile, channel pattern, bed
form, and sediment transport of streams. Stream power may be measured over a
stream reach (total stream power) or per unit of channel bed area. The total stream
power equation is defined as:

where 8 = total stream power (lb-ft/s2), p = density of water, g = gravitational
acceleration, Q = discharge (ds), and s = energy slope (riselrun). The specific weight
of water (y = 62.4 pounds per cubic foot [lb/ft3]) is equal to the product of water density
and gravitational acceleration, pg. A general evaluation of power for a particular reach
can be calculated using bankfull discharge and water surface slope for the reach. As
slopes become steeper and/or velocities increase, stream power increases and more
energy is available for re-working channel materials. Straightening and clearing
channels increases slope and velocity and thus stream power. Alterations to the stream
channel may conversely decrease stream power. In particular, over widening of a
channel will dissipate energy of flow over a larger area. This process will decrease
stream power, allowing sediment to fall out of the water column, possibly leading to
aggradation of the streambed.
The relationship between a channel and its floodplain is also important in determining
stream power. Streams that remain within their banks at high flows tend to have higher
stream power and relatively coarser bed materials. In comparison, streams that flood
over their banks onto adjacent floodplains have lower stream power, transport finer

sediments, and are more stable. Stream power assessments can be useful in
evaluating sediment discharge within a stream and the deposition or erosion of
sediments from the streambed.
Shear stress, expressed as force per unit area, is a measure of the frictional force that
flowing water exerts on a streambed. Shear stress and sediment entrainment are
affected by sediment supply (size and amount), energy distribution within the channel,
and frictional resistance of the streambed and bank on water within the channel. These
variables ultimately determine the ability of a stream to efficiently transport bedload and
suspended sediment.
For flow that is steady and uniform, the average boundary shear stress exerted by water
on the bed is defined as follows:

where z = shear stress (pounds per square foot [1b/ft2]),y = specific weight of water, R =
hydraulic radius (ft), and s = the energy slope (riselrun). Shear stress calculated in this
way is a spatial average and does not necessarily provide a good estimate of bed shear
at any particular point. Adjustments to account for local variability and instantaneous
values higher than the mean value can be applied based on channel form and
irregularity. For a straight channel, the maximum shear stress can be assumed from
the following equation:

for sinuous channels, the maximum shear stress can be determined as a function of
plan form characteristics:

where R, = radius of curvature (ft) and Wbkf= bankfull width (ft).
The actual amount of work accomplished by a stream per unit of bed area depends on
the available power divided by the resistance offered by the channel sediments, plan
form, and vegetation. The stream power equation can thus be written as follows:

where o = stream power per unit of bed area (Nlft-sec, ~oules/sec/~),
z = shear stress,
and v = average velocity (Wsec). Similarly,

where WbM=width of stream at bankfull (ft).

Stream Power and Shear Stress Methods and Results

3.4.4.4

Channel degradation or aggradation occurs when hydraulic forces exceed or do not
approach the resisting forces in the channel. The amount of degradation or aggradation
is a function of relative magnitude of these forces over time. The interaction of flow
within the boundary of open channels is only imperfectly understood. Adequate
analytical expressions describing this interaction have yet to be developed for
conditions in natural channels. Thus, means of characterizing these processes rely
heavily upon empirical formulas.
Traditional approaches for characterizing stability can be placed in one of two
categories: 1) maximum permissible velocity and 2) tractive force, or stream power and
shear stress. The former is advantageous in that velocity can be measured directly.
Shear stress and stream power cannot be measured directly and must be computed
from various flow parameters. However, stream power and shear stress are generally
better measures of fluid force on the channel boundary than velocity.
Using the aforementioned equations, stream power and shear stress were estimated for
1) the existing on-site stream reach (taken at three cross-sections), 2) the upstream
reference reach, and 3) proposed on-site conditions. Important input values and output
results (including stream power, shear stress, and per unit shear power and shear
stress) are presented in Table 2.
Average stream velocity and discharge values were calculated for the existing on-site
stream reach, reference streams, and proposed conditions. Stream roughness
coefficients (n) were estimated using a modified version of Jarrett's (1985) weighted
method for Cowan's (1956) roughness-component values and applied to Manning's
equation (Manning 1981).
Table 2. Stream Power (a)and Shear Stress (7) Values

Downstream
62
Aggrading
Upstream Reference
UT Reference
50

0.0062

Proposed Conditions
Upstream
58
Downstream
62

0.0057
0.0042

I

0.0025

9.7

1

19.3
20.6
16.2

0.9

I

1.9
2.0
1.8

1.1

I

0.9
1.O
1.2

0.17

1

0.35
0.36
0.31

4.3

1

0.7

NA

4.5

1

1.6

1 0.57

4.5
4.3

1.6
, 1.3

0.61
0.51

Calculations were performed on-site for the upstream straightened G-type reach, the
upstream straightened E-type reach, the downstream aggrading reach, a reference
reach and, proposed channel conditions. As would be expected, stream power and
shear stress are lowest in the downstream aggrading reach (0.9 and 0.17, respectively).
Conversely, stream power and shear stress are highest in the upstream G-type
degrading reach (2.8 and 0.47, respectively) were slopes have been steepened by
dredging and straightening activities and the channel has been maintained at a higher
cross-sectional area and low widtWdepth ratio.
In order to maintain sediment transport functions of a stable stream system, the
proposed channel should exhibit stream power and shear stress values between the
aggrading and degrading on-site reaches of the Site. Results of the analysis indicate
that the proposed channel is expected to maintain stream power values ranging from
1.8 to 2.0 and shear stress values ranging from 0.31 to 0.36. These values reside
between values for unstable reaches measured for this study. In addition, these values
are comparable to stream power and shear stress values identified in the upstream
reference reach. Therefore, the design channel is expected to effectively transport
sediment through the Site, resulting in stable channel characteristics.

3.4.5

Groundwater

Groundwater seepage results from upland terrestrial catchment, subsurface lateral
groundwater flow, and expression of the groundwater table in jurisdictional wetland
pockets or area stream margins. Groundwater seepage is related to the size and
characteristics of the catchment basin while subsurface lateral flow is related to the
porosity/conductivity of drainage basin soils. The drainage basin upstream of the Site is
characterized largely by mature forest and open pasture with little impervious surface.
With the exception of roads and roadside ditches, precipitation is expected to penetrate
area soils and enter the groundwater table to be discharged into area streams. One
groundwater seep occurs within the Site. This seep, depicted in Figure 7, is located at
the base of the valley wall in a concave, water collection slope. The result is a wetland
pocket approximately 0.23 acre in size.
Oxbow depressions are the result of shoot cutoffs and abandonment of an outer
meander bend. When a tight bend in the stream becomes severed from the parent
stream, a crescent-shaped oxbow lake is formed, and its character immediately begins
to change. As sediment is deposited into the oxbow from periodic flooding the lake
becomes shallower and, over time, evolves into a depressional wetland. A 0.32-acre,
oxbow depression occurs in the inner-stream flat between Dutch Buffalo Creek and the
UT to Dutch Buffalo Creek. Judging from the orientation of the depression, it appears
that the oxbow was spawned from Dutch Buffalo Creek. This crescent-shaped feature,
depicted in Figure 7, appears to support a growing layer of undecomposed organic
matter and long-term, surface inundation. Soils within this depressional feature exhibit
evidence of fluvial processes such as lateral stream migration. Buried surface horizons,
buried organic debris, buried stream-bed substrate, and linear sand deposits suggest
that the wetland surface has been periodically re-worked by stream dynamics. Studies

indicate that under certain conditions, over 50 percent of a floodplain may be re-worked
by stream shifts within a period of 70 years (Everitt 1968).
3.5
Stream Characterization
Stream characterization is intended to orient stream restoration based on a
classification utilizing fluvial geomorphic principles (Rosgen 1996). This classification
stratifies streams into comparable groups based on pattern, dimension, profile, and
substrate characteristics. Primary components of the classification include degree of
entrenchment, widtwdepth ratio, sinuosity, channel slope, and stream substrate
composition. The stream classes characterizing existing reaches within the Site include
G-type (gully) and E-type (low width to depth ratio) streams. Each stream type is
modified by a number 1 through 6 (ex. E5) denoting a stream type which supports a
substrate dominated by 1) bedrock, 2) boulders, 3) cobble, 4) gravel, 5) sand, or 6)
siltlclay. The Site channel bed is dominated by gravel and sand (subclassification415).
Historically, the channel may have supported an E 4/5 stream type typical of those
found in the North Carolina Piedmont under similar watershed conditions.

3.5.1

Stream Geometry and Substrate

Stream geometry measurements under existing conditions are depicted in Figures 12
and 13 and summarized in Tables 3A and 3B. Individual cross-section data and other
morphological data (including a morphological measurement table) are included in
Appendix C. The upstream portion of the Site contains a transitional reach supporting
characteristics of a G-type (gully) stream. G-type streams are characterized as highly
entrenched streams with a low widtwdepth ratio (42). Typically, G-type streams
downcut and widen by eroding laterally into channel banks during peak flows. Over
time, the widened gully develops into an F-type stream that supports a relatively high
widtNdepth ratio (>12) and the presence of developing point and mid-channel bars.
The increase in widthldepth ratio in the bottom of the gully, due to bank erosion, will
allow for development of a new floodplain at a lower elevation in the future.
Subsequently, a meandering (C or E) channel would be expected to develop within the
re-established floodplain.
The G-type reach of the upstream channel supports a flood-prone area of 16 feet in
width with an entrenchment ratio ranging from 1.5 to 1.7. Livestock activity on the
channel banks has eroded banks throughout the upstream channel. Without bank
vegetation to reduce erosion, the banks are expected to continue eroding into a broad,
widened gully with intermittent point and mid-channel bars (F-type stream).
The upstream portion of the channel transitions from a G-type stream into an E-type
(low width to depth ratio) stream. An E-type stream type is characterized as slightly
entrenched with a very low widtwdepth ratio (42). The E-type reach of the upstream
channel supports a flood-prone area ranging from 190 to 200 feet in width with an
entrenchment ratio ranging from 15 to 20.

Table 3A
Stream Geometry and Classification
UT to Dutch Buffalo Creek Mitigation Site
(See Figure12 for existing stream-type locations)
Dimension

Existing

(G-type)
Attribute
DA
Abkr
Wbu( (riffle)
Dbu (rime)
Dm (riffle)
FPA (riffle)
Wd
--Dmax (pool)
L@
LBH

Median
0.5
13
10.0
1.3
1.8
16
13.4
2.3
NA
3.5

Range
0.5 - 0.6
13
9.4 - 10.5--- 1.2 - 1.4
1.7 - 1.816
NA
NA
-NA -3.5

- --

Dwnstream Existing

Conditicns
Median
Range
Median
Range
0.5 0.5 - 0.6
0.5
0.5 - 0.6 14.3
14.2 - 14.3
14.4
11.2
10.0 - 12.4
10.9 -- 9.7 - 12.0
1.4
1.2 - 1.5
1.3
-- 1.2- 1.4 --2.4 -- .2.2 - 2.6
2.7
2.6 - 2.7
195
190 - 200
220
220 - 265 -13.4
NA
11.6
NA
2.3
NA
,
2.6
- NA
NA
NA
NA
NA
4.0
3.8 - 4.2
3.2
2.9 - 3.5

Pattern
Attribute
Wbe'

.

L

-

RC
LD*

S i n 1

Upstream Ex~stingConditions
(G-~YP~)
Median
Range

Upstream Exi

NOdistinct repetitive pattern of
riffles and pools within the
degraded channel

No distinct repetitive pattern of
riffles and pools within the
degraded channel

1.o

NA

3 Conditions

Median

Range

1.o

NA

Downstream Existing
Conditions
Median
Range
No distinct repetitive pattern
of riffles and pools within the
degraded channel
1.o

NA

Profile
Upstream Existing Conditions

Upstream Exi

J

Conditions

IG-tv~e)
,,
,
~

Attribute
,S
Svaey
Srtme
SW

DA
Abkf
Wbld

Dbkf
Dm
FPA

ww
Lpoal
LBH

Median
Range
Median
Range
0.0076
NA
0.0076
NA
0.0076
NA
..0.0076
N
A
No distinct repetitive pattern of No distinct repetitive pattern of
riffles and pools
riffles and pools

Drainage Basin Area (sq. mi.)
Bankfull cross-sectional area (riffle) (@)
Bankfull width (ft)
Average bankfull depth (ft)
Maximum depth (ft)
Floodprone Area (ft)
Channel width at a pool (ft)
Individual pool length (ft)
Low bank height (distance from
thalweg to the top of low bank) (ft)

Downstream Existing
Conditions
Median
Range
0.0025
NA
0.0056
NA
No distinct repetitive pattern
of t i e s and pools

Belt width (ft)
Meander wavelength (ft)
Radius of Curvature (ft)
Length from pool to pool (ft)
Sinuosity (thalweg distlstraight-line dist.)
Slope of the water surface (riselrun)
Slope of the valley (riselrun)
Slope of the riffle (risetrun)
Slope of the pool (riselrun)

Table 3 8
Stream Geometry and Classification Ratios
UT to Dutch Buffalo Creek Mitigation Site
(See Figure12 for existing stream-type locations)
Dimension Ratios
Upstream Ex~stlngCond~ttons
(G-~YP~)
Median
Range
0.30.5 - 0.6
1.6
1.5- 1.7
7.5
7-8
2.0
1.9 - 2.1

Attribute
DA
ENT
WbdDbki
BHR

Dm

(riffle)

Upstream Exrstlng Cond~t~ons

Downstream Ex~st~ng
Cond~t~ons
Median
Range
0.5
0.5 - 0.6
22.8
18.4 - 27.2 9
7 - 10
1.3
NA

(

Median
Range
0.5 - 0.5 - 0.6
18
15-20
9
7-11
1.5
1.4 - 1.6

1.4

1.3- 1.4

2.1

1.9 - 2.3

u.d!aQ
Dave(riffle)

1.8

NA

1.8

b

---

1.3

NA

Dave(riffle)

Wbm(riffle)

I

--

NA

1.3

I

NA

1.8

1.7- 1.8

1.6

1.5-1.9

1.2

1.1 - 1.4

Pattern Ratios

. ,i E . 1

Upstream Ex~stmg
Gmii%we
Attribute

Median

WbeltMlbla

-

LrrjWbla
%NVbkf
L,dMw
la

,

G-Wl

Range

Median

NOdistinct repetitive pattern of
riffles and pools within the
degraded channel

. ' .

Range

No distinct repetitive pattern of
riffles and pools within the
degraded channel

iJsWWmmm

cmmtu

Median

Range

No distinct repetitive pattern
of riffles and pools within the
degraded channel

Profile Ratios

DA
EPQT
Wbkf
Dbm
BHR
Qmx

FPA
'-Pa4

LBH

Drainage Basin Area (sq. mi.)
Entrenchment ratio (FPAMlbw)
Bankfull width (ft)
Average bankfull depth (ft)
Bank height ratio [low bank height/Dmax (riffle)]
Maximum depth (ft)
Floodprone area (ft)
Channel width at a pool (ft)
Individual pool length (ft)
Low bank height (distance from
thalweg to the top of low bank) (ft)

w belt
Lm

Rc
, ,L
Sn

S,
Svaltey
btne
spool

Belt width (ft)
Meander wavelength (ft)
Radius of Curvature (ft)
Length from pool to pool (ft)
Sinuosity (thalweg disvstraight-line dist.)
Slope of the water surface (risetrun)
Slope of the valley (risdrun)
Slope of the riffle (risdrun)
Slope of the pool (riselrun)

Ratio of valley sfope to water surface slope is high due to beaver activity causing aggradation of the stream channel.
Actual sinuosities appear to be approximately 1.0 - 1.I(thalweg distance 1 straight-line distance) as calculated using infield measurements.

Beaver activity on Dutch Buffalo Creek has greatly influenced downstream channel
morphology. Slackwater conditions caused by beavers, coupled with a decreasing
valley slope and excessive upstream bank collapselsediment load, have resulted in
particulate matter deposition and channel aggredation. Thus, the downstream portion
of the channel supports characteristics of an E-type stream. The downstream reach
supports a flood-prone area ranging from 220 to 265 feet in length with an
entrenchment ratio ranging from 18 to 27.
Detailed pebble counts were conducted on the existing channel. These data (see
.Appendix C) show the majority of substrate to be fine sand. This indicates that bank
collapse and channel erosion are supplying the on-site stream with an above-average
sediment load of fine-textured material. Restoration efforts are designed to reduce bank
collapse, channel erosion, and particulate material suspensionldeposition.
3.6
Jurisdictional Wetlands
Jurisdictional wetland limits are defined using criteria set forth in the U.S. Army Corps of
Engineers (COE) Wetlands Delineation Manual (DOA 1987). As stipulated in this
manual, the presence of three clearly defined parameters (hydrophytic vegetation,
hydric soils, and evidence of wetland hydrology) are required for a wetland jurisdictional
determination.

Jurisdictional wetland limits were delineated, flagged, and mapped in the field utilizing
Global Positioning System (GPS) technology on September 2002. The jurisdictional
delineation was field verified by Mr. John Thomas of the COE on March 4, 2003. Based
on field assessment, jurisdictional wetlands exist as two individual pockets and occupy
a total of 0.55 acre of the Site, as depicted in Figure 14.
The pocket located on the eastern floodplain periphery is the result of a draw that
collects groundwater. Although this area is maintained by bush hogging and regular
grazing, the groundwater draw is underlain by slightly gleyed soils, indicating consistent
hydrologic input and poor drainage. Due to increased saturation, this area should
exhibit a higher organic concentration and nutrient filtration abilities. Groundwater
gauge data collected from a period of early March 2003 to May 2003 indicate that this
portion of the site is subject to frequent water table drawdown events and may benefit
.From proposed surface water modifications, floodplain scarification, and planting.
The pocket on the western floodplain periphery is an oxbow depressional storage
feature which was recently in pasture; however, cattle have been fenced out of this
area. This oxbow is underlain by layered, alluvial deposits and unconsolidated gravel
was found at depths of 40 inches, indicating the presence of a relict stream bed. This
area is expected to eventually fill in with alluvial sediments and organic peats. Primary
mesophytic successional species, such as rushes, sedges, tearthumb, swamp
smartweed, and false nettle, have colonized the oxbow depression after fencing. This
depressional wetland functions for flood storage, pollutant removal, and groundwater
recharge. In an attempt to remove surface water, a ditch has been excavated which
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Table 6A
Stream Geometry and Classification
UT to Dutch Buffalo Creek Mitigation Site
(Upstream Reach [see Figure12 for existing stream-type locations])
Dimension
Existing conditions (G-type)
Existing Conditions (E-type)
Median
Range
Median
Range
0.5 - 0.6
0.5
0.5 - 0.6
0.5
.
14.3
14.2 - 14.3
13
13
10.0
9.4 - 10.5
11.2
10.0 - 12.4
1.3
1.2- 1.4
1.3
1.2-1.41.8
1.7- 1.8
2.7
2.6 -2.7
195
190 - 200
16
16
13.4
NA
13.4
NA
2.3
NA
2.3
N
-A
.LN
A
N
A
NA
NA 3.5
3.5
4.0
3.8 - 4.2

Attribute
DA
Abla

Wbmc(riffle)
Dbki (rime)
Dm, (riffle)
FPA (rime)
- W~m(p0ol'L
L
J
-z?.-!
LBH

--

-

-

Proposed Conditions
Median
Range
0.5
0.5 - 0.6
-- 13.0 --- 13.0 - 14.3
10.2
9.5 - 10.8
1.3
1.2 - 1.4
- 1.8
1.7 - 2.0
164
125 - 200
13.3
12.2 - 14.3
2.6
2.0 - 3.3
28
16-42
1.8
1.7-2.0

-

-

-

-

- -

-

-- -

pattern
Existing Cond~tions(G-type)
Mian
Range

Exsting C a m s (E-type)
Median
Range

Proposed Conditions
Median
Range
115
60 - 161
No distinct repetitive pattern of
95
71 - 127
.
riffies and pools within the
24.7
20.4 - 39.9
degraded channel

No distinct repetitive pattern of
riffies and pools within the
degraded channel

I

Sin

NA

I.O

I

NA

I.O

1

60
--

40
.-

- 107

NA

1.37

Profile
Attribute

ssrv
b e v

SM.~
IS
,
stream
Type
DA
Abkf

wbid
Dbki
D m

FPA
W@
L w

LBH

,

Existing Conditions (Etype)
Mian
Range
0.0076
NA
0.0076
NA
No distinct repetiiive patter of
riffles and pools

G W4

Existing Gonditiis (E-type)
Median
Range
0.0076
NA
0.0076
NA
No distinct repetiive patter of
riftles and pools

I

Drainage Basin Area (sq. mi.)
Bankfull cross-sectional area (riffie) (f?)
Bankfull width (ft)
Average bankfull depth (ft)
Maximum depth (ft)
floodprone Area (ft)
Channel width at a pool (ft)
Individual pool length (ft)
Low bank height (distance from
thalweg to the top of low bank) (ft)

E 514

'J'Jm
Lm

Rc

LPP

Sin

S,
Svalley

Sfltlle

sm

Proposed Conditions
Range
Median
0.0057
0.0051-0.0064
0.0076
NA
0.0074
0.004-0.0125
0.0023
0.0006-0.0057

I

E 514

Belt width (ft)
Meander wavelength (ft)
Radius of Curvature (ft)
Length from pool to pool (R)
Sinuosity (thalweg disffstraight-linedist.)
Slope of the water surface (riselrun)
Slope of the valley (riselrun)
Slope of the riffle (risdrun)
Slope of the pool (risdrun)

Table 6 6
Stream Geometry and Classification Ratios
UT to Dutch Buffalo Creek Mitigation Site
(Upstream Reach [see Figure12 for existing stream-type locations])
Dimension Ratios

L?~mdma

1.4

Dave (riffle)

D!Edm&
D,

Existing Conditions (E-type)
Median
Range
0.5
0.5 - 0.6
18
45-20
-9
7-11 1.5
1.4 - 1.6

ExMng tlmdims (G-type)
Median
Range
0.5
0.5 - 0.6
t.6
1.5 - 1.7
7.5
7-8
2.0
1.9 - 2.1

Attribute
DA
ENT
WbkJDbktBHR

1.8

(riffle)

- 1.4

2.1

1.9 - 2.3

CJA

1.8

NA

NA

1.3

NA

t.3
.--

!&?5!
Wbkf( (riffle)

1.3

--

Proposed Conditions
Median
Range
0.5
0.5 - 0.6 16
12-20
8
7-9
1.O
1.0- 1.21.4

-

1.3 - 1.5

2

1.5 - 2.5

1.3

1.2 - 1.4

--

Pattern Ratios

--

Existir
Media.,

EIds\maQnQllRns (G-type)
Median
Range

Attribute
Wwrmwt

No distinct repetitive pattern of
riffles and pools within the
degraded channel

LA"&f
W b k f

Lnflbld

I

Attribute
[
-SV~UW/SW

I

Proposed Conditions
Median
Range
11.3
6-16
No distinct repetitive pattern of
7
0 - 12.5
9.3
rifles and pools within the
-- 2.4 --- 2.0 - 3.9
degraded channel
5.9
3.9 - 10.5

Profile RMas

~ni!3tsngComSlibns (Gm) I
Median
Range
I
1.O
NA
I

Existing Conditions (E-type)
Median
Range
1.O
NA

DA

Drainage Basin Area (sq. mi.)
Entrenchment ratio (FPAtWkr)
Bankfull width (ft)
Wbld
D ~ M Average bankfull depth (ft)
BHR
Bank height ratio [low bank height/D,
Maximum depth (ft)
Dm,
Floodprone area (R)
FPA
wfxd Channel width at a paol (ft)
Individual p m l length (ft)
Lpocl
LBH
Low bank height (distance from
thalweg to the top of low bank) (ft)

ENT

(riffle)]

I

I
I

Proposed Conditions
Median
Range
--1.3
- -- NA

W t width (ft)
Meander wavelength (ft)
Radius of Curvature (ft)
Length faom pool to pool (ft)
Sinuosity (thalweg distlstraight-line dist.)
Sbpe of the water surface (riselrun)
Slope of the valley (riselrun)
Sbpe of the riffle (riselrun)
Sbpe of the pool (riselrun)

Table 6C
Stream Geometry and Classification
UT to Dutch Buffalo Creek Mitigation Site
m Reach)
Dimension
Attribute
- DA
- Abla
WM( (rifRe)
D ~ (riffle)
M
Dmax
(riffle)
- FPA (riffle)
Wm
- Dmx (PI)
Lm
LBH

I

Median
0.5
14.4
10.9
1.4
2.4
220
11.6
2.6
NA
3.2

Existing conditions
Range
0.5 - 0.6
14.2 - 14.6
9.7 - 12.0
1.2- 1.5
-2.2 - 2.6
220 - 265
NA
NA
NA
2.9 - 3.5

Median

Existing Conditions
Range

I

--

Median
0.5
14.4
%31.6
2.1
243
11.2
3.2
27
2.1

Proposed Conditions
Range
0.5 - 0.6
14.4 - 15.2
9.3 - 10.0
1.4 - 1.6
1.9 - 2.2
220 - 265
9.4 - 13.0
2.4 -4.0
17-40
1.9 - 2.2

Pattern
Attribute

I

Median

I

1.35

No distinct repetitive pattern of riffles and pools
within the degraded channel

I

Sin

NA

1.O

Proposed Conditions
Range
56 - 83
77 - 107
19.8 - 35.8
--- 40 - 107
NA

Profile

I
Attribute
Sw
&alley

Sri~e

Median
0.0025
0.0056

Existing
- Conditions
Range
NA
NA

I

No distinct repetitive patter of riffles and pools

Spool

Stream
Type

DA
Abld
Wbm
DM
Dmw
FPA

wc€ml
LPd
LBH

I

E W4

Drainage Basin Area (sq. mi.)
Bankfull cross-sectional area (riffle) (ft2)
BankfuM width (ft)
Average bankfull depth (ft)
Maximum depth (ft)
Floodprone Area (ft)
Channel width at a pool (ft)
Individual pool length (ft)
Low bank height (distance from
thalweg to the top of low bank) (ft)

.

Wmt

L
Rc
LPP
Sin

swS
Svai~ey
Srime

SPd

Median
0.0042
0.0056
0.0055
0.0017

Pro~o~e
Conditions
d
Range
0.0037 - 0.0052
0.0056
0.0029 - 0.0092
0.0004 - 0.0042

E 514
Belt width (ft)
Meander wavelength (ft)
Radius of Curvature (ft)
Length from pool to pool (R)
Sinuosity (thalweg distlstraight-line dist.)
Slope of the water surface (risetrun)
Slope of the valley (risdrun)
Slope of the riffle (risdrun)
Slope of the pool (tisetrun)

.

Table 6D
Stream Geometry and Classification Ratios
UT to Dutch Buffalo Creek Mitigation Site
(Downstream Reach)
Dimension Ratios

I
Attribute
DA
ENT
WbkdDbrn
BHR
Dm Eriffle)
,D (riffle)

Median
0.5
22.8
9
1.3

Existina
- Conditions
Range
0.5 - 0.6
18.4 - 27.2
7 - 10
NA

1.8

Q~fdEa
Dave (riffle)

1.6

!ax#!!

--

Proposed Conditions
Median
Range
O L 0.5 - 0.6
24 - 29
26
6
6-7
1.O
1.0-1.2

1.7- 1.8

1.3

1.2- 1.4

1.5 - 1.9

2.0

1.5 - 2.5

1.1 - 1.4

1.2

1.O

--

1.2

Wbkf((rime)

I

,

- 1.4

-

--

Pattern Ratios
Attribute
wbetmbkr

I
(

I

Median

Existing
- Conditions
Range

I

I

Median
7.3

No distinct repetitive pattern of riffles and pools
within the degraded channel

Proposed Conditions
Range
6.0 - 8.9
8.3- 11.5
2.1 - 3.8

Profile Ratios
Attribute
%w/&

Median
*2.2

Existing Conditions
Range
NA

SdL
No distinct repetitive pattern of riffles and pools
~ p o o J ~

DA
ENT
Wbkf
DM
BHR
Dmx
FPA

wm
L w
LBH

Drainage Basin Area (sq. mi.)
Entrenchment ratio (FPAMlbw)
Bankfull width (ft)
Average bankfull depth (R)
Bank height ratio [low bank heightlDMaximum depth (ft)
Floodprone area (ft)
Channel width at a pool (ft)
Individual pool length (ff)
Low bank height (distance from
thalweg to the top of low bank) (R)

(riffle)]

-

Median
1.3
1.3
0.4

Proposed Conditions
Range
NA
0.7 - 2.2
0.1 - 1.0

Belt width (ft)
Meander wavelength (ft)
Radius of Curvature (ft)
Length from pool to pool (R)
Sinuosity fthalweg disffstraight-linedist.)
Slope of the water surface (riselrun)
Slope of the valley (riselrun)
Slope of the riffle (riselrun)
Slope of the pool (riselrun)

Ratio of valley slope to water surface slope is high due to beaver activity causing aggradation of the stream channel.
Actual sinuosities appear to be approximately 1.0 - 1.I(thalweg distance Istraight-line distance) as calculated using infield measurements.

Beltwidth Preparation and Gradinq
'The stream beltwidth corridor will be cleared to a.llow survey and equipment access.
Care will be taken to avoid the removal of existing, deeply rooted vegetation within the
beltwidth corridor which may provide design channel stability. Material excavated
during grading will be stockpiled immediately adjacent to the channel segments to be
abandoned and backfilled. These segments will be backfilled after stream diversion is
completed. The preliminary grading plan depicted in Figure 16 summarizes activities
involved in beltwidth preparation, floodplain grading, and channel backfilling.

Jl

Spoil material may be placed to stabilize temporary access roads and to minimize
compaction of the underlying floodplain. However, all spoil will be removed from
floodplain surfaces upon completion of construction activities.
After preparation of the corridor, the design channel and updated profile survey will be
developed and the location of each meander wavelength plotted and staked along the
profile. Riffle locations and relative frequency will be staked according to parameters
outlined in Figure 16. These configurations may be modified in the field based on local
variations in the floodplain profile. 'The stakes will be marked to denote the appropriate
cross-section shape conceptually depicted in Figure 17 (riffle or pool).

J
2
Channel Excavation
The channel will be constructed within the range of values depicted in Tables 6A, 6B,
6C, and 6D. The cross-sectional area will be approximately 13 to 15 square feet, with a
bankfull width ranging between 9 and 12 feet, and an average bankfull depth ranging
between 1.2 to 1.4 feet in the upstream reach and 1.9 to 2.2 feet in the downstream
reach.
Figure 16 provides a plan form and riffle elevations for the constructed channel. Riffle
elevations refer to channel bed surface elevations at the specified location (top of riffle
or bottom of riffle). Elevations depicted for top of riffles are approximately equivalent to
the previous bottom of riffle, allowing for a flat water surface in all pools under normal
flow conditions. A conceptual view of the proposed profile and plan view of the
constructed channel is depicted in Figure 18.
The stream banks and local belt width area of co~istructedchannels will be immediately
planted with shrub and herbaceous vegetation. Shrubs such as tag alder and black
willow may be purchased and planted, or removed from the banks of the abandoned
channel and stockpiled during clearing, and placed into the stream construction area.
Deposition of shrub and woody debris into and/or overhanging the constructed channel
is encouraged. Root mats may also be selectively removed from adjacent areas and
placed as erosion control features on channel banks.
Particular attention will be directed toward providing vegetative cover and root growth
along the outer bends of each stream meander. Live willow stake revetments will be
constructed as conceptually depicted in Figure 19.
Available root mats or
biodegradable, coir fiber matting may be embedded into the break-in-slope to promote

,,
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The stream-side trees and shrubs include species with high value for sediment
stabilization, rapid growth rate, and the ability to withstand hydraulic forces associated
with bankfull flow and overbank flood events. Stream-side trees will be planted within
10 to 15 feet of the channel throughout the meander belt width. Shrub elements will be
planted along the banks of the reconstructed stream, concentrated along outer bends.
PiedmonVMountain bottomland hardwood forests are targeted for outer portions of the
floodplain. PiedmonVlow mountain alluvial forest will be planted in the relict oxbow and
the side slope seep area containing hydric soils. Slope forests are intended for slopes
adjacent to the floodplain.
Certain opportunistic species which may dominate the early successional forests have
been excluded from community restoration efforts. Opportunistic species consist
primarily of red maple, tulip tree, and sweetgum. These species should also be
considered important components of bottomland forests where species diversity has not
been jeopardized.
The following planting plan is the blueprint for community restoration. The anticipated
results stated in the Success Criteria (Section 6.6) are expected to reflect potential
vegetative conditions achieved after steady-state conditions prevail over time.

5.4.1 Planting Plan
The purpose of a planting plan is to re-establish vegetative community patterns across
the landscape. The plan consists of 1) acquisition of available plant species, 2)
implementation of proposed Site preparation, and 3) planting of selected species.
Species selected for plariting will be dependent upon availability of local seedling
sources. Advance notification to nurseries (1 year) will facilitate availability of various
non-commercial elements.
Bare-root seedlings of tree species will be planted within specified map areas at a
density of 680 stems per acre on 8-foot centers. Shrub species within streambank
areas will be planted at a density of 2722 stems per acre on 4-foot centers. Table 7
depicts the total number of stems and species distribution within each vegetation
association. Planting will be performed between Noverr~ber15 and March 15 to allow
plants to stabilize during the dormant period and set root during the spring season. A
total of 12,149 diagnostic tree and shrub seedlings will be planted during restoration
(Table 7).

TABLE 7
Plantinn Plan
PiedmonUMountain Streamaide
Vegetation
Forest
Bottomland
Association (Planting
Hardwood Forest Assemblage
Area)

1

I

Area (acres)

1

11.2

Green Ash

1523

Stream-Side PiedmonULow
Shrub
Mountain
Assemblage Alluvial Forest

1

1.6

1

0.5

Slope
Forest

1

0.5

TOTAL

1

0.6

14.4

272

-

I

Swamp Chestnut Oak

1523

American Sycamore

1523

I

Willow Oak

272

I

1523

1633

110

1905

I

1

102

(

1625

Black Gum

760

760

Black Walnut

760

760
272

Black Willow

I

River Birch

(

Tag Alder

/
1

I

110

I
1

1
1

272

340

1
1

340

612

1
1

110

1
I

1
1

382
340

Buttonbush

136

450

586

Elderberry

340

450

790

Silky Dogwood

205

Spicebush
White Oak

1
1

1
1
-

-

1
1

2 05

1
1

-

450

1
(

-

1
102
-

450

1 1 0 2

-

Southern Red Oak

102

102

Black Cherry

102

102

408

12149

TOTAL

7612

1088

1361

1680

1

Scientific names for each species, required for nursery inventory, are listed in the mitigation plan.

2

Planting densities comprise 680 trees and 2722 shrubs per acre within each specified planting area.

6.0

MONITORING PLAN

6.1
Site Monitoring
The NCDOT will provide an "as-built" plan of the stream reach within 90 days after
construction has been completed. The as-built plan will include profile and plan view of
the completed stream project. The as-built plan will serve as the baseline during the
monitoring period. The as-built will consist of "red line" design plans, which will also
include the location of permanent photo points and vegetation plots.

The mitigation project will be monitored biannually for three years. The NCDOT
recommends this "preventive" review in order to identify development of potential
problem areas along the stream reach. As part of the biannual review, the entire stream
reach will be visually monitored for stability and vegetation establishment. The NCDOT
believes the walkthrough will ensure that the entire stream reach is in good condition
and again provide a through preventative review of the stream.
Permanent
photographic reference points along the stream will be established for the biannual
monitoring.
During the biannual review of the stream, the entire stream reach will be evaluated for
any potential problem areas such as stream bank instability, in-stream structure failure
or unsuccessful vegetation establishment. Photographs of the good, stable sections of
the stream, as well as potential problem areas, will be taken to document the stability of
the stream and the severity of the potential problem area(s) encountered.
An annual report documenting the two yearly visits to the stream mitigation will be
prepared. The report will contain photographs and documentation of the stream during
the monitoring period.
If, during the biar~nualreview of the stream reach, a failure is noted, the area will be
evaluated to determine the corrective actions that will be required to resolve the
problem. The NCDOT will measure cross sections in these areas where failure is
occurring. These cross sections will be compared to the as-built. If remediation of an
area is required, a proposal will be submitted for the needed work. Remedial actions
will be undertaken considering any seasonal limitations at the Site.
The NCDOT recorr~mendstaking cross sections under this scenario in order to prevent
unnecessary survey work of areas which are not failing. The NCDOT believes
surveying cross sections and reviewing them in the office will not yield conclusive
results about where sections of the stream may be failing. A field visit would have to
occur in order to resolve whether the stream is actually failing.
Upon completion of monitoring the Site for three successful growing seasons, a final
report will be prepared and presented to the resource agencies prior to a "Final Review"
of the project. If remedial actions to the stream have been required during the
monitoring period, an updated "as-built" will be attached to the report. The stream

mitigation site will be reviewed with the resource agencies for final acceptance of the
stream reach. If the resource agencies require additional work to the stream, then the
work will be performed considering the seasonal limitations of the Site.
6.2
Hydrology Monitoring
While hydrological modifications are being performed on the Site, surficial monitori~ig
wells will be designed and placed in accordance with specifications in the COE's
Installing Monitoring Wells/Piezometers in Wetlands (WRP Tecl~nicalNote HY-I A-3.1,
August 1993). Monitoring wells will be set to a depth immediately above the top of the
clay subsurface layer (range: 24 to 40 inches below the surface).

Five monitoring wells will be placed within the Site to provide representative coverage
within each of the identified mitigation design units (Figure 24). Hydrological sampling
will be performed throughout the growing season at intervals necessary to satisfy the
hydrology success criteria within each design unit (EPA 1990).
Target hydrological characteristics include saturation or inundation for at least 12.5
percent of the growing season at lower landscape positions, during average climatic
conditions.
Upper landscape reaches may exhibit surface saturationlinundation
between 5 percent and 12.5 percent of the growing season based on well data. These
5 - 12.5 percent areas are expected to support hydrophytic vegetation. If wetland
parameters are marginal as indicated by vegetation and hydrology monitoring, a
jurisdictional determination will be performed in the questionable area.
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