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EXECUTIVE SUMMARY 
 
The North Carolina Ecosystem Enhancement Program (NCEEP) proposes to restore approximately 
983 linear feet (LF) of stream, enhance approximately 4,859 LF of stream, and preserve 
approximately 15,802 LF of stream along four separate reaches of the mainstem of Mill Creek, five 
unnamed tributaries to Mill Creek, two unnamed tributaries to the Uwharrie River, and one ditch that 
flows directly into the Uwharrie River that are all located within the project boundaries (Table ES1).  
In total, approximately 21,644 LF of stream will be permanently protected through a conservation 
easement within the Mill Creek project boundaries.   In addition, the project will also create 1.1 acres 
of riverine wetlands from prior constructed livestock watering ponds.   
The landowners of the Mill Creek site have expressed an interest in protecting the property through 
multiple conservation measures.  All practices proposed in this design report are being funded 
completely through NCEEP funds.  However, additional funding has been provided by a Randolph 
County Natural Resource Conservation Service (NRCS) Environmental Quality Incentives Program 
(EQUIP) grant and with support from the North Carolina Wildlife Resources Commission (NCWRC) 
for a native prairiegrass restoration project to occur within formally farmed/grazed portions of the 
property outside of the NCEEP Mill Creek project boundaries.  As a result, ongoing coordination will 
be necessary between NCEEP, Baker Engineering, the NCWRC, and the landowners as portions of 
the property are converted from a prior agricultural/livestock farm to actively managed native 
prairiegrass fields with perpetually protected riparian buffers located along the existing onsite 
waterways.   
The Mill Creek site is located in Randolph County, approximately 11 miles southwest of the City of 
Asheboro, North Carolina.  The site occurs within the eight-digit hydrological unit code (HUC) 
03040103, and within the NC Division of Water Quality (NCDWQ) sub-basin 03-07-09 of the 
Yadkin Valley River Basin (Exhibit 1.1 and 1.2). 
Mill Creek is a moderate-sized, perennial stream with a drainage area of approximately 1.3 square 
miles at its confluence with the Uwharrie River (Exhibit 1.3).  Historically, the downstream portion of 
the site (west of Lassiter Mill Rd – SR 1107) has been used for agriculture and livestock production.  
Livestock have been removed and the area has become fallow open land, areas used for hay 
production, or areas recently planted and undergoing active burning by the North Carolina Wildlife 
Resources Commission (NCWRC) as part of an ecosystem restoration initiative for the entire 
property.  Prior livestock activity has compromised the riparian buffer along many of the project 
reaches.  The upstream portion of the project area (east of Lassiter Mill Rd) is primarily forested.  
Riparian vegetation in this area is comprised mainly of mature deciduous trees.   
In addition to Mill Creek, three unnamed tributaries and one ditch (two tributaries to Mill Creek - 
UT4 and UT5 and one tributary and one ditch to the Uwharrie River - UT 2 and UT1, respectively) 
occur within the enhancement/restoration project area (area located west of Lassiter Mill Rd). These 
tributaries and ditch are small systems with drainage areas of 0.08, 0.06, 0.08, and 0.05 square mile, 
respectively.  These tributaries and ditch (verified during site visit with USACE) originate on the 
project site and terminate at their confluence with either Mill Creek or the Uwharrie River.  These 
reaches drain pastures and wooded areas.  UT2, UT4, and UT5 are considered intermittent in their 
upper reaches and perennial in the lower reaches, while UT1 is considered ephemeral throughout its 
length.   
Stream preservation encompasses eight stream reaches with existing riparian buffers that will be 
protected.  Seven of the eight reaches lie east of Lassiter Mill Road and are directly upstream of the 
lower Mill Creek reach (MC1). The eighth reach (UT9) is located in the southern portions of the site.  
UT9 originates off-site on an adjacent parcel west of Lassiter Mill Rd and drains directly into the 
Uwharrie River downstream of the Mill Creek-Uwharrie River confluence (Exhibit 1.4).  The 
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preservation reaches are currently hydrologically, geomorphically, and geometrically functioning as 
stable reaches. 
Two small, breached ponds located west of Lassiter Mill Road provide an opportunity for wetland 
creation and with it the associated water quality improvements which will result.  Wetland creation 
consists of grading the breached dams, planting a variety of native wetland plants and trees, and 
allowing for overbank flooding of the channel that will flow through the created wetlands. 
 
Mill Creek stream activities are shown in Exhibit 1.4.  The proposed stream restoration, enhancement, 
and preservation areas, as well as the wetland creation areas, will provide numerous ecological 
benefits within the Mill Creek watershed in addition to portions of the Uwharrie River adjacent to and 
immediately downstream of the property boundaries.  While many of the benefits are limited to the 
project area, others, such as pollutant removal and improved aquatic and terrestrial habitat, have more 
far-reaching effects.  Expected improvements to water quality, hydrology, and habitat are outlined 
below as project goals and objectives. 

 
Goals 

• Improve water quality within the UT2 and Mill Creek watersheds by reducing sediment and 
nutrient inputs, increasing dissolved oxygen concentrations, improve stream stability, and 
wetland filtering 

• Improve water quantity within the UT2 and Mill Creek watersheds by improving ground 
water recharge, restoring hydrologic connections, and reconnecting channels with floodplains 

• Improve aquatic and terrestrial habitat within the UT2 and Mill Creek watersheds by 
improving substrate and in-stream cover, reducing water temperature by increasing shading, 
improving terrestrial habitat, and improving overall aesthetics 

• Increase animal and vegetation biodiversity within the site by connecting the riparian buffer 
improvements associated with the NCEEP’s Mill Creek project with an NCWRC native 
piedmont prairiegrass restoration project located outside of the NCEEP’s conservation 
easement boundaries. 

 
Objectives 

• Permanently protect 21,644 LF of stream channel through a conservation easement 

• Restore 938 LF of perennial stream channel 

• Enhance 4,859 LF of perennial and intermittent stream channel 

• Preserve 15,802 LF of perennial channel 

• Create 1.5 acres of wetland 

• Restore UT2 to its original drainage path to the Uwharrie River below the breached dam 

• Create a new channel below UT5’s breached dam that flows along the fall of the valley to 
reduce the toe-of-slope erosion on the left bank 

• Improve floodplain functionality by matching floodplain elevation with bankfull stage or by 
creating a bench to open the floodplain in areas where the channel is incised 

• Establish native stream bank and floodplain vegetation in the permanent conservation 
easement 

• Improve aquatic and riparian habitat by creating deeper pools and areas of re-aeration, 
planting a riparian buffer, and reducing bank erosion. 
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TABLE ES 1. 
Restoration Overview   

Wetland Type / 
Project Feature 

Existing 
Size/Length 

Proposed 
Size/Length Approach 

Wetland 1 along UT2 0.9 AC 0.9 AC Creation – planting native vegetation and enhancing 
hydrology.  

Wetland 2 along UT5  0.2 AC  0.2 AC Creation – planting native vegetation and enhancing 
hydrology. 

Mill Creek (MC1) 2,214 FT 
1,460 FT      

754 FT 

Enhancement I – benching, sloping banks, installing 
structures and planting native vegetation along 1,460’ of 

stream                                           
Enhancement II – planting native vegetation along 754’ of 

stream. 

Stream Reach UT1 1,799 FT 1,799 FT Filling the upper 600’ of the agriculturally dug ditch. 

Stream Reach UT2 1,703 FT 
875 FT      

000          000   
1,012 FT 

Restoration – approx. 875’ of new channel above and 
below breached dam, while restoring original drainage      

Enhancement II – planting buffer along 1012’ of stream. 

Stream Reach UT4 2,350 FT 
541 FT       

000          
1,809 FT 

Enhancement II – planting buffer along approx. 541’ of 
stream                                            

Preservation of buffer along approx. 1,809’ of stream. 

Stream Reach UT5 1,289 FT 

108 FT       
102           

250 FT     
842 FT      

Restoration – approx. 108’ of new channel below 
breached dam                                      

Enhancement I – benching approx. 250’ of stream         
Enhancement II – planting buffer along 842’ of stream. 

Stream Reach UT6 954 FT 954 FT Preservation of buffer along approx. 954’ of stream. 

Stream Reach UT7 2,529 FT 2,529 FT   Preservation of buffer along approx. 2,529’ of stream. 

Stream Reach UT8 2,003 FT 2,003 FT   Preservation of buffer along approx. 2,003’ of stream. 

Stream Reach UT9 5,239 FT 5,239 FT    Preservation of buffer along approx. 5,239’ of stream. 

Stream Reach MC2 998 FT 998 FT Preservation of buffer along approx. 998’ of stream. 

Stream Reach MC3 785 FT 785 FT Preservation of buffer along approx. 785’ of stream. 

Stream Reach MC4 1,485 FT 1,485 FT    Preservation of buffer along approx. 1,485’ of stream. 
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1.0 INTRODUCTION AND BACKGROUND 

1.1 Location and Project Description  
The North Carolina Ecosystem Enhancement Program (NCEEP) proposes to restore approximately 
983 linear feet (LF) of stream, enhance approximately 4,859 LF of stream, preserve approximately 
15,802 LF of stream, and create 1.1 acres of riverine wetlands within the Yadkin Valley River Basin.    
The Mill Creek mitigation site (350 33’ 21” N,  790 58’ 16” W) is located approximately 11 miles 
southwest of the City of Asheboro in Randolph County, North Carolina.  Exhibits 1.1 and 1.2 provide 
an overview of the project site. The site occurs within the eight-digit hydrological unit code (HUC) 
03040103, and within the NC Division of Water Quality (NCDWQ) sub-basin 03-07-09 of the 
Yadkin Valley River Basin (Exhibit 1.1 and 1.2).   
To get to the project site from Asheboro, NC, one must take Route 49 South (towards Charlotte).  
After approximately seven miles make a hard left turn onto Mechanic Road.  Turn right onto Lassiter 
Mill Road.   Travel approximately 7 miles and turn right onto High Pine Church Road.  The entrance 
to the project is on the left, 900’ from the intersection.  There is a yellow steel gate at the entrance. 
Mill Creek is a moderate-sized, perennial stream with a drainage area of approximately 1.3 square 
miles at its confluence with the Uwharrie River (Exhibit 1.3).  Historically, the downstream portion of 
the site (west of Lassiter Mill Rd – SR 1107) has been used for agriculture and livestock production.  
Livestock have been removed and the area has become fallow open land, areas used for hay 
production, or areas recently planted and undergoing active burning by the North Carolina Wildlife 
Resources Commission (NCWRC) as part of an ecosystem restoration initiative for the entire 
property.  Prior livestock activity has compromised the riparian buffer along many of the project 
reaches.  The upstream portion of the project area (east of Lassiter Mill Rd) is primarily forested.  
Riparian vegetation in this area is comprised mainly of mature deciduous trees.   
In addition to Mill Creek, three unnamed tributaries and one ditch (two tributaries to Mill Creek - 
UT4 and UT5 and one tributary and one ditch to the Uwharrie River - UT 2 and UT1, respectively) 
occur within the enhancement/restoration project area (area located west of Lassiter Mill Rd). These 
tributaries and the ditch are relatively small stream systems with drainage areas of 0.08, 0.06, 0.08, 
and 0.05 square mile, respectively.  These tributaries and ditch (verified during site visit with 
USACE) originate on the project site and terminate at their confluence with either Mill Creek or the 
Uwharrie River.  These reaches drain pastures and wooded areas.  UT2, UT4, and UT5 are considered 
intermittent in their upper reaches and perennial in the lower reaches, while UT1 is considered 
ephemeral throughout its length.   
Stream preservation encompasses eight stream reaches with existing riparian buffers that will be 
protected.  Seven of the eight reaches lie east of Lassiter Mill Road and are directly upstream of the 
lower Mill Creek reach (MC1). The eighth reach (UT9) is located in the southern portions of the site.  
UT9 originates off-site on an adjacent parcel west of Lassiter Mill Rd and drains directly into the 
Uwharrie River downstream of the Mill Creek-Uwharrie River confluence (Exhibit 1.4).  The 
preservation reaches are currently hydrologically, geomorphically, and geometrically functioning as 
stable reaches. 
Two small, breached ponds located west of Lassiter Mill Road provide an opportunity for wetland 
creation and with it the associated water quality improvements which will result.  Wetland creation 
consists of grading the breached dams, planting a variety of native wetland plants and trees, and 
allowing for overbank flooding of the channel that will flow through the created wetlands. 
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1.2 Project Goals and Objectives 
Mill Creek mitigation activities are shown in Exhibit 1.4.  The proposed stream restoration, 
enhancement, and preservation areas, as well as the wetland creation areas, will provide numerous 
ecological benefits within the Mill Creek watershed in addition to portions of the Uwharrie River 
adjacent to and immediately downstream of the property boundaries.  While many of the benefits are 
limited to the project area, others, such as pollutant removal and improved aquatic and terrestrial 
habitat, have more far-reaching effects.  Expected improvements to water quality, hydrology, and 
habitat are outlined below as project goals and objectives. 

 
Goals 

• Improve water quality within the UT2 and Mill Creek watersheds by reducing sediment and 
nutrient inputs, increasing dissolved oxygen concentrations, improve stream stability, and 
wetland filtering 

• Improve water quantity within the UT2 and Mill Creek watersheds by improving ground 
water recharge, restoring hydrologic connections, and reconnecting channels with floodplains 

• Improve aquatic and terrestrial habitat within the UT2 and Mill Creek watersheds by 
improving substrate and in-stream cover, reducing water temperature by increasing shading, 
improving terrestrial habitat, and improving overall aesthetics 

• Increase animal and vegetation biodiversity within the site by connecting the riparian buffer 
improvements associated with the NCEEP’s Mill Creek project with an NCWRC native 
piedmont prairiegrass restoration project located outside of the NCEEP’s conservation 
easement boundaries. 

 
Objectives 

• Permanently protect 21,644 LF of stream channel through a conservation easement 

• Restore 938 LF of perennial stream channel 

• Enhance 4,859 LF of perennial and intermittent stream channel 

• Preserve 15,802 LF of channel 

• Create 1.5 acres of wetland 

• Restore UT2 to its original drainage path to the Uwharrie River below the breached dam 

• Create a new channel below UT5’s breached dam that flows along the fall of the valley to 
reduce the toe-of-slope erosion on the left bank 

• Improve floodplain functionality by matching floodplain elevation with bankfull stage or by 
creating a bench to open the floodplain in areas where the channel is incised 

• Establish native stream bank and floodplain vegetation in the permanent conservation 
easement 

• Improve aquatic and riparian habitat by creating deeper pools and areas of re-aeration, 
planting a riparian buffer, and reducing bank erosion 

• Increase species habitation throughout the property and the surrounding land. 
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1.3 Report Overview 
This report has been arranged and formatted to maximize its utility.  Readers unfamiliar with stream 
and wetland restoration science and methodology may wish to review the background material in 
Sections 2 and 3.  Those familiar with Baker Engineering’s design processes and procedures may 
wish to focus on Sections 4, 5, 6, 7, and 8 of the report, which are specific to the project site.  These 
sections cover the site assessment findings, selection and application of design criteria, and site 
design.  Section 9 summarizes post-construction monitoring and evaluation procedures.  References 
are provided in Section 10. 

1.4 Native Piedmont Prairiegrass Restoration Project.   
The Mill Creek stream and wetland restoration project is being coordinated with an ongoing native 
piedmont prairegrass restoration project which is being conducted within portions of the property 
located outside of the NCEEP’s conservation easement boundaries.  The prairegrass conversion is 
being funded by a Randolph County Natural Resource Conservation Service (NRCS) Environmental 
Quality Incentives Program (EQUIP) grant with additional support being provided by the North 
Carolina Wildlife Resources Commission (NCWRC). 
The prairiegrass restoration project within the Grissom property is a relatively large scale grassland 
initiative which will convert approximately 100 acres of degraded fescue pasture previously used for 
agricultural and livestock purposes into a naturally functioning piedmont prairegrass field planted 
with native and locally grown grasses and wildflowers while removing introduced and exotic species 
such as Chinese privet (Ligustrum sinense), kudzu (Pueraria montana), and Japanese honeysuckle 
(Lonicera japonica) which commonly occur throughout the property.  Naturally occurring piedmont 
prairies have been rapidly diminishing across central North Carolina due to continued development 
and expansion into these native prairiegrass habitats.  
While traditional stream and riparian buffer restoration projects typically only protect a targeted 
waterway(s), the restoration of stream, riparian buffer, and prairiegrass habitats within this project 
should provide an excellent opportunity to gain valuable experience in establishing and maintaining 
distinctly different yet adjacent vegetative communities while providing vegetative connectivity and 
increased ecological stability.  Improving habitat quality within the riparian buffers should benefit 
existing wildlife while restoring the prairiegrass habitat should offer opportunities for the re-
introduction of early successional wildlife species found and occurring in prairegrass fields such as 
indigo bunting (Passerina cyanea), grasshopper sparrow (Ammodramus savannarum), eastern 
meadowlark (Sturnella magna), loggerhead shrike (Lanius ludovicianus), and bobwhite quail 
(Colinus virginianus). 
Continued coordination between NCEEP, Baker Engineering, the NCWRC, and the landowners will 
be necessary prior to construction and during construction to avoid confusion and delays that may 
occur during the implementation of both projects.  Long term management of the prairiegrass fields, 
requires a fire management plan be developed to determine subsequent burnings and additional 
maintenance issues.  Vegetation within the NCEEP conservation easement boundaries is not subject 
to burning so long term agreements regarding frequency of burns, fire lanes, etc. will be necessary 
between the NCWRC and the NCEEP to insure the success of both projects.  The concurrent 
development of a stream/riparian buffer restoration project with a native piedmont prairiegrass 
restoration project provides an excellent opportunity to explore an ecosystem restoration initiative not 
usually seen with stream or wetland restoration projects. 
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2.0 STREAM RESTORATION BACKGROUND SCIENCE AND 
METHODS 

2.1 Application of Fluvial Processes to Stream Restoration 
A stream and its floodplain comprise a dynamic environment where the floodplain, channel, and 
bedform evolve through natural processes.  Weather and hydraulic processes erode, transport, sort, 
and deposit alluvial materials throughout the riparian system.  The size and flow of a stream are 
directly related to its watershed area.  Other factors that affect channel size and stream flow are 
geology, land use, soil types, topography, and climate.  The morphology, or size and shape, of the 
channel reflect all of these factors (Leopold et al., 1992; Knighton, 1998).  The result is a dynamic 
equilibrium where the stream maintains its dimension, pattern, and profile over time, and neither 
degrades nor aggrades.  Land use changes in the watershed, including increases in imperviousness 
and removal of riparian vegetation, can upset this balance.  A new equilibrium may eventually result, 
but not before large adjustments in channel form can occur, such as extreme bank erosion or incision 
(Lane, 1955; Schumm, 1960).  By understanding and applying natural stream processes to stream 
restoration projects, a self-sustaining stream can be designed and constructed that maximizes stream 
and biological potential (Leopold et al., 1992; Leopold, 1994; Rosgen, 1996). 
In addition to transporting water and sediment, natural streams provide the habitat for many aquatic 
organisms including fish, amphibians, insects, mollusks, and plants.  Trees and shrubs along the 
banks provide a food source and regulate water temperatures.  Channel features such as pools, riffles, 
steps, and undercut banks provide diversity of habitat, oxygenation, and cover (Dunne and Leopold, 
1978).  Stream restoration projects can repair these features in concert with the return of a stable 
dimension, pattern, and profile.  The following sections provide an overview of the primary channel 
forming process and typical stream morphology.   

2.1.1 Channel Forming Discharge 
The channel forming discharge, also referred to as bankfull discharge, effective discharge, or 
dominant discharge, creates a natural and predictable channel size and shape (Leopold et al., 
1992; Leopold, 1994).  Channel forming discharge theory states that there is a unique flow that 
over a long period of time would yield the same channel morphology that is shaped by the 
natural sequence of flows.  At this discharge, equilibrium is most closely approached and the 
tendency to change is minimized (Inglis, 1947).  Uses of the channel forming discharge include 
channel stability assessment, river management using hydraulic geometry relationships, and 
natural channel design (Soar and Thorne, 2001). 

Proper determination of bankfull stage in the field is vital to stream classification and the 
natural channel design process.  The bankfull discharge is the point at which flooding occurs on 
the floodplain (Leopold, 1994).  This flood stage may or may not be the top of the stream bank.  
On average, bankfull discharge occurs every 1.5 years (Leopold, 1994; Harman et al., 1999; 
McCandless, 2003).  If the stream has incised due to changes in the watershed or streamside 
vegetation, the bankfull stage may be a small depositional bench or scour line on the stream 
bank (Harman et al., 1999).  In this case, the top of the bank, which was formerly the 
floodplain, is called a terrace.  A stream with terraces at the top of its banks is considered to be 
incised. 
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2.1.2 Bedform Diversity and Channel Substrate 
The profile of a stream bed and its bed materials are largely dependent on valley slope and 
geology.  In simple terms, steep, straight streams are found in steep, colluvial valleys, while 
flat, meandering streams are found in flat, alluvial valleys.  Colluvial valleys have slopes 
between two percent and four percent, while alluvial channels have slopes less than two 
percent.  A colluvial valley forms through hillslope processes.  Sediment supply in colluvial 
valleys is controlled by hillslope erosion and mass wasting, i.e., the sediments in the stream bed 
originated from the hillslopes.  Sediments reaching the channel in a colluvial valley are 
typically poorly sorted mixtures of fine and coarse grained materials ranging in size from sand 
to boulders.  In contrast, an alluvial valley forms through stream and floodplain processes.  
Sediments in alluvial valleys include some coarse gravel and cobble transported from steeper 
upland areas, but are predominantly fine-grained particles such as gravel and sand.  Grain size 
generally decreases with valley slope (Leopold et al., 1992). 

2.1.2.1  Step/Pool Streams 
A step/pool bed profile is characteristic of steep streams formed within colluvial valleys.  
Steep mountain streams demonstrate step/pool morphology as a result of episodic 
sediment transport mechanisms.  Because of the high energy associated with the steep 
channel slope, the substrate in step/pool streams contains significantly larger particles 
than streams in flatter, alluvial valleys.  Steps form from accumulations of boulders and 
cobbles that span the channel, resulting in a backwater pool upstream and plunge pool 
downstream.  Smaller particles collect in the interstices of steps creating stable, 
interlocking structures (Knighton, 1998).    
In contrast to meandering streams that dissipate energy through meander bends, step/pool 
streams dissipate energy through drops and turbulence.  Step/pool streams have relatively 
low sinuosity.  Pattern variations are commonly the result of debris jams, topographic 
features, and bedrock outcrops. 

2.1.2.2  Gravel Bed Streams 
Meandering gravel bed streams in alluvial valleys have sequences of riffles and pools that 
maintain channel slope and bed stability.  The riffle is a bed feature composed of gravel 
or larger size particles.  During low flow periods, the water depth at a riffle is relatively 
shallow and the slope is steeper than the average slope of the channel.  At low flows, 
water moves faster over riffles, and the resulting turbulence provide oxygen to the 
stream.  Riffles control the stream bed elevation and are usually found entering and 
exiting meander bends.  The inside of the meander bend is a depositional feature called a 
point bar, which also helps maintain channel form (Knighton, 1988).  Pools are typically 
located on the outside bends of meanders between riffles.  Pools have a flat slope and are 
much deeper than the average depth of the channel.  At low flows, pools are depositional 
features and riffles are scour features.   
At high flows, the water surface becomes more uniform: the water surface slope at the 
riffles decreases and the water surface slope at the pools increases.  The increase in pool 
slope coupled with the greater water depth at the pools causes an increase in shear stress 
at the bed elevation.  The opposite is true at riffles.  With a relative increase in shear 
stress, pools scour.  The relative decrease in shear stress at riffles causes bed material 
deposits at these features during the falling limb of the hydrograph.   
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2.1.2.3  Sand Bed Streams 
While gravel bed streams have riffle/pool sequences, with riffles composed of gravel-size 
particles, sand bed channels are characterized by median bed material sizes less than two 
millimeters in diameter (Bunte and Abt, 2001).  Bed material features called ripples, 
dunes, planebeds, and antidunes characterize the sand bedform.  Although sand bed 
streams technically do not have riffles, the term is often used to describe the crossover 
reach between pools.  We use “riffle” in this report as equivalent to the crossover section.   
The size, stage, and variation of sand bedforms are formed by changes in unit stream 
power as described below.  These bedforms are symptomatic of local variations in the 
sediment transport rate and cause minor to major variations in aggradation and 
degradation (Gomez, 1991).  Sand bedforms can be divided between low flow regimes 
and high flow regimes with a transitional zone between the two.  Ripples occur at low 
flows where the unit stream power is just high enough to entrain sand size particles.  This 
entrainment creates small wavelets from random sediment accumulations that are 
triangular in profile with gentle upstream and steep downstream slopes.  The ripple 
dimensions are independent of flow depth and heights are less than 0.02 meters. 
As unit stream power increases, dunes eventually replace ripples.  Dunes are the most 
common type of sand bedform and have a larger height and wavelength than ripples.  
Unlike ripples, dune height and wavelength are proportional to flow depth.  The 
movement of dunes is the major cause of variability in bed-load transport rates in sand 
bed streams.  Dunes are eventually washed out to leave an upper-flow plane bed 
characterized by intense bedload transport.  This plane bed prevents the patterns of 
erosion and deposition required for dune development.  This stage of bedform 
development is called the transitional flow regime between the low flow features and the 
high flow regime features (Knighton, 1998). 
As flow continues to increase, standing waves develop at the water surface and the bed 
develops a train of sediment waves (antidunes), which mirror the surface forms.  
Antidunes migrate upstream by way of scour on the downstream face and deposition on 
the upstream face, a process that is opposite of ripples and dunes.  Antidunes can also 
move downstream or remain stationary for short periods (Knighton, 1998).   

2.1.3 Stream Classification 
The Rosgen stream classification system categorizes essentially all types of channels based on 
measured morphological features (Rosgen, 1994, 1996).  The system presents several stream 
types based on a hierarchical system.  The classification system is illustrated on Exhibit 2.1.  
The first level of classification distinguishes between single and multiple thread channels.  
Streams are then separated based on degrees of entrenchment, width/depth ratio, and sinuosity.  
Slope range and channel materials are also evaluated to subdivide the streams.  Stream types 
are further described according to average riparian vegetation, organic debris, blockages, flow 
regimes, stream size, depositional features, and meander pattern. 

Bankfull stage is the basis for measuring the width/depth and entrenchment ratios, two of the 
most important delineative criteria.  Therefore, it is critical to correctly identify bankfull stage 
when classifying streams and designing stream restoration measures.  A detailed discussion of 
bankfull stage was provided in Section 2.1.1. 
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2.1.4 Stream Stability 
A naturally stable stream must be able to transport the sediment load supplied by its watershed 
while maintaining dimension, pattern, and profile over time so that it does not degrade or 
aggrade (Rosgen, 1994).  Stable streams migrate across alluvial landscapes slowly over long 
periods of time while maintaining their form and function.  Instability occurs when scouring 
causes the channel to incise (degrade) or excessive deposition causes the channel bed to rise 
(aggrade).  A generalized relationship of stream stability proposed by Lane (1955) is shown as 
a schematic drawing in Exhibit 2.2.  The drawing shows that the product of sediment load and 
sediment size is proportional to the product of stream slope and discharge or stream power.  A 
change in any one of these variables causes a rapid physical adjustment in the stream channel. 

2.1.5 Channel Evolution 
A common sequence of physical adjustments has been observed in many streams following 
disturbance.  This adjustment process is often referred to as channel evolution.  Disturbance can 
result from channelization, increase in runoff due to build-out in the watershed, removal of 
streamside vegetation, and other changes that negatively affect stream stability.  All of these 
disturbances occur in both urban and rural environments.  Several models have been used to 
describe this process of physical adjustment for a stream.  The Simon (1989) channel evolution 
model characterizes evolution in six steps, including:  

I. sinuous, pre-modified  
II. channelized  
III. degradation  
IV. degradation and widening  
V. aggradation and widening  
VI. quasi-equilibrium. 

Exhibit 2.3 illustrates the six steps of the Simon channel evolution model. 

The channel evolution process is initiated once a stable, well-vegetated stream that interacts 
frequently with its floodplain is disturbed.  Disturbance commonly results in an increase in 
stream power that causes degradation, often referred to as channel incision (Lane, 1955).  
According to research summarized by the Federal Interagency Stream Restoration Working 
Group (FISRWG), incision eventually leads to over-steepening of the banks and, when critical 
bank heights are exceeded, the banks begin to fail and mass wasting of soil and rock leads to 
channel widening.  Incision and widening continue moving upstream in the form of a head-cut.  
Eventually the mass wasting slows and the stream begins to aggrade.  A new low-flow channel 
begins to form in the sediment deposits.  By the end of the evolutionary process, a stable stream 
with dimension, pattern, and profile similar to those of undisturbed channels forms in the 
deposited alluvium.  The new channel is at a lower elevation than its original form with a new 
floodplain constructed of alluvial material (FISRWG, 1998). 

2.1.6 Priority Levels of Restoring Incised Rivers 
Though incised streams can occur naturally in certain landforms, they are often the product of 
disturbance.  High, steep stream banks, poor or absent in-stream or riparian habitat, increased 
erosion and sedimentation, and low sinuosity are all characteristics of incised streams.  
Complete restoration of the stream, where the incised channel’s grade is raised so that an 
abandoned floodplain terrace is reclaimed, is ideally the overriding project objective.  There 
may be scenarios, however, where such an objective is impractical due to encroachment into 
the abandoned floodplain terrace by homes, roadways, utilities, etc.  A priority system for the 
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restoration of incised streams, developed and used by Rosgen (1997), considers a range of 
options to provide the best level of stream restoration possible for the given setting.  Exhibit 2.4 
illustrates various restoration/stabilization options for incised channels within the framework of 
the Rosgen’s priority system.  Generally: 

Priority 1 – Re-establishes the channel on a previous floodplain (i.e., raises channel elevation); 
meanders a new channel to achieve the dimension, pattern, and profile characteristic of a stable 
stream for the particular valley type; and fills or isolates existing incised channel.  This option 
requires that the upstream start point of the project not be incised. 

Priority 2 – Establishes a new floodplain at the existing bankfull elevation (i.e., excavates a 
new floodplain); meanders channel to achieve the dimension, pattern, and profile characteristic 
of a stable stream for the particular valley type; and fills or isolates existing incised. 

Priority 3 – Converts a straight channel to a different stream type while leaving the existing 
channel in place by excavating bankfull benches at the existing bankfull elevation.  Effectively, 
the valley for the stream is made more bowl-shaped.  This approach uses in-stream structures to 
dissipate energy through a step/pool channel type. 

Priority 4 – Stabilizes the channel in place using in-stream structures and bioengineering to 
decrease stream bed and stream bank erosion.  This approach is typically used in highly 
constrained environments. 

2.2 Natural Channel Design Overview 
Restoration design of degraded stream reaches first involves accurately diagnosing their current 
condition.  Understanding valley type, stream type, channel stability, bedform diversity, and potential 
for restoration is essential to developing adequate restoration measures (Rosgen, 1996).  This 
combination of assessment and design is often referred to as natural channel design. 
The first step in a stream restoration design is to assess the reach, its valley, and its watershed to 
understand the relationship between the stream and its drainage basin and to evaluate the causes of 
stream impairment.  Bankfull discharge is estimated for the watershed.  After sources of stream 
impairment are identified and channel geometry is assessed, a plan for restoration can be formulated. 
Design commences at the completion of the assessment stage.  A series of iterative calculations are 
performed using data from reference reaches, pertinent literature, and evaluation of past projects to 
develop an appropriate stable cross-section, profile, and plan form dimensions for the design reach.  
A thorough discussion of design parameter selection is provided in Section 2.5.  The alignment 
should avoid an entirely symmetrical layout to mimic natural variability, create a diversity of aquatic 
habitats, and improve aesthetics.   
Once a dimension, pattern, and profile have been developed for the project reach, the design is tested 
to ensure that the new channel will not aggrade or degrade.  A discussion of sediment transport 
methodology is provided in Section 2.6. 
After the sediment transport assessment, additional structural elements are then added to the design to 
provide grade control, protect stream banks, and enhance habitat.  Section 2.7 describes these in-
stream structures in detail. 
Once the design is finalized, detailed drawings are prepared showing dimension, pattern, profile, and 
location of additional structures.  These drawings are used in the construction of the project. 
Following the implementation of the design, a monitoring plan is established to: 

• Ensure that stabilization structures are functioning properly 
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• Monitor channel response in dimension, pattern and profile, channel stability 
(aggradation/degradation) particle size distribution of channel materials, and sediment 
transport and stream bank erosion rates 

• Determine biological response (food chains, standing crop, species diversity, etc.) 

• Determine the extent to which the restoration objectives have been met. 

2.3 Geomorphic Characterization Methodology 
Geomorphic characterization of stream features includes the bankfull identification, bed material 
characterization and analysis, and stream classification.   

2.3.1 Bankfull Identification 
Correct identification of bankfull is important to the determination of geomorphic criteria such 
as stream type, bank height ratios, width to depth ratios, and entrenchment ratios.  Baker 
Engineering’s field techniques for bankfull identification are as follows: 

• Identify the most consistent bankfull indicators along the reach that were obviously 
formed by the stream, such as a point bar or lateral bar.  Bankfull is usually the back of 
this feature, unless sediment supply is high.  In that case, the bar may flatten and bankfull 
will be the front of the feature at the break in slope.  The indicator is rarely the top of the 
bank or lowest scour mark.   

• Measure the difference in height between the water surface and the bankfull indicator.  
For example, the indicator may be 2.2 feet above water surface.  Bankfull stage 
corresponds to a flow depth.  It should not vary by more than a few tenths of a foot 
throughout the reach, unless a tributary enters the reach and increases the size of the 
watershed. 

• Go to a stable riffle.  If a bankfull indicator is not present at this riffle, use the height 
measured in the previous step to establish the indicator.  For example, measure 2.2 feet 
above water surface and place a flag in both the right and left bank.   

• Measure the distance from the left bank to the right bank between the indicators.  
Calculate the cross-sectional area. 

• Obtain the appropriate regional curve (e.g., rural Piedmont, urban Piedmont, Mountain, 
or Coastal Plain) and determine the cross-sectional area associated with the drainage area 
of the reach. 

• Compare the measured cross-sectional area to the regional curve cross-sectional.  If the 
measured cross-sectional area is not a close fit, look for other bankfull indicators and test 
them.  If there are no other indicators, look for reasons to explain the difference between 
the two cross-sectional areas.  For example, if the cross-sectional area of the stable riffle 
is lower than the regional curve area, look for upstream impoundments, wetlands, or a 
mature forested watershed.  If the cross-sectional area is higher than the regional curve 
area, look for stormwater drains, parking lots, or signs of channelization. 

It is important to perform the bankfull verification at a stable riffle using indicators from 
depositional features.  The cross-sectional area will change with decreasing stability.  In some 
streams, bankfull indicators will not be present due to incision or maintenance.  In such cases, it 
is important to verify bankfull through other means such as a gauge station survey or reference 
bankfull information that is specific to the geographic location.  The gauge information can be 
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used, along with regional curve information, to estimate bankfull elevation in a project reach 
that lacks bankfull indicators. 

2.3.2 Bed Material Characterization  
Baker Engineering typically performs bed material characterization using a modified Wolman 
procedure (Wolman, 1956; Rosgen, 1996).  A 100-count pebble count is performed in transects 
across the streambed, with the number of riffle and pool transects being proportional to the 
percentage of riffles and pools within the longitudinal distance of a given stream type.  As 
stream type changes, a separate pebble count is performed.  The median particle size of the 
modified Wolman procedure is known as the d50.  The d50 describes the bed material 
classification for that reach.  The bed material classification is shown on Exhibit 2.1 and ranges 
from a classification of 1 for a channel d50 of bedrock to a classification of 6 for a channel d50 in 
the silt/clay particle size range.   

The modified Wolman pebble count is not appropriate for sand bed streams.  When working in 
sandbed systems, a bulk sampling procedure is used to characterize the bed material.  Cores  
(2” - 3” deep) are sampled from the bed along the entire reach.  These cores are taken back to a 
lab and dry sieved to obtain a sediment size distribution.  This information is used to classify 
the stream and to complete the sediment transport analysis. 

2.3.3 Stream Classification 
Cross-sections are surveyed along stable riffles for the purpose of stream classification.  Values 
for entrenchment ratio and width/depth ratio, along with sinuosity and slope, are used to 
classify the stream.  The entrenchment ratio (ER) is calculated by dividing the flood-prone 
width (width measured at twice the maximum bankfull depth) by the bankfull width.  The 
width/depth ratio (w/d ratio) is calculated by dividing bankfull width by mean bankfull depth).  
Exhibit 2.5 shows examples of the channel dimension measurements used in the Rosgen stream 
classification system.   

Finally, the numbers associated with each bed material classification used are used to further 
classify the stream type.  For example, a Rosgen E3 stream type is a narrow and deep cobble-
dominated channel with access to a floodplain that is greater than two times its bankfull width.   

2.4 Channel Stability Assessment Methodology 
Baker Engineering uses a modified version of stream channel stability assessment methodology 
developed by Rosgen (2001).  The Rosgen method is a field assessment of the following stream 
channel characteristics: 

• Stream Channel Condition 
• Vertical Stability 
• Lateral Stability 
• Channel Pattern 
• River Profile and Bed Features 
• Channel Dimension Relations 
• Channel Evolution. 

This field exercise is followed by the evaluation of various channel dimension relationships.  The 
evaluation of the above characteristics leads to a determination of a channel’s current state, potential 
for restoration, and appropriate restoration activities.  A description of each category is provided in 
the following sections. 
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2.4.1 Stream Channel Condition Observations 
Stream channel conditions are observed during initial field inspection (stream walk).  Baker 
Engineering notes the following characteristics: 

• Riparian vegetation – concentration, composition, and rooting depth and density 

• Sediment depositional patterns – such as mid-channel bars and other depositional features 
that indicate aggradation and can lead to negative geomorphic channel adjustments 

• Debris occurrence – presence or absence of woody debris 

• Meander patterns – general observations with regard to the type of adjustments a stream 
will make to reach equilibrium 

• Altered states due to direct disturbance – such as channelization, berm construction, and 
floodplain alterations. 

These qualitative observations are useful in the assessment of channel stability.  They provide a 
consistent method of documenting stream conditions that allows comparison across different 
sets of conditions.  The observations also help explain the quantitative measurements described 
below. 

2.4.2 Vertical Stability – Degradation/Aggradation 
The bank height and entrenchment ratios are measured in the field to assess vertical stability.  
The bank height ratio is measured as the ratio of the lowest bank height divided by a maximum 
bankfull depth.  Table 2.1 shows the relationship between bank height ratio (BHR) and vertical 
stability developed by Rosgen (2001). 

Table 2.1 
Conversion of Bank Height Ratio (Degree of Incision) to Adjective Rankings of Stability (Rosgen, 2001) 

Adjective Stability Rating Bank Height Ratio 

Stable (low risk of degradation) 1.0 – 1.05 
Moderately unstable 1.06 – 1.3 
Unstable (high risk of degradation) 1.3 – 1.5 
Highly unstable > 1.5 

The entrenchment ratio is measured as the width of the floodplain at twice the maximum 
bankfull depth.  If the entrenchment ratio is less than 1.4 (+/- 0.2), the stream is considered 
entrenched (Rosgen, 1996). 

2.4.3 Lateral Stability  
The degree of lateral containment (confinement) and potential lateral erosion are assessed in the 
field by measuring the meander width ratio (MWR) and the Bank Erosion Hazard Index 
(BEHI) (Rosgen, 2001).  The MWR is the meander belt width divided by the bankfull channel 
width, and provides insight into lateral channel adjustment processes depending on stream type 
and degree of confinement.  For example, a MWR of 3.0 often corresponds with a sinuosity of 
1.2, which is the minimum value for a stream to be classified as meandering.  If the MWR is 
less than 3.0, lateral adjustment is probable.  BEHI ratings along with near bank shear stress 
estimates can be compared to data from monitored sites and used to estimate the annual lateral 
stream bank erosion rate. 
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2.4.4 Channel Pattern 
Channel pattern is assessed in the field by measuring the stream’s plan features including radius 
of curvature, meander wavelength, meander belt width, stream length, and valley length.  
Results are used to compute the meander width ratio (described above), ratio of radius of 
curvature to bankfull width, sinuosity, and meander wavelength ratio (meander wavelength 
divided by bankfull width).  These dimensionless ratios are compared to reference reach data 
for the same valley and stream type to assess whether channel pattern has been impacted. 

2.4.5 River Profile and Bed Features 
A longitudinal profile is created by measuring and plotting elevations of the channel bed, water 
surface, bankfull, and low bank height.  Profile points are surveyed at prescribed intervals and 
at significant breaks in slope such as the head of a riffle or the head of a pool.  This profile can 
be used to assess changes in river slope compared to valley slope, which affect sediment 
transport, stream competence, and the balance of energy.  For example, the removal of large 
woody debris may increase the step/pool spacing and result in excess energy and subsequent 
channel degradation.  Facet (e.g., riffle, run, pool) slopes of each individual feature are 
important for stability assessment and design.   

2.4.6 Channel Dimension Relations 
The bankfull width/depth ratio provides an indication of departure from reference reach 
conditions and relates to channel instability.  A greater width/depth ratio compared to reference 
conditions may indicate accelerated stream bank erosion, excessive sediment deposition, stream 
flow changes, and alteration of channel shape (e.g., from channelization).  A smaller 
width/depth ratio compared to reference conditions may indicate channel incision and 
downcutting.  Both increases and decreases in width/depth ratio can indicate evolutionary shifts 
in stream type (i.e., transition of one stream type to another).  Table 2.2 shows the relationship 
between the degree of width/depth ratio increase and channel stability developed by Rosgen 
(2001). 

Table 2.2 
Conversion of Width/Depth Ratios to Adjective Ranking of Stability (Rosgen, 2001a) 

Stability Rating Ratio of Project to Reference Width/Depth 

Very stable 1.0 

Stable 1.0 – 1.2 

Moderately unstable 1.21 – 1.4 

Unstable > 1.4 

While an increase in width/depth ratio is associated with channel widening, a decrease in 
width/depth ratio is associated with channel incision.  For incised channels, the ratio of channel 
width/depth ratio to reference reach width/depth ratio will be less than 1.0.  The reduction in 
width/depth ratio indicates excess shear stress and movement of the channel toward an unstable 
condition. 



BAKER ENGINEERING 2-13 
MILL CREEK RESTORATION PLAN 

2.4.7 Channel Evolution  
Simon’s channel evolution model (introduced in Section 2.1.5) relies on a qualitative, visual 
assessment of the existing stream channel characteristics (bank height, evidence of 
degradation/aggradation, presence of bank slumping, direction of bed and bank movement, 
etc.).  Establishing the evolutionary stage of the channel helps ascertain whether the system is 
moving towards greater stability or instability.  The model also provides a better understanding 
of the cause and effect of channel change.  This information, combined with Rosgen’s (1994) 
priority levels of restoration aids in determining the restoration potential of unstable reaches. 

2.5 Design Parameter Selection Methodology 
Baker Engineering uses a combination of approaches to develop design criteria for channel 
dimension, pattern, and profile.  These approaches are described in the following sections.  A flow 
chart for selecting design criteria is shown in Exhibit 2.6.   

2.5.1 Upstream Reference Reaches 
The best option for developing design criteria is to locate a reference reach upstream of the 
project site.  A reference reach is a channel segment that is stable—neither aggrading nor 
degrading— and is of the same morphological type as the channel under consideration for 
restoration.  The reference reach should also have a similar valley slope as the project reach.  
The reference reach is then used as the blueprint for the channel design (Rosgen, 1998).  To 
account for differences in drainage area and discharge between a reference site and a project 
site, data on channel characteristics (dimension, pattern, and profile), in the form of 
dimensionless ratios, are developed for the reference reach.  If the reach upstream of the project 
does not have sufficient pattern, but does have a stable riffle cross-section, only dimension 
ratios are calculated.  It is ideal to measure a reference bankfull dimension that was formed 
under the same environmental influences as the project reach. 

2.5.2 Reference Reach Searches 
If a reference reach cannot be located upstream of the project reach, a review of a reference 
reach database is performed.  A database search is conducted to locate known reference reaches 
in close proximity to the project site.  The search includes streams with the same valley as the 
project reach and stream type as the design.  If references are found meeting these criteria, the 
reference reach is field-surveyed for validation and comparison with the database values which 
may have been originally collected and provided by a third party.  If a search of the database 
reveals no references which meet the appropriate criteria, a field search is performed locally to 
identify a reference reach which has not yet been surveyed.   

Potential reference reaches are identified by first evaluating U.S. Geological Survey (USGS) 
topographic quadrangles and aerial photography for an area.  In general, the search is limited to 
subwatersheds within or adjacent to the project watershed.  In certain cases, a reference reach 
may be identified farther away that matches the same valley and stream type as the proposed 
design of the project site.  In such a case, care is taken to ensure that the potential reference 
reach lies within the same physiographic region as the project reach.  Potential reference sites 
identified on maps are then field-evaluated to determine if they are stable systems of the 
appropriate stream and valley type.  If appropriate, reference reach surveys are conducted.  
When potential sites are located on private property, landowner permission is acquired prior to 
any survey work being conducted. 
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2.5.3 Reference Reach Databases 
If a reference reach is not found in close proximity to the project site, a reference reach 
database is consulted and summary ratios are acquired for all streams with the same valley and 
stream type within the project’s physiographic region.  These ratios are then compared to 
literature values and regime equations along with ratios developed through the evaluation of 
successful projects. 

2.5.4 Regime Equations 
Baker Engineering uses a variety of published journals, books, and design manuals to cross-
reference North Carolina database values with peer-reviewed regime equations.  Examples 
include Fluvial Forms and Processes by David Knighton (1998), Mountain Rivers by Ellen 
Wohl (2000), and the Hydraulic Design of Stream Restoration Projects (Copeland et al., 2001) 
by the US Army Corps of Engineers (USACE).  The most common regime equations used in 
our designs are for pattern.  For example, most reference reach surveys in the eastern United 
States show radius of curvature divided by bankfull width ratios much less than 1.5.  However, 
the USACE manual recommends a ratio greater than 2.0 to maintain stability in free-forming 
systems.  Since most stream restoration projects are constructed on floodplains denude of 
woody vegetation, we often use the USACE-recommended value rather than reference reach 
data.  Meander wavelength and pool-to-pool spacing ratios are examples of other parameters 
that are sometimes designed with higher ratios than those observed on reference reaches, for 
similar reasons as described for radius of curvature.   

2.5.5 Comparison to Past Projects 
All of the above techniques for developing ratios and/or regime equations are compared to past 
projects built with similar conditions.  Ultimately, these sites provide the best pattern and 
profile ratios because they reflect post-construction site conditions.  While most reference 
reaches are in mature forests, restoration sites are in floodplains with little or no mature woody 
vegetation.  This lack of mature woody vegetation severely alters floodplain processes and 
stream bank conditions.  If past ratios did not provide adequate stability or bedform diversity, 
they are not used.  Conversely, if past project ratios created stable channels with optimal 
bedform diversity; they will be incorporated into the design.   

Ultimately, the design criteria are selections of ratios and equations made upon a thorough 
evaluation of the above tasks.  Combinations of approaches may be used to optimize the design.  
The final selection of design criteria for the restoration site is discussed in Section 7.0. 

2.6 Sediment Transport Competency and Capacity Methodology 
Stream restoration designs must be tested to ensure that the new channel dimensions (in particular, 
the design bankfull mean depth) create a stream that has the ability to move its sediment load without 
aggrading or degrading over long periods of time.  The ability of the stream to transport its total 
sediment load is quantified through two measures: sediment transport competency and sediment 
transport capacity.  Competency is a stream’s ability to move particles of a given size and is a 
measurement of force, often expressed as units of pounds per square foot (lbs/ft2).  Sediment transport 
capacity is a stream’s ability to move a quantity of sediment and is a measurement of stream power, 
often expressed as units of watts/square meter.  Sediment transport capacity is also calculated as a 
sediment transport rating curve, which provides an estimate of the quantity of total sediment load 
transported through a cross-section per unit time.  The curve is provided as a sediment transport rate 
in pounds per second (lbs/sec) versus discharge or stream power. 
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The total volume of sediment transported through a cross-section consists of bedload plus suspended 
load fractions.  Suspended load is normally composed of fine sand, silt, and clay particles transported 
in the water column.  Bedload is generally composed of larger particles, such as course sand, gravels, 
and cobbles, which are transported by rolling, sliding, or hopping (saltating) along the bed. 

2.6.1 Competency Analysis 
Median substrate size has an important influence on the mobility of particles in stream beds.  
Critical dimensionless shear stress (τ*ci) is the measure of force required to initiate general 
movement of particles in a bed of a given composition.  At shear stresses exceeding this 
critical value, essentially all grain sizes are transported at rates in proportion to their presence 
in the bed (Wohl, 2000).  τ*ci can be calculated for gravel-bed stream reaches using surface 
and subsurface particle samples from a stable, representative riffle in the reach (Andrews, 
1983).  Critical dimensionless shear stress is calculated as follows (Rosgen, 2001): 

 

1. Using the following equations, determine the critical dimensionless shear stress required to 
mobilize and transport the largest particle from the bar sample (or subpavement sample). 

a)  Calculate the ratio d50/d^50 

Where: d50 = median diameter of the riffle bed (from 100 count in the riffle or pavement 
sample) 
 

 d^50 = median diameter of the bar sample (or subpavement) 
 

If the ratio d50/d^50 is between the values of 3.0 and 7.0, then calculate the critical 
dimensionless shear stress using Equation 1. 

τ *ci = 0.0834 (d50/d^50)–0.872 
 

(Equation 1) 

b) If the ratio d50/D^50 is not between the values of 3.0 and 7.0, then calculate the ratio of         
di/d50.   

Where: di = Largest particle from the bar sample (or subpavement) 
 

 d50 = median diameter of the riffle bed (from 100 count in the riffle or the 
pavement sample) 
 

If the ratio di/d50 is between the values of 1.3 and 3.0, then calculate the critical 
dimensionless shear stress using Equation 2. 

τ *ci = 0.0384 (di/d50)–0.887 
 

(Equation 2) 

2.6.2 Aggradational Analysis 

The aggradation analysis is based on calculations of the required depth and slope needed to 
transport large sediment particles, in this case defined as the largest particle of the riffle 
subpavement sample.  Required depth can be compared with the existing/design mean riffle 
depth and required slope can be compared to the existing/design slope to verify that the 
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stream has sufficient competency to move large particles and thus prevent thalweg 
aggradation.  The required depth and slope are calculated by: 

dr = 1.65τ*
cidi    (Equation 3) 

                 Se 
 
sr = 1.65τ*

cidi    (Equation 4) 
     de 

 

Where:  dr (ft) = Required bankfull mean depth  
  de (ft)= Design bankfull mean depth  
  1.65 = Sediment density (submerged specific weight) 
         = density of sediment (2.65) – density of water (1.0) 
  τ *ci = Critical dimensionless shear stress 
  di (ft) = Largest particle from bar sample (or subpavement) 
   sr (ft/ft) = Required bankfull water surface slope 
   se (ft/ft) = Design bankfull water surface slope 

The aggradation analysis is used to assess both existing and design conditions.  For example, 
if the calculated value for the existing critical depth is significantly larger than the measured 
maximum bankfull depth, this indicates that the stream is aggrading.  Alternately, if the 
proposed design depth significantly differs from the calculated critical depth and the analysis 
is deemed appropriate for the site conditions, the design dimensions should be revised 
accordingly. 

2.6.3 Competency Analysis using a Modified Shield’s Curve 

As a complement to the required depth and slope calculations, boundary shear stresses for a 
design riffle cross-section can be compared with a modified Shield’s curve to predict 
sediment transport competency.  The shear stress placed on the sediment particles is the force 
that entrains and moves the particles, given by: 

 
Rsγτ =    (Equation 5) 

 
Where,  τ = shear stress (lb/ft2) 

γ = specific gravity of water (62.4 lb/ft3) 
R = hydraulic radius (ft) 
s = average channel slope (ft/ft) 
 

The boundary shear stress can be estimated for the design cross-section and plotted on a 
modified Shield’s curve, as shown in Exhibit 2.7.  The particle size that Shield’s curve 
predicts will be moved is compared to the Di of the site subpavement.  Shield’s curve predicts 
whether the design conditions will have enough shear stress to move a particle larger than the 
largest subpavement particle found in the creek and prevent aggradation.   

2.6.4 Sediment Transport Capacity 
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For sand bed streams, sediment transport capacity is much more important than competency.  
Sediment transport capacity refers to the stream’s ability to move a mass of sediment past a 
cross-section per unit time in pounds/second or tons/year.  Sediment transport capacity can be 
assessed directly using actual monitored data from bankfull events if a sediment transport 
rating curve has been developed for the project site.  Since this curve development is 
extremely difficult, other empirical relationships are used to assess sediment transport 
capacity.  The most common capacity equation is stream power.  Stream power can be 
calculated a number of ways, but the most common is: 

  w = γ QS/Wbkf, where      (Equation 6) 
  w = mean stream power in W/m2  

γ = specific weight of water (9810 N/m3). γ = ρ g where ρ is the density of the water-
sediment mixture (1,000 kg/m3) and g is the acceleration due to gravity (9.81 m/s2) 

Q = bankfull discharge in m3/s 
S = Design channel slope (meters per meter) 
Wbkf = Bankfull channel width in meters 
Note: 1 ft-lb/sec/ft2 = 14.56 W/m2 

Equation 6 does not provide a sediment transport rating curve; however, it does describe the 
stream’s ability to accomplish work, i.e., move sediment.  Calculated stream power values are 
compared to reference and published values.  If deviations from known stable values for 
similar stream types and slopes are observed, the design should be reassessed to confirm that 
sediment will be adequately transported through the system without containing excess energy 
in the channel. 

 

2.7 In-stream Structures 
There are a variety of in-stream structural elements used in restoration.  Exhibit 2.8 illustrates a few 
typical structures.  These elements are comprised of natural materials such as stone, wood, and live 
vegetation.  Their shape and location works with the flow dynamics to reinforce, stabilize, and 
enhance the function of the stream channel.  In-stream structures provide three primary functions: 
grade control, stream bank protection, and habitat enhancement. 

2.7.1 Grade Control 
Grade control pertains mainly to the design bed profile.  A newly excavated gravel stream bed 
with a slope greater than 0.5 percent is seldom able to maintain the desired slopes and bed 
features (riffles, runs, pools and glides) until a pavement/subpavement layer has been 
established.  Stone and/or log structures installed at the bed elevation and at critical locations in 
the plan view help to set up the new stream bed for long-term vertical stability.  Over time, as 
the new channel adjusts to its sediment transport regime and vegetative root mass establishes 
on the banks, the need for grade control diminishes.   

2.7.2 Bank Protection 
Bank protection is critical during and after construction as bank and floodplain vegetation is 
establishing a reinforcing root mass.  This vegetation establishment lasts for several years, but 
vegetation is typically providing meaningful bank protection after two to four growing seasons.  
Bank protection structures generally provide both reinforcement to the stream banks and re-
direction of flow away from the banks and toward the center of the channel. 
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2.7.3 Habitat Enhancement 
Habitat enhancement can take several forms and is often a secondary function of grade control 
and bank protection structures.  The flow of water over vanes and wing deflectors creates scour 
pools, which provide diversity of in-stream habitat.  Boulder clusters form eddies that provide 
resting places for aquatic species.  Constructed riffles and vane structures encourage 
oxygenation of the water.  Root wads provide cover and shade, and encourage the formation of 
deep pools at the outside of meander bends. 

2.7.4 Selection of Structure Types 
Table 2.3 summarizes the names and functions of several in-stream structures. 

Table 2.3 
Functions of In-stream Structures 

Function (Primary = 1, Secondary = 2) 
Structure 

Grade Control Bank Protection Habitat Enhancement 

Cross Vane 1 1 2 

Single Arm Vane  1 2 

J-Hook Vane  1 2 

Constructed Riffle 1 1 2 

Log Weir 1  2 

Wing Deflector 2 1 1 

Step Pool 1 1 2 

Boulder Cluster   1 

Root Wad  1 1 

Brush Mattress  1 2 

Cover Log   1 

The selection of structure types and locations typically follows dimension, pattern, and profile 
design.  In some situations, structure installation comprises the main, or possibly only, effort 
required to restore a stream.  More often, structures are used in conjunction with grading, 
realignment, and planting in an effort to improve channel stability and aquatic habitat. 

2.8 Vegetation 
The planting of additional and/or more desirable vegetation is an important aspect of the restoration 
plan.  Vegetation helps stabilize stream banks, creates habitat and a food source for wildlife, lowers 
water temperature by stream shading, improves water quality by filtering overland flows, and 
improves the aesthetics of the site. 
The reforestation component of a restoration project typically includes live dormant staking of the 
stream banks, riparian buffer plantings, invasive species removal, and seeding for erosion control.  
The stream banks and the riparian area are typically planted with both woody and herbaceous 
vegetation to establish a diverse streamside buffer.  Establishing vegetation along the stream banks is 
a very desirable means of erosion control because of the dynamic, adaptive, and self-repairing 
qualities of vegetation.  Vegetative root systems stabilize channel banks by holding soil together, 



BAKER ENGINEERING 2-19 
MILL CREEK RESTORATION PLAN 

increasing porosity and infiltration, and reducing soil saturation through transpiration.  During high 
flows, plants lie flat and stems and leaves shield and protect the soil surface from erosion.  In most 
settings, vegetation is more aesthetically appropriate than engineered stabilization structures.   
Stream banks are delineated into four zones when considering a planting scheme: 

1. Channel bottom - extending up to the low flow stage.  Emergent, aquatic plants dominate 
bank range, extending from the low flow stage to the bankfull stage. 

2. Lower bank - frequently flooded, extending from the low flow stage to the bankfull stage.  A 
mix of herbaceous and woody plants including sedges, grasses, shrubs and trees. 

3. Upper bank – occasionally flooded, but most often above water.  Dominated by shrubs and 
small trees. 

4. Riparian area – infrequently flooded, terrestrial, and naturally forested with canopy-forming 
trees. 

The most appropriate source of plant material for any project is the site itself.  Desirable plants that 
need to be removed in the course of construction should be salvaged and transplanted as part of the 
restoration plan.  The next best alternative is to obtain permission to collect and transplant native 
plants from areas nearby.  This transplant process ensures that the plants are native and adapted to the 
locale.  Finally, plants may need to be purchased.  They should be obtained from a nearby reputable 
nursery that guarantees that the plants are native and appropriate for the locale and climate of the 
project site.   

2.8.1 Live Staking 
Live staking is a method of revegetation that utilizes live, dormant cuttings from appropriate 
species to cheaply, and effectively establish vegetation.  The installation of live stakes on 
stream banks serves to protect the banks from erosion and at the same time provide habitat, 
shade and improved aesthetics.  Live staking must take place during the dormant season 
(November to March in the southeast US).  Live stakes can be gathered locally or purchased 
from a reputable commercial supplier.  Stakes should be at least ½ inches in diameter and no 
more than 2 inches in diameter, between 2 and 3 feet in length, and living based on the 
presence of young buds and green bark.  Stakes are cut at an angle on the bottom end and 
driven into the ground with a rubber mallet.   

2.8.2 Riparian Buffer Re-Vegetation 
Riparian buffers are areas of perennial vegetation adjacent to rivers and streams and are 
associated with a number of benefits.  Buffers are important in nutrient and pollutant removal 
in overland flow and may provide for additional subsurface water quality improvement in the 
shallow groundwater flow.  Buffers provide habitat and travel corridors for wildlife populations 
and are an important recreational resource.  It is also important to note that riparian buffer areas 
help to moderate the quantity and timing of runoff from the upland landscape and contribute to 
the groundwater recharge process.   

Buffers are most valuable and effective when comprised of a combination of trees, shrubs, and 
herbaceous plants.  Although width generally increases the capacity of riparian buffers to 
improve water quality and provide greater habitat value, even buffers less than 85 feet wide 
have been shown to improve water quality and habitat (Budd et al., 1987).  An estimated 
minimum width of 30 feet is required for creating beneficial forest structure and riparian 
habitat.   
In stream and wetland restoration, where buffer width is often limited, the following design 
principles apply: 
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• Design for sheet flow into and across the riparian buffer area   
• If possible, the width of the riparian buffer area should be proportional to the watershed 

area, the slope of the terrain, and the velocity of the flow through the buffer   
• Forest structure should include understory and canopy species.  Canopy species are 

particularly important adjacent to waterways to moderate stream temperatures and to 
create habitat   

• Use native plants that are adapted to the site conditions (e.g., climate, soils, and 
hydrology).  In suburban and urban settings riparian forested buffers do not need to 
resemble natural ecosystems to improve water quality and habitat. 

2.9 Risk Recognition 
It is important to recognize the risks inherent in the assessment, design, and construction of 
environmental restoration projects.  Such endeavors involve the interpretation of existing conditions 
to deduce appropriate design criteria, the application of those criteria to design, and, most 
importantly, the execution of the construction phase.  There are many factors that ultimately 
determine the success of these projects and many of the factors are beyond the influence of a 
designer.  To compile all of the factors is beyond the scope of this report.  Further, it is impossible to 
consider and to design for all of them.  However, it is important to acknowledge those factors such as 
daily temperatures, the amount and frequency of rainfall during and following construction, 
subsurface conditions, and changes in watershed characteristics, that are beyond the control of the 
designer. 
Many restoration sites will require some post-construction maintenance, primarily because newly 
planted vegetation plays a large role in channel and floodplain stability.  Stream restoration projects 
are most vulnerable to adjustment and erosion immediately after construction, before vegetation has 
had a chance to become fully established.  Risk of instability diminishes with each growing season.  
Streams and floodplains usually become self-maintaining after the second year of growth.  However, 
unusually heavy floods often cause erosion, deposition and/or loss of vegetation in even the most 
stable channels and forested floodplains. 
Maintenance issues and recommended remediation measures will be detailed and documented in the 
as-built and monitoring reports.  Factors that may have caused any maintenance needs, including any 
of the conditions listed above, shall be discussed. 
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3.0 WETLAND RESTORATION BACKGROUND SCIENCE AND 
METHODS 

3.1 The Importance of Wetlands 
Wetlands are unique landscape features that can provide numerous benefits to ecosystems.  They are 
usually delineated based on three components: hydric soils, wetland hydrology, and hydrophytic 
vegetation.  Natural wetlands are generally formed when the geology and hydrology of an area allow 
for surface or groundwater to accumulate near the soil surface.  Wetlands offer unique habitats for 
flora and fauna, remove nutrients and other contaminants, allow for surface water storage, and 
recharge groundwater aquifers.  Wetlands help to reduce the impacts of floods, improve water quality, 
and provide aesthetic and recreational benefits (Mitsch and Gosselink, 2000; King, 2000).  The 
functions performed by wetlands are site-specific, depending on the location in the ecosystem and 
environmental conditions.   
Many natural processes or anthropogenic activities can impact wetlands.  Wetland restoration seeks to 
restore wetland functions to areas that currently possess hydric soils but no longer support wetland 
hydrology or vegetation.  Wetland restoration design must take into consideration each of the three 
components of wetlands (soils, hydrology, and vegetation).  The following sections will provide an 
overview of the restoration process used by Baker Engineering. 

3.2 Hydric soils 
Hydric soils are defined as soils that formed under conditions of saturation, flooding, or ponding long 
enough during the growing season to develop anaerobic conditions in the upper horizons (Federal 
Register, July 13, 1994).  Soil development is directly affected by the hydrology of an area, as well as 
by its climate, parent material, time, soil organisms, and topography.  Anaerobic conditions result in 
specific soil biogeochemical processes, such as the retention of organic matter, the chemical reduction 
of nitrogen (NO3), iron (Fe), manganese (Mn), sulfur (S), and carbon (C).  When a soil is saturated, 
aerobic microorganisms deplete the remaining oxygen in the system.  As oxygen becomes more and 
more limiting, anaerobic organisms begin to utilize oxidized soil components that are further reduced 
(Mausbach and Richardson, 1994).  The first reaction that occurs under anaerobic conditions is the 
reduction of nitrate.  As the oxidation-reduction (redox) potential continues to decrease, manganese is 
reduced, then iron, and finally, sulfur and carbon.  The soil pH, temperature, and mineral content are 
all important factors in the rates of transformation (Mitsch and Gosselink, 2000).  These reduction 
processes result in characteristic hydric soil indicators, such as the retention of organic matter, gleyed 
soils, soils with low-matrix chromas, sulfur odor, etc.   
There are two main types of hydric soils: organic soils and mineral soils.  Organic soils, or Histosols, 
are soils that have more than 30% organic matter to a depth of 40 centimeters and that develop under 
nearly continuous saturation or inundation (Buol et al, 1989).  These soils are also called peat or 
mucks.  All organic soils are considered to be hydric except for Folists, which occur on dry slopes.   
Hydric soils with less than 30% organic matter are classified as mineral soils.  When saturated or 
inundated for extended periods of time, mineral soils develop characteristic indicators, which are a 
result of depletion of oxygen within the soil (Mitsch and Gosselink, 2000; US Department of 
Agriculture (USDA), 1996).  The reduction of nitrogen, iron, and manganese forms hydric soil 
indicators that are referred to as redoximorphic features (Vepraskas, 1996).  Redoximorphic features 
include, but are not limited to: gleyed soils, soils with low-matrix chroma, redox concentrations, 
oxidized rhyzospheres, and iron and manganese concretions.   



BAKER ENGINEERING 3-2 
MILL CREEK RESTORATION PLAN 

Wetlands are commonly referred to as the kidneys of the landscape (Mitsch and Gosselink, 2000).  
The analogy is applicable because wetlands filter the water that flows through them, trapping 
sediment and sequestering nutrients, including carbon, nitrogen, and phosphorous (Craft and Casey, 
2000).  Wetland soils may be factors in changing the global cycles of nitrogen, sulfur, methane, and 
carbon dioxide.  Wetland soils help to return excess nitrogen to the atmosphere through 
denitrification.  The use of fossil fuels has greatly increased the amount of atmospheric sulfate.  When 
these sulfates are washed out of the atmosphere into wetlands, they can be reduced and even removed 
permanently from the sulfur cycle (Mitsch and Gosselink, 2000).  Carbon can be sequestered into 
wetland soils, helping to reduce carbon dioxide concentrations. 
When hydric soils are converted to agriculture, changes to the soils’ chemistry and structure often 
occur.  Once drained, wetland areas are typically graded smooth to improve surface drainage, a 
process that removes much of the sites’ natural topographic variability.  The organic content of the 
soils often decreases due to the oxidation caused by aeration.  Concentrations of major and micro-
nutrients are often increased due to the application of fertilizers.  “Loose” soil structures of many 
wetland soils are typically converted to more blocky and massive structures, due to years of 
mechanized equipment traffic.  Plow pans, or layers of highly compacted soil, are often present 
approximately 12 to 18 inches below the surface. 
Assessment of on-site hydric soils begins with collected soil survey data from the Natural Resources 
Conservation Service (NRCS).  Since soil survey data are collected on a regional scale, on-site 
investigations begin by evaluating the accuracy of NRCS mapping.  Soil borings are conducted across 
the restoration site to confirm the presence of hydric soil series and the boundaries.  Soil profiles are 
recorded for each location.  For hydrologic analysis purposes, measurements of in-situ saturated 
hydraulic conductivity are also conducted.  Under high water table conditions, the auger hole method, 
as described by van Beers (1970), is used.  Under lower water table conditions, a constant head 
permeameter (amoozemeter) is used.  Measurements are made at representative locations across the 
site to determine the variability in hydraulic conductivity across the site. 

3.3 Wetland Vegetation 
Wetland hydrology and hydric soils create what can be considered a harsh environment for many 
biotic organisms.  Since many wetlands are only periodically inundated or saturated, water levels may 
not be consistently high or low.  Many aquatic plants are not able to flourish when wetlands 
temporarily dry, and many xeric species are not able to adapt to conditions that are periodically wet.  
Wetland plants have adapted to life in this unpredictable environment.   
Wetland plants, also referred to as hydrophytic vegetation, possess a range of adaptations that enable 
them to tolerate or avoid water stress.  The three major types of adaptations are morphological, 
physiological, and reproductive.  Morphological adaptations enable plants to increase the oxygen 
supply, either by growing into aerobic environments or by allowing oxygen to penetrate the anoxic 
zone (Mitsch and Gosselink, 2000).  Various morphological adaptations that vascular plants may 
exhibit are buttressed tree trunks, adventitious roots, shallow root systems, floating leaves, 
hypertrophied lenticels, and/or multi-trunks.   
Physiological adaptations to wetland environments include oxidized rhizospheres, changes in water 
uptake, nutrient absorption, and respiration.  Some species are capable of transferring oxygen from 
the root system into the adjacent soil, producing oxidized rhizospheres surrounding the root.  Under 
saturated conditions, many hydric plants have no change in their nutrient uptake, whereas flood-
intolerant species lose the ability to control nutrient absorption (Mitsch and Gosselink, 2000).   
Reproductive adaptations allow wetland vegetation to establish and grow within inundated soil 
conditions.  Some of these adaptations include prolonged seed viability (including production of a 
large seed bank), timing of seed production in the non-saturated season, production of buoyant seeds, 
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flood-tolerant species, and germination of seeds while fruit is attached to the tree.  These 
reproductive, morphological, and hydrophytic adaptations allow wetland plants to flourish in 
relatively harsh environments and create communities of plants adapted to wetland conditions.   
Plant communities generally exist along a topographic gradient.  Hill tops or southwest-facing slopes 
tend to have the most xeric vegetation, whereas bottomlands tend to have the most mesic species.  
These topographic gradients tend to have plant communities directly associated with them.  It should 
be noted that some species will be found in both xeric and mesic community types.  Plant 
communities are based on species assemblages and not on individual species.  Hydrophytic 
vegetation is defined by the USACE Wetland Delineation Manual as “the sum total of macrophytic 
plant life that occurs in areas where the frequency and duration of inundation or soil saturation 
produce permanently or periodically saturated soils of sufficient duration to exert a controlling 
influence on the plant species present” (USACE, 1987).  According to the manual, species that have 
an indicator status of Obligate Wetland Plants (OBL), Facultative Wetland Plants (FACW), or 
Facultative Plants (FAC) are considered to be typically adapted for life in wetlands or anaerobic soil 
conditions.  Typically, a wetland plant community contains more than 50 percent of the dominant 
species as OBL, FACW, or FAC species.   
When restoring wetlands, Baker Engineering utilizes native plants to approximate the community that 
would naturally live within that physiographic community type.  Species selection is based on 
reference wetland vegetation analyses, professional knowledge of availability and viability of specific 
plants, and expected post-restoration hydrologic conditions.  Special emphasis is placed on re-
creating a community type that is adapted to the conditions of the restoration site.  The re-creation is 
accomplished by planting hard mast tress, lightly-seeded trees, and various understory or midcanopy, 
woody species.  The utilization of hard mast species creates additional wildlife food sources and 
allows for late, successional species to become established.  The utilization of lightly-seeding species 
allows for the faster development of wildlife cover and habitat.  The planting of understory species 
helps to ensure a more diverse plant community that will provide long-term benefits to wildlife.   

3.4 Wetland Hydrology 
Wetland hydrology is often sited as the primary driving force influencing wetland development, 
function, and persistence (Gosselink and Turner, 1978; Sharitz et al., 1990) and also one of the 
hardest variables to assess and predict accurately.  Hydrology drives the development of hydric soil 
characteristics, water and soil chemistry, and hydrophytic plant communities.  Most functions 
commonly attributed to wetlands (water filtering, nutrient cycling, sediment trapping, ecosystem 
diversity, etc.) are a direct result of the hydrologic characteristics of wetland systems.  For these 
reasons, Baker Engineering places significant emphasis on the correct assessment of wetland 
hydrologic conditions, under both pre- and post-restoration conditions.   
Assessment of wetland hydrology begins by touring the project site to observe hydrologic conditions.  
When possible, site tours are conducted during dry times (several weeks following the last rainfall 
event) and wet times (immediately following large rainfall events).  Evaluation of site conditions 
during dry periods provides valuable evidence about existing site function and indicates the 
hydrologic variability across the site.  Wetland hydrology assessments during dry periods focus on the 
following key questions: 

1. Are there areas that are currently exhibiting wetland hydrology?  These areas require special 
attention and will likely be subject to regulatory permit conditions. 

2. Where are the areas of the site that appear especially dry?  These areas will likely require the 
greatest attention to restore wetland hydrology. 

3. What are the sources of water on the site that can be manipulated during restoration?  
Sources may include groundwater discharge, run-off, surface water flows, and stream flows.  
Various design techniques are available for storing more water within the restoration site to 
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increase wetness.  The primary source of water available will directly affect the type of 
design that will be most effective at restoring wetland hydrology. 

Evaluation during wet periods allows for observations regarding runoff patterns, areas of ponding and 
water storage, flow routing, and surface flow interactions.  Wetland hydrology assessments during 
wet periods focus on the following key questions: 

1. How is runoff currently being routed across the site? Most degraded sites have been 
topographically manipulated to direct runoff to a drainage outlet as quickly as possible.  
Restoration must reduce the loss of water from the site and restore water storage functions of 
natural wetland sites. 

2. Are there any surface water sources that could be used in the restoration design? Sources 
may include ephemeral and intermittent ditches, drainage swales, and overland flow. 

3. If stream flow or overbank flow is believed to have once contributed to wetland hydrology, 
can these sources be restored? Evaluation of stream channels primarily involves the 
evaluation of bankfull stage in relation to existing bank heights, whether streambed elevations 
can be altered, and hydrologic trespass. 

When necessary for accurate assessment of existing hydrologic conditions, monitoring wells are 
installed to document local water table conditions.  Wells are installed to a depth of approximately 40 
inches, following the procedures outlined under USACE’s Wetland Research Program (WRP) 
Technical Note ERDC TN-WRAP-00-02 (July, 2000).  Monitoring wells are typically installed as 
combinations of automated and manually-read wells.  Automated wells are installed in areas where 
precise measurement of hydrologic conditions is necessary.  Such areas may include areas near 
drainage features, where the prediction of the drainage effect is needed, areas where the hydrologic 
functioning is difficult to predict through visual assessments, and areas where the hydrologic status of 
an area is questionable (i.e., does wetland hydrology exist?).  Manually-read wells are typically read 
on a monthly basis and are used to supplement the data collected with automated wells.  Manual wells 
are typically installed in areas where the hydrologic status is predictable based on visual assessments, 
but measured data will allow for more conclusive evaluation of pre- and post-restoration conditions.  
Manual wells, installed as piezometers, can also be installed in nests to determine the direction of 
groundwater movement.   
Accurate site mapping is essential to the evaluation of site hydrology and restoration design.  
Topographic maps of the site are produced using either ground or aerial survey methods.  Digital 
elevation models (DEMs) are developed that include topographic contours (typically 1.0 foot 
contours or less), locations of all drainage features and outlets, structures, existing wetland areas, and 
monitoring well locations.  DEMs are used to visually depict the hydrologic features of the site, 
develop hydrologic model inputs, and evaluate proposed restoration practices. 

3.5 Wetland Hydrologic Analyses 
Hydrology data collected at the proposed restoration site is essential for documenting the hydrologic 
conditions of the site at the time of collection; however, data collected over several months to a year 
are limited for evaluating the site’s long-term performance under varying rainfall and climatic 
conditions.  Existing condition data alone also provides little insight into how the site will perform 
once restoration activities are completed.  For these reasons, hydrologic modeling is often used to 
further evaluate the potential restoration site. 
The most common hydrologic model used by Baker Engineering to evaluate wetland hydrology is 
DRAINMOD (version 5.1).  DRAINMOD has been identified as an approved hydrologic tool for 
assessing wetland hydrology by the NRCS.  DRAINMOD was developed by NC State University for 
the study and design of water management systems on poorly-drained, shallow water table soils.  A 
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combination of methods is used in the model to simulate infiltration, drainage, surface runoff, 
evapotranspiration, and seepage processes on an hour-by-hour, day-by-day basis.  DRAINMOD was 
modified by Skaggs et al., (1991) for application to wetland determinations by the addition of a 
counter that calculates the number of times the water table rises above a specified depth and remains 
there for a given period during the growing season.  For more information on DRAINMOD and its 
application to high water table soils, see Skaggs (1980). 
DRAINMOD is used to develop hydrologic simulation models to represent conditions at a variety of 
locations across the proposed restoration area.  Model parameters are selected based on field 
measurements and professional judgment about site conditions.  Rainfall and air temperature 
information are collected from the nearest automated weather station.  If automated weather stations 
are too far away, automated rain gauges may be installed on site.  Soil parameters are determined 
from on-site evaluations of soil stratification and in-situ-measured hydraulic conductivity. 
Measured field parameters are entered into the model, and initial model simulations are compared 
with observed data collected from monitoring wells.  To calibrate the model, parameters not 
measured in the field are adjusted within the limits typically encountered under similar soil and 
geomorphic conditions, until model simulations most closely match observed well data. 
It is important to note that DRAINMOD uses simplifying assumptions to estimate water table depths.  
When applied to a site with complex hydrologic processes, the model can be used to assess overall 
trends and relationships but is unlikely to offer exact predictions of water table hydrology.  
Calibration of the model is aimed at matching the relative response of water table drawdown and the 
overall depth that the water table reaches at different times during the year.  Once these objectives are 
met, the model is assumed to adequately reflect the hydrologic response of the site to varying 
precipitation and climatic events. 
Once model simulations are developed that reflect the existing conditions of the site, other 
simulations may be developed to represent the hydrology of the site after restoration practices have 
been implemented.  Inputs that describe the drainage features of the site are altered to represent the 
restoration conditions.  Inputs typically include: drainage feature spacing (increased due to the 
removal of ditches), drainage feature depth (typically decreased when restoring an associated stream 
and raising the streambed or filling and plugging drainage ditches), surface storage (increased through 
scarification practices), and crop inputs (conversion to trees instead of row crops).  Model simulations 
are used to predict the changes in water table hydrology as a result of the proposed restoration 
practices. 
DRAINMOD computes daily water balance information and develops summaries that describe the 
loss pathways for rainfall over the model simulation period.  To compare long-term results, the 
amounts of rainfall, infiltration, drainage, runoff, and evapotranspiration estimated for the existing 
condition can be compared with simulations run for the proposed restoration practices.  Infiltration 
represents the amount of water that percolates into the soil and is lost via drainage or runoff.  
Drainage is the loss of infiltrated water that travels through the soil profile and is discharged to the 
drainage ditches or to underlying aquifers.  Runoff is water that flows overland and reaches the 
drainage ditches before infiltration.  Evapotranspiration is water that is lost by the direct evaporation 
of water from the soil or through the transpiration of plants.  Comparisons may include average 
annual amounts, annual maximums and minimums, and even day-to-day comparisons of hourly water 
table hydrographs.   

3.6 Assessment of Existing Wetland Areas 
Conditions across a potential restoration site will often vary dramatically.  While much of the site 
may be targeted for restoration due to lack of wetland hydrology and functions, there may be areas of 
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the site that still support wetland hydrology and wetland functions to some degree.  These areas 
require special consideration as part of a proposed restoration design. 
The proposed project area is reviewed for the presence of wetlands and waters of the United States in 
accordance with the provisions of Executive Order 11990, the Clean Water Act, and subsequent 
federal regulations.  Wetlands have been defined by the USACE as “those areas that are inundated or 
saturated by surface or ground water at a frequency and duration sufficient to support, and that under 
normal circumstances do support, a prevalence of vegetation typically adapted for life in saturated 
soil conditions.  Wetlands generally include swamps, marshes, bogs, and similar areas” [33 CFR 
328.3(b) and 40 CFR 230.3 (t)].  Within the project area, locations that display one or more wetland 
components are reviewed to determine the presence of wetlands using hydrophytic vegetation, 
permanent or periodic inundation or saturation, and hydric soils.   
Following an in-office review of the National Wetland Inventory (NWI) maps, NRCS Soil Surveys, 
and USGS Quadrangle maps, a pedestrian survey of the project area is made to investigate suspect 
areas and to delineate all wetlands and waters of the U.S.  The project area is examined utilizing the 
jurisdictional definition detailed in the USACE Wetlands Delineation Manual.  Supplementary 
information to further support wetland determinations is found in the National List of Plant Species 
that Occur in Wetlands: Southeast (Region 2) (Reed, 1988). 
Baker Engineering collects data on the three wetland components and completes USACE wetland 
determination field sheets for each identified wetland area.  These sheets document the wetland 
conditions that were observed on-site, including the presence of hydrophytic (wetland) vegetation, 
hydric soils, and wetland hydrology.  The wetland systems are also classified using the Classification 
of the Natural Communities of North Carolina, Third Approximation, by Schafale and Weakley 
(1990).  This classification system includes descriptions of all the natural community types in North 
Carolina (112 types and subtypes), including vegetation, soils, physical environment, dynamics, 
distinguishing features, examples, and associated rare plants.  Wetlands are also classified using the 
Hydrogeomorphic Classification of Wetlands (HGM) by Brinson (1993).  Since HGM subtypes are 
still being developed for North Carolina, HGM principles are used to describe the geomorphic setting, 
water sources, hydrodynamics, and functioning of identified wetland systems.   
Where jurisdictional wetlands are identified, the wetland boundary is flagged with marking tape, at 
intervals of 25 to 50 feet.  Baker Engineering follows the USACE Wilmington District procedures for 
survey and recordation of wetland boundaries.  Surveys of wetland boundaries are conducted with 
either sub-meter accuracy Global Positioning System (GPS) equipment or total station survey 
equipment.  A professional land surveyor (PLS) oversees any detailed land surveys.  Wetland 
drawings are prepared using Geographic Information Systems (GIS) and/or computer aided design 
and drafting (CADD) applications and submitted to USACE and the NCDWQ for jurisdictional 
determination and verification when required.   

3.7 Reference Wetlands 
Reference wetlands are natural wetland systems that are similar in function and geomorphic setting to 
the proposed restoration site.  Reference wetlands can be used as templates for the proposed 
restoration design.  Data collected from reference wetland sites, including vegetation communities, 
hydrologic characteristics, and topographic features, can provide valuable information for the 
evaluation of proposed restoration practices.  Analysis of the vegetation communities within the 
reference site is used as a tool for developing the planting plan for the restoration site.  Reference 
wetlands can also be used for comparison purposes to determine whether the restored wetland site is 
on a trajectory for success during the required monitoring period.   
The reference wetland site should be located as close to the proposed restoration site as possible.  The 
reference wetland should be of the same hydrogeomorphic classification as the proposed restoration 
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site, and generally located within the same climatic, physiographic, and ecological region.  Soil 
characteristics should closely match those of the proposed restoration site.  Fully functioning wetland 
systems appropriate for reference sites may be difficult to locate in some areas; as a result, reference 
sites are often located some distance from the restoration site. 
Once a potential reference site is located, Baker Engineering secures landowner permission to further 
evaluate the area as a potential reference site.  On-site evaluations are similar to those previously 
described for jurisdictional wetland areas on restoration sites and include the documentation of 
vegetation communities, soil series, and visual observations regarding wetland hydrology.  USACE 
wetland determination field sheets are completed for the reference wetland. 
If the reference site is found to be appropriate for the restoration project, several groundwater wells 
are installed across the reference site to capture the range of hydrologic conditions.  Automated and 
manual wells are generally installed in combination, with automated wells installed at the wettest and 
driest extremes of conditions and manual wells installed in more average conditions.  This approach 
allows for accurate documentation of the hydrologic range of conditions across the site.  Well data are 
downloaded monthly throughout the required monitoring period. 

3.8 Wetland Restoration Techniques 
Restoration techniques will vary by the type of wetland to be restored and the goals of the restoration.  
The purpose of this section is to describe some of the techniques that Baker Engineering commonly 
uses to restore lost functions and values on wetland restoration sites.   

3.8.1 Restoration Techniques for Wetland Hydrology 
The restoration of appropriate hydrology is the cornerstone of any wetland restoration project.  
Without the appropriate hydrology, all other wetland functions will be compromised.  Several 
commonly used techniques are described below. 

Restoration of Stream Channels – Many wetland restoration sites will contain stream channels 
that have been channelized and straightened.  Channelization of streams lowers the baseflow 
water elevation in the channel, lowers the adjacent water table, increases the loss of water from 
the site through both increased surface and subsurface drainage, and decreases the frequency 
and severity of flooding events on adjacent lands. 

The restoration of stream channels to restore wetland hydrology involves raising the streambed 
elevation such that the stream is reconnected to the abandoned hydric floodplain (i.e., 
agricultural fields).  This process raises the local water table by raising the elevation of the 
drainage outlet, and restores a natural flooding regime to the site.  For more information on 
stream restoration practices, see Sections 2.1, 2.2, and 2.5. 

Filling and Blocking of Drainage Features – Drainage features may include ditches, channels, 
swales, and subsurface drains.  Ditches are the most common drainage feature encountered on 
agricultural sites.  Ditches are generally constructed on parallel spacings that are based on the 
drainage characteristics of the soils.  Ditches and subsurface drains provide an outlet for 
subsurface drainage that is often several feet lower than the surrounding ground elevation.  The 
effect is that groundwater moves toward the ditches where it is discharged, thus lowering the 
water table elevation. 

Filling and blocking of drainage features removes the drainage effect they provide.  The choice 
between partially blocking and completely filling the drainage features is primarily driven by 
the amount of soil that must be disposed of during construction.  When there is an excess of soil 
to be disposed of, ditches and swales are completely filled.  When the quantity of soil for 
disposal is limited, ditches and swales are blocked by partially filling, or plugging, the features 
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at specific locations.  Plugs are at least 50 to 100 feet in length, and soil material placed for the 
plugs is compacted with heavy equipment, used on site during construction.  The actual length 
of the plugs will be based on the predicted hydraulic conductivity of the compacted fill 
material.  The spacing between plugs will vary, depending on the slope of the site and the 
amount of soil for disposal. 

Once ditches have been filled in or plugged, additional fill material will be piled over the filled 
ditch to a height of no more than 6 inches, to allow for subsidence and settling of the fill over 
time.  Without additional material, settling of the fill could cause the drainage feature to 
partially reform over time and affect the hydrology of the site. 

Subsurface drains, such as tiles and plastic pipe, are located and excavated so that they no 
longer function.  Once drains have been removed, excavated soil material is placed back in the 
excavated trench and compacted. 

Run-off Diversions – In some areas, it is beneficial to construct shallow diversions and swales 
to direct surface water run-off into the site.  This practice is commonly used when restoration 
areas are adjacent to long hill slopes, where significant amounts of run-off may be produced 
during large rain events.  The diversions are used to direct the run-off to areas of the restoration 
site where the additional water inputs are most needed.   

Shallow Depressions and Floodplain Pools – To increase the diversity of hydrologic conditions 
across the site, shallow depressions and floodplain pools can be excavated or created by leaving 
sections of ditches only partially filled in certain areas.  The depressions are constructed to 
mimic the function of natural sloughs and pools commonly found across many wetland 
ecosystems.  These areas provide increased surface storage of precipitation and floodwaters, 
improve biotic diversity, and provide breeding areas for a number of amphibian and reptile 
species. 

Depressions and pools are generally constructed to be less than 1 foot deep.  The size of 
depressions can vary, depending on the site; however, depressions 200 feet by 100 feet are 
typical of many sites.  The depressions are designed to hold water for extended periods, ranging 
from several weeks to many months.  For many amphibian species, it is crucial that the pools 
dry up completely during the late summer months.  These ephemeral pools are typically 
constructed in higher elevation areas away from the active stream channel.  For other species, 
pools that retain some degree of ponded water throughout the year are most beneficial.  These 
features, which represent backwater sloughs, oxbow ponds, and floodplain pools, are typically 
constructed near the active stream channel, where the high water table conditions and frequent 
flooding will maintain water levels in the pools. 

Restoration of Microtopography – In order to improve drainage and increase agricultural 
production, farmed wetland soils are often graded to a smooth surface and crowned to enhance 
run-off.  Microtopography contributes to the properties of forest soils and to the diversity and 
patterns of plant communities (Lutz, 1940; Stephens, 1956; Bratton, 1976; Ehrnfeld, 1995).  
The introduction of microtopography also increases surface storage on the site, reducing run-off 
and erosion and enhancing infiltration.   

Microtopography is established on the restored site after design grades have been achieved, 
using the procedures described by Scherrer (2000).  The equipment should leave a furrow 
approximately 7 feet wide and 6 inches deep, and a corresponding mound approximately 7 feet 
wide and 6 inches high.  The equipment should be run in parallel lines approximately 25 feet 
apart, and then over the same area in “figure 8” patterns to create a random pattern of 
interconnected and isolated furrows and ridges, as shown in Figure 3.1.  The actual distance 
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between furrows and mounds and the height of the mounds can be adjusted depending on the 
targeted amount of surface storage to be restored. 

Figure 3.1   
Typical Pattern of Restored Wetland Microtopography (Scherrer, 2000) 

 
3.8.2 Restoration Techniques for Wetland Soils 
Soil Scarification and Tillage – Disking and tillage practices commonly used in agriculture can 
be used to break the plow pan and reduce compaction of the soil caused by years of agricultural 
production.  Tillage practices will also be used to remove any field crowns, restoring a more 
natural topography to the site.  When necessary, rippers will be used to till to depths of 12 to 18 
inches to break any compacted pan layers. 

Soil Amendments – Samples of top soil from the site can be collected and tested to determine 
soil fertility and chemical properties.  If necessary, soil amendments (fertilizer, lime, etc.) will 
be applied at rates appropriate for the target vegetation.  For land which has been in agricultural 
production for a number of years, it is likely that soil fertility will be high and amendments will 
not be necessary. 

3.8.3 Restoration Techniques for Wetland Vegetation 
Tree Planting Techniques – Under typical conditions, bare-root tree species will be planted 
within all areas of the site conservation easement.  Bare-root vegetation is typically planted at a 
target density of 680 stems per acre, or an 8 by 8 foot grid.  Experience has shown this density 
to be favorable for overall survival of at least 320 planted stems at the end of 5 years, which is a 
common success criterion for mitigation sites.  Planting of bare-root trees is conducted during 
the dormant season, which lasts from late November to early March for most of the state. 

Species selection is based on reference wetland vegetation analyses, professional knowledge of 
availability and viability of specific plants, and expected post-restoration hydrologic conditions.  
Species selection for revegetation of the site will generally follow those suggested by Schafale 
and Weakley (1990) and tolerances cited in the USACE Wetland Research Program (WRP) 
Technical Note VN-RS-4.1 (1997).  Tree species selected for restoration will generally range 
from weakly tolerant to tolerant of flooding.  Weakly tolerant species are able to survive and 
grow in areas where the soil is saturated or flooded for relatively short periods of time.  
Moderately tolerant species are able to survive on soils that are saturated or flooded for several 
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months during the growing season.  Flood tolerant species are able to survive on sites in which 
the soil is saturated or flooded for extended periods during the growing season (WRP, 1997).   

Observations are made during construction of the site regarding the relative wetness of areas to 
be planted.  Planting zones are determined based on these assessments, and planted species will 
be matched according to their wetness tolerance and the anticipated wetness of the planting 
area. 

When feasible, trees are transported to the site from the nursery and stored on-site in a 
refrigerated cooler prior to planting.  If on-site refrigeration is not available, trees are planted 
within two days of being transported to the site.  Soils across the site are sufficiently disked and 
loosened prior to planting.  Trees are planted by manual labor, using a dibble bar, mattock, 
planting bar, or other similar method.  Planting holes for the trees are made sufficiently deep to 
allow the roots to spread out and down without “J-rooting.”  Soil is loosely compacted around 
trees once they have been planted to prevent them from drying out. 

Permanent Seed Mixtures – Permanent seed mixtures are applied to all disturbed areas of the 
project site.  Different mixtures may be specified for different areas of the site, depending on 
the wetness and degree of stabilization required at the site.  Mixtures will also include 
temporary seeding to allow for application with mechanical broadcast spreaders and rapid 
ground cover following application.   Temporary seeding is applied to all disturbed areas of the 
site that are susceptible to erosion, including constructed streambanks, access roads, side-
slopes, spoil piles, etc.   

3.9 Application of Fluvial Processes to Stream and Wetland Restoration 
A stream and its wetland floodplain (referred to here as the riparian area) comprise a dynamic 
environment where the floodplain, wetland areas, channel, and bedform evolve through natural 
processes.  Weather and hydraulic processes erode, transport, sort, and deposit alluvial materials 
throughout the riparian system.  The size and flow of a stream are directly related to its watershed 
area.  Other factors that affect channel size and stream flow are geology, land use, soil types, 
topography, and climate.  The morphology, or size and shape, of the channel reflects all of these 
factors (Leopold et al., 1992; Knighton, 1998).  The size and flow of the stream channel also 
influence the size and functioning of wetland areas adjacent to the channel.  The result is a dynamic 
equilibrium in which the stream maintains its dimension, pattern, and profile over time, and adjacent 
wetland areas evolve with the meandering of the stream across its floodplain.  Land use changes in 
the watershed, including increases in imperviousness, removal of riparian vegetation, and drainage of 
adjacent wetlands can upset this balance.  A new equilibrium may eventually result, but not before 
large adjustments in channel form can occur, such as extreme bank erosion or incision (Lane, 1955; 
Schumm, 1960).  These adjustments in channel form often have negative effects on associated 
wetland areas, as processes of channel incision increase drainage of adjacent areas.  By understanding 
and applying the processes of riparian form and function to stream and wetland restoration projects, a 
self-sustaining riparian system can be designed and constructed that maximizes ecosystem function 
and potential. 
In riparian systems, wetland functions cannot be restored without also addressing the restoration of 
stream functions; therefore, it is crucial that the degraded stream system be restored to the appropriate 
dimension, pattern, and profile while allowing the stream access to the abandoned floodplain and 
associated wetland areas.  In this way, the stream becomes one of the primary sources of water and 
nutrient inputs to the wetland system.  As such, the development of stream and wetland design 
components becomes an iterative process. 
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4.0 WATERSHED ASSESSMENT RESULTS 

4.1 Watershed Delineation 
Watershed boundaries for the targeted project reaches were determined by delineating the existing 
watersheds on the USGS 7.5 minute topographic quadrangle (Eleazer quad).  The site occurs within 
the eight-digit hydrological unit code (HUC) 03040103, and within the NC Division of Water Quality 
(NCDWQ) sub-basin 03-07-09 of the Yadkin Valley River Basin (Exhibit 1.1 and 1.2).  The total 
drainage area of all project reaches at the outlet of the project area is estimated to be approximately 
1.95 square miles.   Exhibit 1.3 shows the watershed boundaries for the project. 

4.2 Surface Water Classification 
The NCDWQ designates surface water classifications for water bodies such as streams, rivers, and 
lakes, which define the best uses to be protected within these waters (e.g., swimming, fishing, and 
drinking water supply).  These classifications carry with them an associated set of water quality 
standards to protect those uses.  All surface waters in North Carolina must at least meet the standards 
for Class C (fishable/swimmable) waters.  The other primary classifications provide additional levels 
of protection for primary water contact recreation (Class B) and drinking water supplies (WS).  Class 
C waters are protected for secondary recreation, fishing, wildlife, fish and aquatic life propagation 
and survival, agriculture and other uses suitable for Class C.  Classifications and their associated 
protection rules may also be designed to protect the free flowing nature of a stream or other special 
characteristics.   
The project will involve Mill Creek, five unnamed tributaries to Mill Creek (UT4, UT5, UT6, UT7 
and UT8), and three unnamed tributaries to the Uwharrie River (UT1, UT2 and UT9).  Mill Creek 
flows through the entire site and is a tributary to the Uwharrie River.  Mill Creek and the Uwharrie 
River in this area are classified as “C” waters, indicating that the systems are considered to support 
aquatic life and secondary recreational uses (NCDWQ, 2000).  The stream and wetland approaches 
described in this plan will reduce the amount of sediment and nutrients being discharged directly to 
Mill Creek, thus improving the overall water quality in the Uwharrie River along the property 
boundaries and directly downstream of the project. 

4.3 Geology 
The Mill Creek site is located in southwestern Randolph County in the Piedmont physiographic 
region of North Carolina.  The underlying geology of the project area is within the Carolina Slate 
Belt, Cid, and Uwharrie formations that consists of Cambrian age felsic metavolcanic rock, 
specifically metamorphosed dacitic to rhyolitic flows and tuffs, which are interbedded with mafic 
metavolcanics as well as metamudstone (Geologic Map of North Carolina, NC Geological Survey, 
1998).  Outcrops found within the project area likely belong to the Uwharrie Formation.  The vicinity 
topography is characterized by gently rolling hills and alluvial valleys.  Local relief within the project 
site to be constructed is 78 feet. 
The Cid formation consists of thin to thick bedded metamudstone and meta-argillite interbedded with 
metasandstone, metaconglomerate, and metavolcanic rock. The Uwharrie formation consists of 
metamorphosed dacitic to rhyolitic flows and tuffs.  
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4.4 Soils 
Soils types at the site were determined using Natural Resource Conservation Service (NRCS) Soil 
Survey data for Randolph County (USDA, 1995), along with on-site evaluations to identify areas of 
hydric soils.  A map depicting the boundaries of each soil type is presented in Exhibit 4.1 and the 
major soil types are shown in Table 4.1.  The majority of the site is mapped as the Badin-Tarrus 
complex.  The Badin-Tarrus complex consists of well drained with moderately permeable soils.  
Slopes range from 8 to 15 percent and are moderately erodable.  Badin-Tarrus soils are typically 
found in ridges and hillslopes and in the western part of the county. Flooding is infrequent on these 
soils.  
The Dogue, Georgeville, and Mecklenburg series are mapped on small areas of the site.  Dogue soil is 
found on the northwestern corner of the project.  These soils are moderately well drained and have a 
moderately slow permeability.  They are typically found in low terraces.  Georgeville soils are found 
in a small area in the northwest section of the project area and in a large area in the eastern section of 
the project.  This is a well drained soil with moderate permeability.  They are typically found in 
ridges and hillslopes.   Mecklenburg soils area mapped in a small area in the northwestern section of 
the project area.  This is a well drained soil with slow permeability.  They are typically found in broad 
ridges.  No areas of hydric soil were identified in the project area. 
 

Table 4.1 
Project Soil Types and Descriptions (from Randolph County Soil Survey, USDA-NRCS, 1995) 

Soil Name Location Hydric List Description 

Badin-Tarrus Ridges and 
hillslopes 

- Well drained and moderately permeable with slopes from 8 to 15 
percent 

Dogue Low terraces        - Moderately well drained soils and moderately slow permeability 
with slopes from 2 to 6 percent 

Georgeville Ridges and 
hillslopes 

       - Well drained soil with moderate permeability with slopes from 8 
to 15 percent 

Mecklenburg Broad 
ridges 

       - Well drained soil with slow permeability with slopes from 8 to 15 
percent 

4.5 Land Use and Boundaries 
Land use within the project area consists of historic cattle pastures, agricultural fields, forested areas, 
and fallow fields being converted to native prairiegrass fields by the NCWRC.  The Mill Creek 
watershed is rural with adjacent land uses that include crop land, open land, forested areas, and some 
residential property.  High Pine Church Rd (SR 1143) bounds the project site on the northern portion 
of the property.  The western portion of the site is bounded by the Uwharrie River.  The eastern 
portion of the site is bounded by forested land and the Uwharrie National Forest bounds the project 
area to the south.  Lassiter Mill Rd (SR 1107) which runs north to south through the site, crosses 
through the project area and passes over Mill Creek and UT4.  An unpaved farm road crosses UT1 
through a culvert.   
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4.6 Endangered/Threatened Species 
Some populations of plants and animals are declining either as a result of natural forces or their 
difficulty competing with humans for resources.  Plants and animals with a federal classification of 
Endangered (E), Threatened (T), Proposed Endangered (PE), and Proposed Threatened (PT) are 
protected under the provisions of Section 7 and Section 9 of the Endangered Species Act of 1973.  
Federally classified species listed for Randolph County, and any likely impacts to these species as a 
result of the proposed project construction, are discussed in the following sections. 
Species that the U.S. Fish and Wildlife Service (USFWS) list under federal protection for Randolph 
County as of August 11, 2006 are listed in Table 4.2.  A brief description of the characteristics and 
habitat requirements of these species follow the table, along with a conclusion regarding potential 
project impact.  
Letters were sent to USFWS and NCWRC in October of 2006, requesting each agency comment on 
the proposed project.  No comments were received from the USFWS.  NCWRC responded that they 
“do not anticipate the project to result in significant adverse impacts to aquatic and terrestrial wildlife 
resources.”  Correspondence regarding Endangered/Threatened species is provided in Appendix B. 
 

Table 4.2 
Species Under Federal Protection in Randolph County  

Family Scientific 
Name 

Common 
Name 

Federal 
Status 

Date Listed State Status Habitat 
Present / 
Biological 
Conclusion 

Vertebrate 

Cyprinidae Notropis 
mekistocholas 

Cape Fear 
Shiner 

E 9-15-1987 E No /No effect 

Vascular Plants 

Asteraceae Helianthus 
schweinitzii 

Schweinitz’s 
Sunflower 

E 5-7-1991 E No/No Effect 

Notes: 

E An Endangered species is one whose continued existence as a viable component of the state’s flora or 
fauna is determined to be in jeopardy. 

T Threatened 
 

 

4.6.1 Federally Protected Species 

4.6.1.1 Vertebrates 
Cape Fear Shiner 

The Cape Fear shiner is a small minnow, rarely exceeding 2.4 inches in length.  It is a 
pale silvery yellow with a black stripe along each side.  The fins are yellow and pointed, 
the upper lip is black, and the lower lip has a thin black bar along its edge. 
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Water willow (Justicia americana) beds in flowing areas of creeks and rivers appear to 
be an essential element of the species’ habitat.  The Cape Fear shiner is found in clean, 
rocky streams over gravel, cobble, and boulder substrate, and is known to inhabit pools, 
riffles, and slow runs.  Juveniles are often found in slack water, among mid-stream rock 
outcrops, and in side channels and pools. 

Biological Conclusion: No Effect 
While the Cape Fear shiner is found in Randolph County, it is found in the Cape Fear, not 
the Yadkin/Pee-Dee Basin.  No suitable habitat exists for the Cape Fear shiner within the 
proposed restoration area.  Based upon the NHP’s database, checked on October 24, 
2006, no populations of this species have been reported in the project area.  Therefore, 
the proposed project is not anticipated to result in an adverse impact to this species.   

4.6.1.2 Vascular Plants 
Schweinitz’s Sunflower 

Schweinitz’s sunflower, usually 3 to 6 feet tall, is a perennial herb with one to several 
fuzzy purple stems growing from a cluster of carrot-like tuberous roots.  Leaves are 2 to 7 
inches long, 0.4 to 0.8 inch wide, lance-shaped, and usually opposite, with upper leaves 
alternate.  Leaves feel like felt on the underside and rough, like sandpaper, on the upper 
surface.  The edges of the leaves tend to curl under.  Flowers are yellow composites, and 
generally smaller than other sunflowers in North America.  Flowering and fruiting occur 
mid-September to frost.  This plant grows in clearings and along the edges of upland 
woods, thickets and pastures.  It is also found along roadsides, powerline clearings, old 
pastures, and woodland openings.  It prefers full sunlight or partial shade, but is intolerant 
of full shade.   

Biological Conclusion: No Effect 
Potential habitat for Schweinitz’s sunflower occurs along roadsides, power line right-of-
ways, and field edges throughout the project area.  The project study area was evaluated 
for potential Schweinitz’s sunflower habitat and extensive field surveys were performed 
on October 3, 2006, during the blooming season for the species.  No populations were 
found within the area of potential impact.  No populations of this species have been 
reported in the project area.  Therefore, the proposed project is not anticipated to result in 
an adverse impact to this species.   

4.6.2 Federal Species of Concern and State Status 
Federal Species of Concern (FSC) are not legally protected under the Endangered Species Act 
and are not subject to any of its provisions, including Section 7, until they are formally 
proposed or listed as Threatened or Endangered.  Table 4.3 includes FSC species listed for 
Randolph County and their state classifications.  Organisms that are listed as Endangered (E), 
Threatened (T), or Special Concern (SC) on the NHP list of Rare Plant and Animal Species are 
afforded state protection under the State Endangered Species Act and the North Carolina Plant 
Protection and Conservation Act of 1979.  However, the level of protection given to state-listed 
species does not apply to NCDENR EEP activities. 

Table 4.3 
Federal Species of Concern in Randolph County 

Scientific Name Common Name Federal Status State Status 
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Alasmidonta varicosa Brook Floater FSC E 

Fusconaia masoni Atlantic Pigtoe FSC E 
Lampsilis cariosa Yellow Lampmussel FSC E 

Toxolasma pullus Savannah Lilliput FSC E 

Villosa vaughaniana Carolina Creekshell FSC E 
Lotus helleri Carolina Birdfoot-trefoil FSC SR-T 
Etheostoma collis  Carolina Darter  FSC SC 

4.7 Cultural Resources 
Baker Engineering sent a letter on October 4, 2006 requesting that the North Carolina State Historic 
Preservation Office (HPO) review the potential for cultural resources in the vicinity of the Mill Creek 
restoration site.  A response was received on November 7, 2006 indicating that the HPO had reviewed 
the proposed project and was not aware of any historic resources which would be affected by the 
project.  A copy of the HPO correspondence is included in Appendix B.   

4.8 Potentially Hazardous Environmental Sites 

Baker Engineering obtained an Environmental Data Resources (EDR) Transaction Screen Map 
Report that identifies and maps real or potential hazardous environmental sites within the distance 
required by the American Society of Testing and Materials (ASTM) Transaction Screen Process (E 
1528-00).  A copy of the report with an overview map is included in Appendix C.  The overall 
environmental risk for this site was determined to be low.  Environmental sites including Superfund 
(National Priorities List, NPL); hazardous waste treatment, storage, or disposal facilities; the 
Comprehensive Environmental Response, Compensation, and Liability Act Information System 
(CERCLIS); suspect state hazardous waste, solid waste or landfill facilities were not identified by the 
report in the proposed project area.  
EDR did identify one leaking underground storage tank (LUST) on the Incident Management 
Database (IMD) on the project site.  A Notice of Violation (NOV) was not issued for this incident.  
However, a Notice of Regulatory Requirements (NORR) was issued for this incident. According to 
EDR, the removal of a home heating oil underground storage tank (UST) was completed.  The EDR 
report indicates that groundwater contamination was not detected, however soil contamination was 
confirmed. 
Ruth Ann Grissom (the current landowner) confirmed that there were three USTs, located on the 
property and all were removed in 2004.  One UST for heating oil was located on the southwest side of 
the house.  Two USTs, one for gasoline and one for diesel were located north of the outbuilding near 
the pasture.  All contaminated soil was removed from the site. 
 
It is concluded that the Mill Creek restoration project would not be adversely affected by the incident 
due to the proximity of the soil contamination to the construction limits or the conservation easement.   

4.9 Potential Constraints 
 
The Mill Creek project site was accessed in regards to potential fatal flaws and site constraints.  No 
constraints or fatal flaws have been identified during project design development. 



BAKER ENGINEERING 4-6 
MILL CREEK RESTORATION PLAN 

4.9.1 Property Ownership and Boundary  
NCEEP has entered into an Agreement for the acquisition of a conservation easement with the 
landowner of the Mill Creek Project: Amy Grissom and Amy Grissom, LLC.  The conservation 
easement (Exhibit 1.2) has been recorded at the Randolph County courthouse in Asheboro, NC.  
The Agreement allows NCEEP to proceed with the project and to restrict future land-use and 
development within the project corridors in perpetuity.     

4.9.2 Hydrologic Trespass 
Based on 2008 Federal Emergency Management Agency (FEMA) mapping, the project area 
bounded by the Uwharrie River is classified in Zone AE, and designated as a special flood 
hazard area inundated by the 100-year flood.  Base flood elevations have been determined for 
Zone AE areas.  The areas affected by Zone AE are: 

• Mill Creek from upstream of Lassiter Mill Road to the confluence with Uwharrie River 

• All of UT1 

• UT2 from the wetland area to the confluence 

• UT5 around the confluence 

• UT4 from Lassiter Mill Road to the confluence 

The surrounding unnamed tributaries are classified in Zone X, which are designated as areas 
with minimal flooding. 

4.9.3 Site Access 
Temporary access during construction for haul roads will need to be coordinated with the 
NCWRC to avoid areas currently planted with native prairiegrass.  Discussions with 
representatives with the NCWRC indicate additional vegetative plantings will be discontinued 
until construction activities are completed.  Permanent access to the stream corridors for post-
restoration monitoring should occur along existing NCDOT road right-of-ways (High Pine 
Church Rd and Lassiter Mill Rd).  Permanent access routes to UT2, UT8, MC3, and MC4 will 
have to be determined from continuing conversations with the landowner. 

4.9.4 Utilities 

No known utilities will be affected during construction activities.  

4.9.5 Threatened and Endangered Species 
Rare, threatened, and endangered species occurrences were examined as part of the existing 
conditions survey.  It is anticipated that no rare, threatened, or endangered species will be 
affected by this project. 

4.9.6 Cultural Resources 
No known cultural or archaeological sites are recorded within the property boundary.  It is 
anticipated that this project will have no impact on such sites. 

4.9.7 Farm Operations 
The Grissom parcels are not currently being used for agricultural purposes.   
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4.9.8 Soils 

Soils have been investigated and no constraints or fatal flaws were identified. 
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5.0 EXISTING WETLAND CONDITIONS 

5.1 Wetlands 
The proposed project area was reviewed for the presence of wetlands and waters of the United States 
in accordance with the provisions of Executive Order 11990, the Clean Water Act, and subsequent 
federal regulations.  Wetlands have been defined by the USACE as “those areas that are inundated or 
saturated by surface or ground water at a frequency and duration sufficient to support, and that under 
normal circumstances do support, a prevalence of vegetation typically adapted for life in saturated 
soil conditions.  Wetlands generally include swamps, marshes, bogs, and similar areas” (33 CFR 
328.3(b) and 40 CFR 230.3 (t)).  The project area was reviewed to determine the presence of wetlands 
by determining if the site exhibited one or more of the following wetland characteristics: 

1. Prevalence of hydrophytic vegetation. 
2. Permanent or periodic inundation or saturation. 
3. Hydric soils. 

5.1.1 Jurisdictional Wetland Findings 

Following an in-office review of the National Wetland Inventory (NWI) map, Natural Resource 
Conservation Service (NRCS) Soil Survey, and United States Geological Survey (USGS) Quadrangle 
map, a field survey of the project area was made to investigate the suspect areas and to delineate all 
wetlands and waters of the U. S.  The project area was examined utilizing the jurisdictional definition 
further detailed in the Corps of Engineers Wetlands Delineation Manual (Environmental Laboratory, 
1987).  Supplementary information to further support wetland determinations was found in the 
National List of Plant Species that Occur in Wetlands: Southeast (Region 2) (Reed, 1988).  

During initial site investigations, two potential jurisdictional wetlands were located on the project site.  
On September 20, 2006, Baker Engineering staff delineated the two potential wetland areas.  Both 
areas exhibited hydrological and vegetation characteristics of a wetland; however, the areas did not 
exhibit characteristics for wetland soils.  Primary indicators of wetland hydrology observed included 
inundation, saturated soils, water marks, and drainage patterns.  Secondary indicators noted included 
oxidized root channels, water-stained leaves, and positive facultative species (FAC)-neutral results.  
The percentage of hydrophytic vegetation at the site ranged from 60 to 68 percent, indicating a 
wetland system.  Soils at the site were listed by the Soil Survey of Randolph County as Mecklenburg 
clay loam and Badin –Tarrus complex.  Wetland delineation forms (provided in Appendix D) were 
completed for both areas and were field reviewed by the USACE.  The USACE representative found 
that the two potential areas did not exhibit hydric soils and therefore were not classified as 
jurisdictional wetlands.  The following paragraphs describe the two areas investigated within the 
project area that will be proposed creation sites, as described in Chapter 8.  

Wetland Creation Site 1 

Wetland creation site 1 is located within the bottom of a small breached pond in an agricultural 
field.  It is located on UT2, and is drained by a ditch that bypasses the natural drainage of the 
valley and is connected to Mill Creek above the confluence with the Uwharrie River. Water 
coming from upstream splays out across the area, resulting in long periods of inundation and 
soil saturation.  Vegetation within the area has been impacted by past cattle grazing.  The 
primary tree species in the area is willow oak (Quercus phellos), with herbaceous and 
understory vegetation including arrow arum (Peltandra virginica), golden rod (Solidago sp.), 
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sedge (Carex spp.), and soft rush (Juncus effusus).  During field assessments, the percentage of 
hydrophytic vegetation was 60 percent.  The soils were clay loams and were dark brown, with 
light reddish-brown mottles.  There were no hydric soil indicators present within the area.      

Wetland Creation Site 2 

Wetland creation site 2 is located on UT5 in the bottom of a small breached pond, and therefore 
is similar to creation site 1.  Herbaceous vegetation in the area is dominated by the same 
species listed for creation site 1; however, there are no tree species within creation site 2.  The 
percentage of hydrophytic vegetation at the site was 68 percent.  Soils were very dark brown 
clay loams, with dark yellowish-brown mottles.  There were no hydric soil indicators present 
within the area.      
 

5.2 Soils 
Based on information from the county soil survey, the primary soils found in the proposed wetland 
creation areas are Badin-Tarrus complex and Mecklenburg clay loam.  The Badin-Tarrus complex 
consists of well drained and moderately permeable soils found on slopes ranging from 8 to 15 
percent.  Badin-Tarrus soils are typically found on ridges and hillslopes in Randolph County and 
flooding is rare.  Mecklenburg clay loam soils are found on piedmont uplands, along broad ridges.  
This series is very well drained and has slow permeability.  Neither Badin-Tarrus nor Mecklenburg 
soils are considered hydric soils, and no hydric indicators were noted during on-site assessments.  

5.3 Climatic Conditions 
The average growing season (defined as the period in which temperatures are maintained above 28 
degrees Fahrenheit under average conditions) for Randolph County is 248 days long, beginning on 
March 16 and ending November 18.  Randolph County has an average annual rainfall of 42.62 inches 
(NRCS, 2007).  Rainfall data were collected for the monitoring period from the nearest automated 
weather station, located in Asheboro (Asheboro 2 W, NC COOP: 310286).  Monthly precipitation 
amounts from January 2006 through June 2007 are compared with Randolph County WETS table 
average monthly rainfall in Table 5.1.  These data indicate that over the monitoring period, rainfall 
was well below normal except during June and November 2006, when conditions were wetter than 
average, due to several large storms that passed through the area. 
 

Table 5.1 
Comparison of Monthly Rainfall Amounts for Project Site and Long-Term Averages 
Month-Year Observed Monthly Precipitation 

(in) 
WETS Table Average Monthly 

Precipitation (in) 
Deviation of Observed from 

Average (in) 
Jan-06   2.6 4.44 -1.84 
Feb-06   1.39 3.71 -2.32 
Mar-06   1.76 4.27 -2.51 
Apr-06   4.52 3.49 1.03 
May-06   2.37 4.25 -1.88 
Jun-06   7.85 3.97 3.88 
Jul-06 2.38 4.12 -1.74 
Aug-06 2.38 4.26 -1.88 
Sep-06 2.42 4.31 -1.89 
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Oct-06 3.33 3.59 -0.26 
Nov-06 6.03 3.16 2.87 
Dec-06 2.15 3.26 -1.11 
Jan-07 0.67 4.44 -3.77 

Feb-07 3.36 3.71 -0.35 

Mar-07 2.6 4.27 -1.67 

Apr-07 3.66 3.49 0.17 

May-07 0.71 4.25 -3.54 

Jun-07 3.09 3.97 -0.88 

Sum 53.27 67.96 -17.69 

 

5.4 Hydrology 
The hydrology of sections of UT2 and UT5 has been altered through the prior construction of a dam 
on each waterway (Exhibit 5.1).  The dams were constructed to create ponds to provide drinking 
water to livestock.  Although the dams have been breached, years of standing water has promoted the 
establishment of hydrophytic vegetation within each former pond. 
UT2 is located between UT1 (ditch) and UT5 in the northwestern portions of the property.  The 
waterway flows southwesterly across the site, passing through wetland creation site 1.  UT2 exits the 
pond and drains into a manmade constructed ditch through the adjacent floodplain before entering 
directly into Mill Creek near the Uwharrie River confluence.  The UT2 watershed is located entirely 
within the property.  UT5 originates between a former silage storage area and Lassiter Mill Rd.  The 
waterway flows southwest through wetland creation site 2 until its confluence with Mill Creek.  The 
UT5 watershed is also located entirely within the property.   
During October 2006, two groundwater monitoring wells were installed to monitor water table depth 
in the breached pond sites.  Well 1 was installed within creation site 1, and Well 2 was installed 
within creation site 2 (locations are shown in Exhibit 5.1).  The wells were located in areas where 
hydrology appeared to have been affected by water ponded upstream of the breached dams.    
Water table data were collected from the wells from October 2006 through June 2007.  During March 
2007, the well logger for Well 2 malfunctioned and data collected after this period is unreliable.  
During the period of monitoring, monthly rainfall amounts were well below normal.   
During most of the dormant season and early growing season, both well locations exhibited near 
constant saturation with surface ponding and little fluctuation in water levels.  This is due to the 
depressional nature of the areas, and water which is held back by the breached dams.  During May 
2007 on creation site 1, low rainfall and increased evapotranspiration losses resulted in increased 
water table depth and more fluctuation in the local water table in response to rainfall events.  Visual 
observations of conditions at creation site 2 indicate that near constant saturation has continued at this 
site through June 2007, most likely due to the increased drainage area that drains to creation site 2 
relative to creation site 1.   
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Figure 5.1 
Hydrographs of the Groundwater Monitoring Wells on the Mill Creek Site (October 2006 through 
June 2007). 
 
 
 
 

-20

-16

-12

-8

-4

0

4

10/15/06 11/14/06 12/14/06 1/13/07 2/12/07 3/14/07 4/13/07 5/13/07 6/12/07

Date

W
at

er
 T

ab
le

 D
ep

th
 (i

n)

Well #1 Well #2



BAKER ENGINEERING 6-1 
MILL CREEK RESTORATION PLAN 

6.0 STREAM CORRIDOR ASSESSMENT RESULTS 

6.1 Brief Reach Description 
For analysis and design purposes, Baker Engineering divided the Mill Creek project into twelve 
reaches.   Eleven reaches are located in the northern portions of the site and one reach is located in the 
southern portion. The reach locations are shown in Exhibit 1.2 and project lengths are provided in 
Table 6.1.  The reaches were numbered sequentially from west to east, with an “UT” designation for 
“Unnamed Tributary” (to either Mill Creek or the Uwharrie River) or as “MC” for sections of the 
mainstem of Mill Creek.  Livestock had access to UT1, UT2, UT4, UT5, UT6, and wetland creation 
sites 1 and 2 before their removal. 
One ditch (UT1) and two UT’s (UT2 & UT9) drain directly into the Uwharrie River.  UT1 enters the 
property from the north along High Pine Church Road, flows southwesterly across the property 
passing through a culvert before emptying into the Uwharrie River.  UT2 begins on the property to 
the southeast of UT1; it also flows southwesterly across the property, passing through a prior 
constructed pond.  The waterway exits the pond and flows into a constructed ditch that empties into 
Mill Creek near its confluence with the Uwharrie River.  UT9 originates on an adjacent parcel, flows 
in a general northwesterly direction, passing underneath Lassiter Mill Rd, and drains directly into the 
Uwharrie River downstream of the Mill Creek-Uwharrie River confluence. 
Mill Creek originates east of Lassiter Mill Rd.  Mill Creeks’ headwaters are located on an adjacent 
parcel east of the project boundaries.  Mill Creek flows in a general westerly direction across the 
property before passing through a culvert underneath Lassiter Mill Rd.   Three UT’s enter Mill Creek 
before it passes underneath Lassiter Mill Rd.  UT6 is a headwater stream that flows north to south, 
passing through a constructed pond before entering Mill Creek.  UT7 and UT8 are also headwater 
streams that originate within the property boundaries.  Both waterways flow south to north before 
their respective confluences with Mill Creek.  UT4 originates west of Lassiter Mill Rd, the waterway 
flows in a general south to north direction, passing underneath Lassiter Mill Rd, before its confluence 
with Mill Creek.  UT5 originates just west of Lassiter Mill Rd, flows southwesterly across the 
property, and passes through a constructed pond before entering Mill Creek. 
Based on the USGS topographic map, Mill Creek throughout the project area is depicted as a 
perennial blue-line stream.  UT4, UT6, UT7, UT8, UT9 and the lower reaches of UT 2 and UT5 
below the breached ponds are depicted as intermittent blue-line streams.   UT1 and the sections of 
UT2 and UT5 located above the constructed ponds are not designated on the USGS topographic map.  
Based on field evaluations of intermittent or perennial status, the stream channels were evaluated to 
determine if they were perennial streams (based on a minimum score of 30 for perennial streams and 
the presence of biological indicators), using the NCDWQ Determination of the Origin of Perennial 
Streams guidelines, the results are listed in Table 6.1, with stream forms presented in Appendix D.  
The total current length of streams to be restored, enhanced and preserved on the project site is 983 
LF, 4,859 LF, and 15,802 LF, respectively. 

6.2 Geomorphic Characterization and Channel Stability Assessment 

Baker Engineering performed general topographic and planimetric surveying of the project site and 
produced a contour map based on survey data in order to create plan set base mapping.  Watershed sizes 
were calculated at the terminus of each reach and are summarized in Table 6.1.  Geomorphic surveys 
were conducted on preservation stream reaches.  Cross-section surveys of the stream reaches were also 
performed to assess the current condition and overall stability of the channels.  Cross-section locations 
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are shown on Exhibit 5.1.  The following subsections summarize the survey results for all project 
reaches that are subject to either stream restoration or stream enhancement activities.  Table 6.2 
summarizes geomorphic data for project reaches that will be enhanced or restored.  Appendix E 
contains summaries of existing condition parameters, cross-section survey results and bed material 
distribution graphs for the site.  

Table 6.1 
 Reach Descriptions 
Reach Reach Length 

(linear feet) 
Watershed Size 
(square miles) 

NCDWQ  
Intermittent/ 

Perennial Stream  
Form Score 

MC1 2,214 1.32 38.5 – perennial 

MC2 998 1.10 41.25 – perennial 

MC3 785 0.79 31.25 – perennial 

MC4 1,485 0.53 30.25 – perennial 

UT1 1,799 0.05 6.75 – ephemeral 

UT2 
1,012 
875 0.08 

22.75 – intermittent 
32.75 – perennial 

UT4 
1,809 
541 

0.08 
20 – intermittent 

28.5 – intermittent 

UT5 
580 
620 

0.06 
19.25 – intermittent 

30.2 – perennial 

UT6 954 0.06 7.75 – ephemeral 

UT7 2,529 0.17 25.75 – intermittent 

UT8 2,003 0.08 17.25 – ephemeral 

UT9 5,239 0.49 30.75 – perennial 

6.2.1 MC1 Reach 
MC1 is the portion of Mill Creek located between Lassiter Mill Rd and the Uwharrie River 
(Exhibit 1.2).  As Mill Creek emerges from the culvert underneath Lassiter Mill Rd, the 
waterway surface drops approximately two and a half feet onto bedrock, due to a perched 72-
inch concrete culvert.  The upper reach of MC1 is mostly a cobble bed stream with a 
moderately defined riffle pool sequence.  However, riffles appear to dominate the upper reach 
of MC1.  A large amount of bedrock is present in this area, which prevents the stream from 
down cutting.  The channel is moderately incised and riparian vegetation is comprised mostly 
of large to small trees along the banks. Bank erosion throughout upper MC1 is low to moderate.  
The riparian vegetation zone is narrow on both sides of the stream. Upper MC1 flows through a 
former cattle pasture with a high, steep bank on the north side of the reach.  The south side of 
upper MC1 is relatively flat and low, the south side serves as the active floodplain for the upper 
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reach of Mill Creek.   MC1 is classified as a B3c/1 stream type (Rosgen, 1994).   The d50 of 
the channel bed material is small cobble.   

The lower reach of MC1 is mostly a cobble to gravel bed stream, with a finer substrate 
dominating near the confluence with the Uwharrie River.  Lower MC1 has a moderately 
defined riffle pool sequence.  A moderate amount of bedrock is present, preventing the stream 
from further incision.  The lower reach of MC1 also occurs in abandoned cattle pastures.  
Lower MC1 is moderately incised near UT5 and becomes highly incised as the waterway 
approaches the Uwharrie River.  Stream bank erosion throughout the lower reach of MC1 is 
moderate.  Riparian vegetation is comprised of large to small hardwood tree species and 
Chinese privet (Ligustrum sinense).  The riparian buffer on the north side of the stream is 
narrow (~5 to 15 ft) while the buffer on the southern side of lower MC1 is moderate (~20 to 50 
ft).   

According to cross-sectional measurements, MC1 is incised with an average bank height of 1.8.  
This value falls into the highly unstable range in Rosgen’s comparison of bank height ratio to 
vertical stability ranking.  Mill Creek is confined within the valley and displays low meander 
geometry.  These conditions generally lead to lateral instability over time; however, a low-flow 
regime and herbaceous vegetation on the banks have served to maintain some stability along 
this reach of MC1.   

6.2.2 UT1 Reach 
UT1 is a short, ephemeral, toe-of-the slope ditch with a relatively small drainage area.  UT1 is 
situated between a low, flat floodplain to the west and a high steep slope immediately east of 
the channel.  UT1 is forested to the east by mature deciduous tree species and by herbaceous 
vegetated to the west.  UT1 lacks distinct riffles and pools and functions primarily as a drainage 
ditch. Channel hydrology appears to be driven by rainfall and toe-of-the-slope drainage.  
Increasing side slopes as the waterway approaches the Uwharrie River have led to moderate 
bank erosion on the lower portion of the tributary.    A culvert conveys the flow from the lower 
portion of UT1 into the Uwharrie River.   

6.2.3 UT2 Reach 
UT2 is a relatively short reach in a moderately sloped valley with a small drainage area.  UT2 is 
confined within the valley in the upper reach and exhibits a small defined channel below a 
headcut that widens slightly throughout the reach until the channel enters a wetland area.  The 
channel fans out once it reaches the wetland and evenly flows to a low point where it enters a 
breach in the old dam.  Below the dam, the lower reach was diverted from its natural channel 
and merged with a man-made drainage ditch that discharges into Mill Creek.  The water source 
appears to be surface and ground water drainage from the surrounding hill slopes.  Both reaches 
of UT2 flow through a grass covered valley with randomly distributed trees on the upper reach 
of the tributary.  The breached pond portion of UT2 is forested to the east and is grass covered 
to the west.  The upper portion of the upper reach is slightly incised, and has poor bedform with 
undistinguishable riffles and pools.  UT2 classifies as a B5/1 stream type (Rosgen, 1994).  The 
d50 of the channel bed material classifies as very coarse sand.   

UT2 is incised with an average bank height of 1.7 in the surveyed cross-sections.  This value 
falls into the highly unstable range in Rosgen’s comparison of bank height ratio to vertical 
stability ranking.  The stream is confined within the valley and displays low meander geometry.  
These conditions generally lead to lateral instability over time; however, a low-flow regime and 
herbaceous vegetation on the banks along the reach have served to maintain some stability 
along the reach.   



BAKER ENGINEERING 6-4 
MILL CREEK RESTORATION PLAN 

6.2.4 UT4 Reach 
The enhancement section and lower reach of UT4 is the shortest reach in the project site. It is 
an intermittent channel and is located in a moderately sloped valley with a small drainage area.  
UT4 enters the project site through a culvert underneath Lassiter Mill Road.  The channel is 
moderately eroded at the culvert.  Erosion decreases with distance from the culvert.  The 
channel follows the natural valley until it enters Mill Creek.  Moderate bedform is found below 
the culvert with moderate riffle and pool sequences.  UT4 flows through a grass covered valley 
with small riparian trees.  UT4 classifies as an E4b stream type (Rosgen, 1994).  The d50 of the 
channel bed material classifies as very fine gravel.   

UT4 is incised with a bank height of 1.8 in the surveyed cross-section.  This value falls into the 
highly unstable range in Rosgen’s comparison of bank height ratio to vertical stability ranking.  
The stream is confined within the valley and displays low meander geometry.   

6.2.5 UT5 Reach 
UT5 is an additional relatively short reach in a moderately sloped valley with a small drainage 
area.  The upper reach of UT5 exhibits a small defined intermittent channel below a headcut, 
which widens slightly throughout the reach until the channel enters a breached pond area.  The 
channel is highly eroded with poor bedform above the breached pond area, as numerous 
drainage ditches enter UT5 from the hill slopes on both sides of the valley.  The upper reach 
follows the low point of the valley until it enters a breach in the old dam.  The channel enters a 
steep slope below the dam.  This change in elevation is halted by the channel contacting with 
bedrock. The lower reach of UT5 (below the breached dam) is highly eroded and incised below 
the dam until the channel merges with Mill Creek, at which point the erosion is reduced.  Poor 
bedform is found below the dam with poor riffle and pool sequences.  All of UT5 flows 
through a grass covered valley with a few small trees in the upper reach of the tributary.  The 
breached pond portion and the lower reach are composed of a relatively low number of large 
and small trees along the channel. UT5 classifies as a B4/1 stream type, however the incised 
lower reach of UT5 functions as a G channel (Rosgen, 1994). The d50 of the channel bed 
material classifies as fine gravel.   

UT5 is incised with an average bank height of 3.9 in the surveyed cross-sections.  This value 
falls into the highly unstable range in Rosgen’s comparison of bank height ratio to vertical 
stability ranking.  The stream displays low meander geometry due to it being confined within 
the valley.   
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6.3 Bankfull Verification 
The bankfull stage on Mill Creek and the tributaries were identified in the field; the indicators were a 
break in slope on a flat depositional feature, a high scour line, and the top of bank.  Vegetation trends 
were used as validation for this stage selection.  These indicators are consistent with other North 
Carolina rural Piedmont streams.  Bankfull data for the project reaches are compared with the rural 

Table 6.2  
Geomorphic Data for Mill Creek and Tributaries1 

Value 
 

Units Parameter 

MC12 UT13 UT2 UT4 UT52  

Bankfull Width (Wbkf) 25.3 N/A 7.15 5.3 5.1 Feet 
Bankfull Mean Depth (dbkf) 1.28 N/A 0.49 0.84 0.63 Feet 
Cross-Sectional Area (Abkf) 27.6 N/A 3.49 4.48 3.20 Square  

feet 
Width/Depth Ratio (W/D 
ratio) 19.8 N/A 14.66 6.34 8.04  

Bankfull Max Depth (dmbkf) 1.9 N/A 1.06 1.28 1.16 Feet 
Floodprone Area Width (Wfpa) 36.7 N/A 12.05 21.5 19.65 Feet 
Entrenchment Ratio (ER) 1.4 N/A 1.68 4.0 4.0  
Bank Height Ratio (BHR) 1.8 N/A 1.7 1.8 3.91  
Channel Materials 
(Particle Size Index – d50) 
 

Small 
Cobble  

Very 
coarse 
sand 

Fine 
gravel 

Fine 
gravel  

                                    d16 9.82 N/A 0.1 0.8 0.7 Millimeters 

d35 43.00 N/A 0.6 2.6 1.8 Millimeters 

d50 90 N/A 1.0 4.0 7.1 Millimeters 

                                    d84 >2048 N/A 5.2 10.3 14.5 Millimeters 

                                    d95 >2048 N/A 8.5 18.6 27.4 Millimeters 

Water Surface Slope (S) .0090 N/A .02514 .0290 .04324 Feet per  
foot 

Channel Sinuosity (K) 1.27 N/A 1.14 1.05 1.17  
Rosgen Stream Type B3c/1 N/A B5/1 E4b B4/1  
Notes:  

1. No geomorphic data was obtained for the streams that are recommended for preservation. 
2. More than one riffle cross-section was surveyed.  Values presented are averages. 
3. Limited survey data acquired; ephemeral channel will be filled in with excess material from site. 
4. Water surface slopes along the sections to be restored. 
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North Carolina Piedmont Regional Curve in Exhibit 6.1.  The project’s bankfull cross-sectional areas 
consistently fall within the 95 percent confidence intervals for the rural Piedmont Regional Curve, 
indicating that bankfull stage was adequately identified.  Regional curve equations developed from 
the North Carolina rural Piedmont study are provided in Table 6.3. 
One active USGS gauge is located near the project site: the Dutchman’s Creek gauge (USGS Gauge 
Number 02123567) is located approximately 10 miles downstream from the project site, as shown in 
Exhibit 6.2.  The watershed size at the gauge is 3.44 square miles.  The gauge is located immediately 
upstream of two 72-inch CMP culverts under River Road which likely cause backwater at the 
bankfull stage.  Due to this condition, the typical straight line projection of bankfull elevation through 
the gauge was not used.  Baker performed a survey at the gauge and prepared a HEC-RAS hydraulic 
model using the survey data on a previous project for NCEEP (UT to Barnes).  A hypothetical flow 
corresponding to the bankfull elevation upstream of the gauge was routed through the gauge station 
and related to the gauge plate height.  Using the USGS gauge rating table, a discharge of 215 cfs was 
established for the bankfull stage.  The primary bankfull indicators at this site were a break in slope in 
the bank and a bench feature.   
The computer program PEAKFQ was used to perform a log-Pearson Type III flood frequency 
analysis on the 18 years of peak flow record for the gauge.  This flood frequency analysis indicated 
that a 215-cfs event has a recurrence interval of approximately 1.3 years at this site on Dutchman’s 
Creek.  This recurrence interval of 1.3 years is close to the average value of 1.5 years observed for 
many streams and within the accepted range of one to two years.   
The Dutchman’s Creek discharge data were plotted on the regional curve along with the bankfull 
discharges predicted using Manning’s equation with the surveyed channel geometry for Mill Creek, 
the unnamed tributaries, and the reference reaches.  As shown in Exhibit 6.1, all of the values fall 
within the 95% confidence limits of the rural Piedmont regional curve.   

 
Table 6.3 
NC Rural Piedmont Regional Curve Equations. 

North Carolina Rural Piedmont Regional Curve Equations 

NCSU Data (Harman et al, 1999) 
Qbkf  =  66.57 Aw 

0.89                          R2=0.97 
Abkf  =  21.43 Aw 

0.68  R2=0.95 
Wbkf  = 11.89 Aw 

0.43  R2=0.81 
Dbkf   = 1.5 Aw 

0.32  R2=0.88 
 

6.4 Stream Reference Site 
The Mickey stream reference site is located in Surry County, approximately thirteen miles northwest 
of the town of Elkin, North Carolina, and approximately eighty miles northwest of the project site 
(Exhibit 6.3).  The site is near the community of Devotion with a drainage area of 0.45 mi2 (Exhibit 
6.4) and is a past stream restoration project that has been stable for almost five years.  This system 
and the streams to be restored both have steep slopes, small drainage areas, and flow into larger river 
systems.  The Mickey Reach is vertically and horizontally stable, has several points of aeration in the 
form of riffles and rock and woody debris jams, and shows excellent habitat potential. The upstream 
section of the Mickey Reach was restored within 20- to 30- year old forest and the downstream 
section was restored within pastureland, which can be viewed on the reference site soils map (Exhibit 
6.5).  The vegetation along the entire Mickey reach is flourishing. 
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Field surveys of the reference site were conducted in early spring, 2002.  The site has been surveyed 
on a yearly basis since the original survey to evaluate any changes on the site.  It was determined 
during a site visit in December of 2006 that the site has had more than 10 bankfull events while 
remaining stable and is therefore a viable reference site.  Survey data were used to evaluate the 
natural channel parameters describing the dimension, pattern, and profile of the stream.  Natural 
channel design parameters are summarized in Appendix F.   
The reference stream is classified as a “B4” channel using the Rosgen Stream Classification System 
(Rosgen, 1994).  Longitudinal profile and cross-sections are presented in Appendix G. “B” type 
channels are more typical of higher gradient cobble/gravel-bed stream systems that are found in 
highly dissected fluvial valleys.  “B” type streams typically form a series of steps with irregularly 
spaced pools and do not transport a high amount of sediment. The “4” indicates that the stream is a 
gravel-bed system.  Median particle size of the bed material is approximately 35 mm (see Appendix 
G for particle size distribution data).   The reference reach stream has appropriate bed features for a 
gravel-bed system, with shallow pools in the meander bends, and deeper pools formed by scour 
features such as roots and debris jams. 

6.4.1 Reference Stream Vegetation 
The reference stream is well buffered along both stream banks, with tree species that include 
sweet gum (Liquidambar styraciflua), red maple (Acer rubrum), willow oak (Quercus phellos), 
water oak (Quercus nigra), swamp chestnut oak (Quercus michauxii), and green ash (Fraxinus 
pennsylvanica).  The small tree/shrub layer is dominated by sweetbay magnolia (Magnolia 
virginiana), American holly (Ilex opaca), sugarberry saplings (Celtis laevigata), giant cane 
(Arundinaria gigantea), elderberry (Sambucus canadensis), coastal doghobble (Leucothoe 
axillaris), sweet pepperbush (Clethra alnifolia), beautyberry (Callicarpa americana), and 
blackberry (Rubus spp.).   The herb and vine strata contain false nettle (Boehmeria cylindrica), 
jewel-weed (Impatiens capensis), cinnamon fern (Osmunda cinnamomea), sensitive fern 
(Onoclea sensibilis), green-briar (Smilax spp.), Virginia creeper (Parthenocissus quinquefolia), 
grape (Vitis spp.), poison ivy (Toxicodendron radicans), and honeysuckle (Lonicera japonica).    
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7.0 STREAM RESTORATION  

7.1 Restoration Benefits 
The Mill Creek mitigation site provides a unique opportunity for a more comprehensive ecosystem 
rehabilitation approach than is possible with “typical” stream and wetland restoration projects.    In 
addition to the 124.35 acres being protected by the NCEEP conservation easement, the EQUIP 
Project will transform and protect approximately 100 additional acres of previously farmed or grazed 
land which surrounds the NCEEP stream buffer easement boundaries.  The inclusion of the EQUIP 
native Piedmont prairie-grass restoration project will allow for the recreation of an almost extinct 
North Carolina landscape form while protecting existing headwater streams systems. 
The restoration component of the proposed project (the area located west of Lassiter Mill Rd) is 
composed of approximately 79 percent perennial streams and 21 percent intermittent/ephemeral 
streams, which is in line with current NCEEP guidelines regarding perennial/intermittent mitigation 
credits generated from a potential stream site.  However, due to, the inclusion of 15,802 linear ft of 
stream preservation (located primarily east of Lassiter Mill Rd) the total perennial/intermittent ratio 
for the site falls short of that typically required for mitigation sites (approximately 52/48 
perennial/intermittent).   
The preservation areas provide substantial linear feet of perennial as well as additional intermittent 
and ephemeral streams that are not typically protected under current NCEEP guidelines.  Besides the 
acquisition costs for the conservation easement, the preservation areas do not require additional 
resources be allocated for fencing, cattle crossings, vegetation plantings, stream design, construction, 
etc.  Stream credits generated in the preservation areas are acquired as a result of portions of the 
property being placed under easement.  Failure to take advantage of the opportunities presented by 
this preservation opportunity to meet a 80/20 perennial/intermittent ratio requirement would miss the 
opportunity to extend and protect the project limits and prevent future development within the 
headwater areas of the Mill Creek project.  The relatively low costs associated with the easements, in 
addition to the significance of preserving such a large area, would appear to merit their inclusion in 
the project no matter their affect on the stream ratios.   
The combination of the NCEEP and EQUIP programs allows for more of the watershed to be 
protected, increasing the habitat restoration opportunities that exist by removing the threat of 
development within the uplands surrounding the NCEEP conservation easement boundaries.  Water 
quality benefits such as additional water retention, agricultural and nutrient pollutant removal will 
also be achieved, as will the ecological benefits of increasing habitat diversity in the watershed.  This 
combination of stream restoration/enhancement, restored prairie, and preserved land will provide a 
large, unfenced natural area with a complex habitat network that will be permanently protected 
through conservation easements greatly enhancing the Mill Creek project as a NCEEP mitigation site. 

7.2 Constraints 
Potential obstacles to construction activities may be the location of temporary haul roads needed 
during construction be located within the projects “limits of disturbance” because the property is also 
in the process of being converted from fallow agricultural/livestock field to native prairiegrass fields.  
A power line easement (Randolph EMC) runs along the NCDOT right of way on High Pine Church 
Road and Lassiter Mill Road.  The power line easements contain small feeder lines to individual 
residential homes.  Since the power lines and water lines are close to the road right of way and away 
from the stream project, vegetation planted should not interfere with the power lines or the water 
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lines.  Species planting may have to be modified around wires used to stabilize utility poles along 
Lassiter Mill Rd and UT4.  There are no other known or foreseen constraints at the site associated 
with structure and/or infrastructure encroachments.   

7.3 Design 
After examining the assessment data collected at the site and exploring the site’s potential for 
restoration, an approach to the project reaches was developed.  First, an appropriate stream type for 
the valley type was selected.  Based on the channel evolution sequence ascribed to the stream after 
examination of existing conditions survey data and other field observations, as well as conditions 
observed on reference streams under similar conditions the project design stream types were further 
refined.  Available belt width and channel incision were considered as well.  The proposed stream 
types and approaches for the project are summarized in Table 7.1.  The existing conditions and design 
criteria of the project reaches are provided in Tables 7.2a and 7.2b. 

Table 7.1 
Project Design Stream Types  
Reach Restored 

Stream Type 
Rationale 

MC1 B3c/1 Enhancement I-benching, in-stream structures, and planting vegetation will alleviate some 
of the stresses upon MC1’s dimension; pattern will not change.  The profile is bedrock 
controlled and the pattern is confined within the valley. Benching in areas where bank 
height ratios are highly unstable will lower the nearbank shear stresses. 
Enhancement II- planting riparian buffer will alleviate erosion along the upper portion of 
MC1. 

UT1 N/A Reach is an agriculturally dug ditch at the toe of the slope.  The top 600’ of the ditch can be 
filled with excess material from the excess fill generated from UT2 to reduce erosion at the 
top of the reach.  

UT2 
 

B5/1 Wetland Creation - old breached pond remains saturated throughout the year.  The 
breached dam will be excavated such that the wetland remains hydrologically connected. 
Restoration - downstream of the wetland (~450’) will be restored to a B stream type with a 
functioning floodplain (Rosgen Priority Level 2 approach) and a shallow channel (~425’) 
will be cut through the wetland creation area to allow water to saturate the entire area 
during the drier months of the year.  
Enhancement II - a riparian buffer will be planted upstream of the wetland.  

UT4 E4b Enhancement II - a riparian buffer will be planted. 
UT5 B4/1 Wetland Creation - old breached pond remains saturated throughout the year. The breached 

dam will be excavated such that the wetland remains hydrologically connected. 
Restoration - below the wetland, ~125’ of stream will be restored to a B stream type with a 
functioning floodplain (Rosgen Priority Level 2 approach). 
Enhancement II-benching (downstream of restoration), and planting vegetation (throughout 
UT5) will alleviate erosion; and pattern will not change.  The profile is bedrock controlled 
and the pattern is confined within the valley. Benching in areas where bankheight ratios are 
highly unstable will lower the nearbank shear stresses. 

UT6 N/A Preservation-Approx. 954’ of stream will be preserved. 
UT7 N/A Preservation-Approx. 2,529’ of stream will be preserved. 
UT8 N/A Preservation-Approx. 2,003’ of stream will be preserved. 
UT9 N/A Preservation-Approx. 5,000’ of stream will be preserved. 
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Table 7.1 
Project Design Stream Types  
Reach Restored 

Stream Type 
Rationale 

MC2 N/A Preservation-Approx. 998’ of stream will be preserved. 
MC3 N/A Preservation-Approx. 687’of stream will be preserved. 
MC4 N/A Preservation-Approx. 1,443’ of stream will be preserved. 
All 
Reaches 

N/A Riparian buffers at least 50 feet in width will be established along all stream reaches.  All 
buffer areas will be protected by a perpetual conservation easement. 

 
Table 7.2a  
Existing Conditions and Design Parameters for Project Reaches 

Mill Creek Project1,2 
MC1  

Enhancement I  
MC1  

Enhancement  I   
UT2 

    Restoration   
UT2  

Restoration   

  
Existing  

Stream Values3 
Design 

 Stream Values 
Existing    

Stream Values4  
Design     

Stream Values 
Parameter MIN MAX MIN MAX MIN MAX MIN MAX 

Rationale 

Stream Length (ft) 1,460 1,460 1,703 5 875   

Drainage Area, DA (sq 
mi) 1.33 1.33 0.08 0.08   
Stream Type (Rosgen) B3c/1 B3c/1 B5/1 B5/1 Note 1 
Bankfull Discharge,  
Qbkf (cfs) 70.42 70.42 8.4 8.4 Note 2 
Bankfull Riffle XSEC 
Area, Abkf (sq ft) 27.6 27.6 27.6 27.6 3.5 3.5 3.8 3.8   
Bankfull Mean Velocity,  
Vbkf (ft/s) 2.6 2.6 2.4 2.2 V=QA 
Bankfull Riffle Width,  
Wbkf (ft) 25.3 18.2 20.3 7.2 6.8 7.5  
Bankfull Riffle Mean 
Depth, Dbkf (ft) 1.3 1.4 1.5 0.5 0.5 0.6 D=A/W 
Width to Depth Ratio,  
W/D (ft/ft) 19.8 12.0 15.0 14.7 12.0 15.0 Note 3 
Width Floodprone Area,  
Wfpa (ft) 36.7 25 40 12.1 15 25   
Entrenchment Ratio,  
Wfpa/Wbkf (ft/ft) 1.4 1.4 2.0 1.7 2.2 3.3 Note 4 
Riffle Max Depth @ bkf,  
Dmax (ft) 1.9 1.7 2.1 1.1 0.6 0.8   
Riffle Max Depth Ratio, 
 Dmax/Dbkf 1.5 1.2 1.4 0.5 1.2 1.4 Note 5 

Max Depth @ tob,  
Dmaxtob (ft) 3.4 1.7 2.3 1.8 0.6 0.9   

Bank Height Ratio,  
Dtob/Dmax (ft/ft) 1.8 1.0 1.1 1.7 1.0 1.1 Note 6 

Meander Length, Lm (ft) --- --- --- --- Note 7 
Meander Length Ratio, 
 Lm/Wbkf  --- --- --- --- Note 7 

Radius of Curvature,  
Rc (ft) --- --- --- --- Note 7 

Rc Ratio, Rc/Wbkf  --- --- --- --- Note 7 

Belt Width, Wblt (ft) --- --- --- --- Note 7 
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Table 7.2a  
Existing Conditions and Design Parameters for Project Reaches 

Mill Creek Project1,2 
MC1  

Enhancement I  
MC1  

Enhancement  I   
UT2 

    Restoration   
UT2  

Restoration   

  
Existing  

Stream Values3 
Design 

 Stream Values 
Existing    

Stream Values4  
Design     

Stream Values 
Parameter MIN MAX MIN MAX MIN MAX MIN MAX 

Rationale 

Meander Width Ratio,  
Wblt/Wbkf  --- --- --- --- Note 7 

Sinuosity, K 1.27 1.27 1.14 1.14   
Valley Slope, 
 Sval (ft/ft) 0.0115 0.0115 0.0251 0.0251   
Channel Slope,  
Schan (ft/ft) 0.0090 0.0090 0.0140 0.0140   
Slope Riffle,  
Srif (ft/ft) --- 0.0099 0.0162 --- 0.0154 0.0252   

Riffle Slope Ratio,  
Srif /Schan --- 1.1 1.8 --- 1.1 1.8 Note 5 

Slope Pool, 
Spool (ft/ft) --- 0.0001 0.0023 --- 0.0001 0.0035   

Pool Slope Ratio,  
Spool/Schan --- 0.01 0.25 --- 0.01 0.25 Note 5 

Pool Max Depth,  
Dmaxpool (ft) --- 2.8 4.5 --- 1.0 1.8   
Pool Max Depth Ratio,  
Dmaxpool/Dbkf --- 2.0 3.0 --- 2.0 3.0 Note 5 

Pool Width, Wpool (ft) --- 20.0 30.5 --- 7.4 11.3   
Pool Width Ratio,  
Wpool/Wbkf --- 1.1 1.5 --- 1.1 1.5 Note 8 
Pool-Pool Spacing,  
Lps (ft) --- 27.3 101.7 --- 10.1 37.7   
Pool-Pool Spacing Ratio, 
 Lps/Wbkf --- 1.5 5.0 --- 1.5 5.0 Note 5 

d16 (mm) 9.82 9.82 0.1 0.1   
d35 (mm) 43.00 43.00 0.6 0.6   
d50 (mm) 90.00 90.00 1.0 1.0   
d84 (mm) >2048 >2048 5.2 5.2   
d95 (mm) >2048 >2048 8.5 8.5   
 
Footnotes: 
1. Denotes that UT4 only has Enhancement II (541') and Preservation (1,809). 
2. Reaches UT6 (954'), UT7 (2,529'), UT8 (2,003'), UT9 (5,239'), MC2 (998'), MC3 (785'), and MC4 (1,485') 
are all Preservation Reaches. 
3. Denotes that MC1 also has an Enhancement II Reach (754') that only consists of buffer planting. 
4. Denotes that UT2 also has an Enhancement II Reach (1,012') that only consists of buffer planting. 
5. Existing channel is a toe of slope channel that drains into Mill Creek.  The design is to restore the original 
drainage back into Uwharrie River. 
6. Denotes that UT5 also has an Enhancement II Reach (842') that only consists of buffer planting. 
7. The existing channel is the section that has breached the dam and is cutting into the hillslope.  The design is 
to restore the original drainage pattern with the valley. 
 
Rationale Notes: 
1. A B stream type is appropriate for steeply sloped channels (generally greater than 0.02), with steep 
fluvially dissected valleys.  
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2. Bankfull discharge was estimated using Manning’s equation. 
3. A final W/D ratio was selected based on relationships of W/D ratio to slope in NC Piedmont reference 
reach streams, in-house composite ratios, as well as sediment transport analyses. 
4.  Required for stream classification. 
5.  This ratio was based on past project evaluation of similar B type design channels. 
6.  A bank height ratio near 1.0 ensures that all flows greater than bankfull will spread onto a floodplain.  This 
minimizes shear stress in the channel and maximizes floodplain functionality resulting in lower risk of 
channel instability. 
7.  Parameters were not derived since the channels are relatively straight (low sinuosity) and are confined 
with in the valley.  
8.  Values were chosen based on reference reach database analysis and past project evaluation.  It is more 
conservative to design a pool wider than the riffle.  Over time, the pool width may narrow, which is a positive 
evolutionary step. 
 
 
Table 7.2b  
Existing Conditions and Design Parameters for Project Reaches 

Mill Creek Project1,2 UT5 Restoration   UT5 Restoration   

  
Existing  

Stream Values6 
Design  

Stream Values 
Parameter MIN MAX MIN MAX 

Rationale 

Stream Length (ft) 2007 125   

Drainage Area, DA (sq mi) 0.06 0.06   
Stream Type (Rosgen) B4/1 B4/1 Note 1 
Bankfull Discharge, Qbkf (cfs) 9.6 9.6 Note 2 
Bankfull Riffle XSEC Area, Abkf (sq ft) 3.1 3.1 3.8 3.8   
Bankfull Mean Velocity, Vbkf (ft/s) 2.5 2.5 V=QA 
Bankfull Riffle Width, Wbkf (ft) 4.9 6.8 7.5   
Bankfull Riffle Mean Depth, Dbkf (ft) 0.6 0.5 0.6 D=A/W 
Width to Depth Ratio, W/D (ft/ft) 7.8 12.0 15.0 Note 3 
Width Floodprone Area, Wfpa (ft) 32.5 15 30   
Entrenchment Ratio, Wfpa/Wbkf (ft/ft) 4.0 2.2 4.0 Note 4 
Riffle Max Depth @ bkf, Dmax (ft) 1.4 0.6 0.8   
Riffle Max Depth Ratio, Dmax/Dbkf 2.3 1.2 1.4 Note 5 
Max Depth @ tob, Dmaxtob (ft) 2.2 0.6 0.9   
Bank Height Ratio, Dtob/Dmax (ft/ft) 1.5 1.0 1.1 Note 6 
Meander Length, Lm (ft) --- --- Note 7 
Meander Length Ratio, Lm/Wbkf  --- --- Note 7 
Radius of Curvature, Rc (ft) --- --- Note 7 
Rc Ratio, Rc/Wbkf  --- --- Note 7 
Belt Width, Wblt (ft) --- --- Note 7 
Meander Width Ratio, Wblt/Wbkf  --- --- Note 7 
Sinuosity, K 1.17 1.17   
Valley Slope, Sval (ft/ft) 0.0381 0.0381   
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Table 7.2b  
Existing Conditions and Design Parameters for Project Reaches 

Mill Creek Project1,2 UT5 Restoration   UT5 Restoration   

  
Existing  

Stream Values6 
Design  

Stream Values 
Parameter MIN MAX MIN MAX 

Rationale 

Channel Slope, Schan (ft/ft) 0.0325 0.0325   
Slope Riffle, Srif (ft/ft) --- 0.0358 0.0585   
Riffle Slope Ratio, Srif/Schan --- 1.1 1.8 Note 5 
Slope Pool, Spool (ft/ft) --- 0.0003 0.0081   
Pool Slope Ratio, Spool/Schan --- 0.01 0.25 Note 5 
Pool Max Depth, Dmaxpool (ft) --- 1.0 1.8   
Pool Max Depth Ratio, Dmaxpool/Dbkf --- 2.0 3.0 Note 5 
Pool Width, Wpool (ft) --- 7.4 11.3   
Pool Width Ratio, Wpool/Wbkf --- 1.1 1.5 Note 8 
Pool-Pool Spacing, Lps (ft) --- 10.1 37.7   
Pool-Pool Spacing Ratio, Lps/Wbkf --- 1.5 5.0 Note 5 
d16 (mm) 0.7 0.7   
d35 (mm) 1.8 1.8   
d50 (mm) 7.1 7.1   
d84 (mm) 14.5 14.5   
d95 (mm) 27.4 27.4   
Footnotes: 
1. Denotes that UT4 only has Enhancement II (541') and Preservation (1,809). 
2. Reaches UT6 (954'), UT7 (2,529'), UT8 (2,003'), UT9 (5,239'), MC2 (998'), MC3 (785'), and MC4 (1,485') 
are all Preservation Reaches. 
3. Denotes that MC1 also has an Enhancement II Reach (754') that only consists of buffer planting. 
4. Denotes that UT2 also has an Enhancement II Reach (1,012') that only consists of buffer planting. 
5. Existing channel is a toe of slope channel that drains into Mill Creek.  The design is to restore the original 
drainage back into Uwharrie River. 
6. Denotes that UT5 also has an Enhancement II Reach (842') that only consists of buffer planting. 
7. The existing channel is the section that has breached the dam and is cutting into the hillslope.  The design is 
to restore the original drainage pattern with the valley. 
 
Rationale Notes: 
1. A B stream type is appropriate for steeply sloped channels (generally greater than 0.02), with steep 
fluvially dissected valleys.  
2. Bankfull discharge was estimated using Manning’s equation. 
3. A final W/D ratio was selected based on relationships of W/D ratio to slope in NC Piedmont reference 
reach streams, in-house composite ratios, as well as sediment transport analyses. 
4.  Required for stream classification. 
5.  This ratio was based on past project evaluation of similar B type design channels. 
6.  A bank height ratio near 1.0 ensures that all flows greater than bankfull will spread onto a floodplain.  This 
minimizes shear stress in the channel and maximizes floodplain functionality resulting in lower risk of 
channel instability. 
7.  Parameters were not derived since the channels are relatively straight (low sinuosity) and are confined 
with in the valley.  
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8.  Values were chosen based on reference reach database analysis and past project evaluation.  It is more 
conservative to design a pool wider than the riffle.  Over time, the pool width may narrow, which is a positive 
evolutionary step. 

7.4 Design Criteria Selection  
Selection of natural channel design criteria is based on a combination of approaches, including review 
of reference reach databases, regime equations, and evaluation of results from past projects, as 
discussed in Section 2.5.   
Selection of a general restoration approach was the first step in selecting design criteria for the 
streams on the Mill Creek site.  The approach was based on each reach’s potential for restoration as 
determined during the site assessment.  After selection of the general restoration approach, specific 
design criteria were developed so that each reach’s plan view layout, cross-section dimensions, and 
profile could be described for the purpose of developing construction documents. 
 

7.4.1 Reference Reach Survey  
As discussed in Section 6.4, a stream reference reach was identified and surveyed 
approximately 80 miles northeast of the project site.  The Mickey Reach site is an example of a 
reference quality B4 channel under similar geomorphological conditions as the project site.    
Specific natural channel parameters are provided in Appendix F. 

7.4.2 Reference Reach Database 
An internal reference reach database has been developed by Baker Engineering for the 
evaluation of reference reach parameters from multiple sites within a geographic area.  The 
database includes three B type reference reaches, in addition to the Mickey reference reach, that 
were surveyed in the Piedmont and have been used for design purposes on other projects.  
Collectively, the data provide valuable information regarding the range of conditions 
documented for similar stream systems.   

7.4.3 Design Criteria Selection Method 
Specific design parameters were developed using a combination of reference reach data, past 
project experiences, and best professional judgment.  The design philosophy at the Mill Creek 
site is to use conservative values for the selected stream types and to allow natural variability in 
stream dimension, facet slope, and bed features to form over long periods of time under the 
processes of flooding, re-colonization of vegetation, and watershed influences. 

7.5 Sediment Transport 
Shear stress and stream power relationships were only generated for reaches that would be restored 
(lower reaches of UT2 and UT5) within the project.  UT2 and UT5 reaches have median particle sizes 
that result in their classification as small gravel, and coarse sand bed streams, respectively.  While 
these median particle sizes indicate some diversity, the overall composition is fairly similar.  Each of 
the streams has 50% to 60% sand, 30% to 50% gravel, and less than 10% cobble/bedrock as bed 
substrate.  In isolated locations, coarse material and bedrock in riffles appears to control grade.  The 
streams also receive significant quantities of fine materials from both bank erosion and contributions 
from the upstream catchment.  While restoration of the channel will reduce localized bank erosion, 
the channel will still need to transport the fine materials from upstream sources.  In sand bed streams, 
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sediment transport capacity is a critical analysis, whereas in gravel bed streams, sediment transport 
competency is a critical analysis.  Since the design reaches must transport both sand and gravel sized 
particles, both capacity and competency were analyzed. 
Sediment transport capacity, measured as unit stream power (W/m2) as discussed in Section 2.6, was 
compared for the existing stream channels and the design conditions.  Table 7.2 shows bankfull 
boundary shear stress and stream power values for existing and design conditions.  Stream power 
values for the existing and design conditions all compare well to values for similar streams and valley 
types described by Bledsoe et al (2002).  
Sediment transport competency is measured in terms of the relationship between critical and actual 
depth at a given slope and occurs when the critical depth produces enough shear stress to move the 
largest (d100) subpavement particle.  As shown in Table 7.2, UT2 and UT5 have design depths greater 
than the critical depth which may indicate the tendency to degrade.  The concern for degradation will 
be addressed by grade control structures which will be installed as discussed in Section 7.4.  As a 
second check of sediment transport competency, boundary shear stress was plotted on Shield’s Curve 
(as discussed in Section 2.6.3) to estimate the largest moveable particle.  In both streams, as shown in 
Table 7.3, the Shield’s Curve predicts the mobility of particles larger than the d100 observed in the 
subpavement.  Both of these sediment transport competency analyses confirm the ability of the design 
channel to transport the coarse sediment load. 

TABLE 7.3 
Boundary Shear Stresses and Stream Power for Existing and Proposed Conditions of UT2 and UT5 

Value 
Parameter UT2 Existing 

Conditions 
UT2 Proposed 

Conditions 
UT5 Existing 
Conditions 

UT5 Proposed 
Conditions 

Bankfull Discharge, Q (cfs) 8.4 8.4 9.6 9.6 

Bankfull Area (square feet) 3.5 3.8 3.1 3.8 

Mean Bankfull Velocity (cfs) 2.4 2.2 2.5 2.5 

Bankfull Width, W (feet) 7.2 7.1 4.9 6.8 

Bankfull Mean Depth, D (feet) 0.5 0.5 0.6 0.6 

Width to Depth Ratio, w/d (feet/ foot) 14.7 13.4 7.8 12 

Wetted Perimeter (feet) 8.3 8.2 8.0 7.9 

Hydraulic Radius, R (feet) 0.4 0.5 0.4 0.5 

Channel Slope (feet/ foot) 0.0251 0.0251 .0325 .0450 

Boundary Shear Stress, τ (lbs/ft2) 0.37 0.4 0.79 1.35 

Subpavement D100 (mm) 20 20 25 25 

Largest Moveable Particle (mm) per  
Modified Shield’s Curve 

60 – 80 60 – 80 100 – 150 150 – 202 

Critical Depth (feet) 0.20 0.20 0.13 0.10 

Critical Slope (feet/ foot) .0050 0.0051 .0071 .0076 
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TABLE 7.3 
Boundary Shear Stresses and Stream Power for Existing and Proposed Conditions of UT2 and UT5 

Value 
Parameter UT2 Existing 

Conditions 
UT2 Proposed 

Conditions 
UT5 Existing 
Conditions 

UT5 Proposed 
Conditions 

Stream Power (W/m2) 11.1 11.1 58.1 58.4 

7.6 In-Stream Structures 
A variety of in-stream structures are proposed for the project reaches.  Structures such as root wads, 
constructed riffles, cross vanes, rock vanes, step pools, and wing deflectors will be used to stabilize 
the newly-restored and enhanced streams.  Table 7.4 summarizes the use of in-stream structures at the 
site. 
   

Table 7.4  
In-stream Structure Types and Locations 
Structure Type Location 

Root wads MC1 
Constructed riffles UT2 and UT5 
Cross vanes UT2 and UT5 
Rock vanes MC1 
Single wing deflectors  MC1 
Double wing deflectors MC1 
Step pools UT2 and UT5 
Cover logs MC1 

7.6.1 Root Wads 
Root wads are placed at the toe of the stream bank along the outside of meander bends for the 
creation of habitat and for stream bank protection.  Root wads include the root mass or root ball 
of a tree plus a portion of the trunk.  They are used to armor a stream bank by deflecting stream 
flows away from the bank.  In addition to stream bank protection, they provide structural 
support to the stream bank and habitat for fish and other aquatic animals.  They also serve as a 
food source for aquatic insects.  Root wads will be placed along Mill Creek. 

7.6.2 Constructed Riffles 
A constructed riffle consists of coarse bed material placed in the stream at the specific riffle 
locations along the profile.  The purpose of this structure is to provide grade control and 
improve riffle habitat.   

7.6.3 Cross Vanes 
Cross vanes are used to provide grade control, keep the thalweg in the center of the channel, 
and protect the stream bank.  A cross vane consists of two rock vanes joined by a center 
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structure installed perpendicular to the direction of flow.  This center structure sets the invert 
elevation of the stream bed.  Vanes are located just downstream of the point where the stream 
flow intercepts the bank at acute angles.   

7.6.4 Rock Vanes 
Rock vanes are used for bank protection, and to keep the thalweg in the center of the channel.  
A rock vane consists of an arm extending in a gentle downward upstream direction.  The 
upstream end of the structure sets the invert elevation of the stream bed.  Vanes are located just 
downstream of the point where the stream flow intercepts the bank at acute angles.   

7.6.5 Single Wing Deflectors 
Single wing deflectors are used for bank protection, and to keep the thalweg in the center of an 
overly wide channel.  A single deflector consists of two arms extending out from the bank with 
another arm connecting the two arms together, which is parallel to the stream flow.  The area 
inside the arms is filling with stream alluvium.  During low and normal flows, the wing 
deflector redirects the flow of the channel away from the bank for which it is protecting.   High 
flows will overtop the structure. The wing deflector deepens and narrows the channel thalweg. 
Wing deflectors allow an overly wide channel to have narrower base flow geometry (Nyman, 
2003). 

7.6.6 Double Wing Deflectors 
Double wing deflectors are used for bank protection, and to keep the thalweg in the center of an 
overly wide channel.  A double deflector is two single wing deflectors within the same cross-
section. During low and normal flows, the wing deflectors redirect the flow of the channel 
away from the banks for which it is protecting.   High flows will overtop the structures. The 
wing deflectors deepen and narrow the channel thalweg. Wing deflectors allow an overly wide 
channel to have narrower base flow geometry (Nyman, 2003). 

7.6.7 Step Pools 
Step pools structures that are used for long term stability in steep gradient streams.  Step pools 
typically have stair-step profiles that are armored with boulder inverts (Knighton, 1998).   The 
steps are separated by plunge pools. Step pools effectively dissipate energy, transport sediment, 
oxygenate the water, and provide stability within a high gradient system.  

7.6.8 Cover Logs 
A cover log is placed along the outside of a meander bend to provide habitat in the pool area.  It 
is most often installed in conjunction with rootwads.  The log is buried into the outside bank of 
the meander bend; the opposite end extends through the deepest part of the pool and may be 
buried in the inside of the meander bend, in the bottom of the point bar.  The placement of the 
cover log near the bottom of the bank slope on the outside of the bend encourages scour in the 
pool.  This increased scour provides a deeper pool for bedform variability.  Cover logs will be 
used on Mill Creek; however, fewer will be placed in the small reaches because the habitat 
value is not as great.  

7.7 Vegetation 
The vegetative components of this project include stream bank, floodplain, and headwater area 
planting.  In addition, any areas of the site that lack diversity or are disturbed or adversely impacted 
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by the construction process will be replanted.  Bare-root trees, live stakes, and permanent seeding will 
be planted within designated areas of the conservation easement.  A minimum 50-foot buffer will be 
established along all restored stream reaches.  In many areas, the buffer width will be in excess of 50 
feet.  In general, bare-root vegetation will be planted at a target density of 460 stems per acre.  
Planting of bare-root trees and live stakes will be conducted during the dormant season, with all trees 
installed between the last week of November and the third week of March. 
Selected species for hardwood re-vegetation are presented in Table 7.4 below.  Tree species selected 
for stream restoration areas will be weakly tolerant to tolerant of flooding.  Weakly tolerant species 
are able to survive and grow in areas where the soil is saturated or flooded for relatively short periods 
of time.  Moderately tolerant species are able to survive in soils that are saturated or flooded for 
several months during the growing season.  Tree species selected for the wetland restoration areas 
will be tolerant of flooding.  Flood tolerant species are able to survive on sites in which the soil is 
saturated or flooded for extended periods during the growing season (WRP, 1997).   
Once trees are transported to the site, they will be planted within two days.  Soils across the site will 
be sufficiently disked and loosened to a depth of 12” prior to planting.  Trees will be planted by 
manual labor using a dibble bar, mattock, planting bar, or other approved method.  Planting holes for 
the trees will be sufficiently deep to allow the roots to spread out and down without “J-rooting.”  Soil 
will be loosely compacted around trees once they have been planted to prevent them from drying out. 
Live stakes will be installed randomly two to three feet apart using triangular spacing—or at a density 
of 968 to 1,452 stem per acre—along the stream banks, between the toe of the stream bank and 
bankfull elevation.  Site variations may require slightly different spacing.   
Permanent seed mixtures will be applied to all disturbed areas of the project site.  Table 7.5 lists the 
species, mixtures, and application rates that will be used.  A mixture is provided that is suitable for 
streambank areas, floodplain and wetlands.  Mixtures will also include temporary seeding (rye grain 
or browntop millet) to allow for application with mechanical broadcast spreaders.  To provide rapid 
growth of herbaceous ground cover and biological habitat value, the permanent seed mixture 
specified will be applied to all disturbed areas outside the banks of the restored stream channel.  The 
species provided are deep-rooted and have been shown to proliferate along restored stream channels, 
providing long-term stability.  Permanent seeding will be applied at a rate of 15 pounds per acre. 
Temporary seeding will be applied to all disturbed areas of the site that are susceptible to erosion.  
These areas include constructed streambanks, access roads, side slopes, and spoil piles.  If temporary 
seeding is applied from November through April, rye grain will be used and applied at a rate of 70 
pounds per acre.  If applied from May through October, temporary seeding will consist of browntop 
millet, applied at a rate of 25 pounds per acre.   
Bare-root trees and live stake species selected for re-vegetation of the restoration site are listed in 
Table 7.5.  Table 7.6 summarizes the permanent seed mixtures for the restoration site.  Species 
selection may change due to availability at the time of planting. 
Through ongoing discussions with the landowner, representatives with the NCEEP, the NCWRC, and 
Baker Engineering; the landowner has requested that vegetation planting within the NCEEP 
conservation easement corridors be done in coordination with the NCWRC and the EQUIP program 
grant.  Conversion of the fields surrounding UT4, both east and west of Lassiter Mill Rd has been 
initiated.  Included in the NCWRC planting program are prescribed burns to aid in the growth and 
establishment of the targeted vegetation species in addition to reducing the potential of invasive 
species from establishing in the converted prairiegrass fields.  Burning is not expected to occur within 
the NCEEP easement areas. 
A list of vegetation species planted to date within the prairiegrass fields has been provided (Table 
7.7).  To aid in the success of the prairiegrass conversion, the NCWRC has requested that the upper 
portions (headwaters areas) of UT2, UT5, and along the buffer outer edges of MC1 be planted with 
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selected early successional shrubs and herbaceous species from Table 7.6 to mimic their vegetation 
species list provided in Table 7.7. Initial discussions indicate that this will be possible. Continued 
coordination with the NCWRC is anticipated during planting of the easement areas and over the 
course of the vegetation monitoring period. 

 

Table 7.5 
Proposed Bare-root and Live Stake Species 
Common Name Scientific Name Percent 

Planted by 
Species 

Planting Density 

Stream Restoration Buffer 
River Birch Betula nigra 15% 42 stems per acre 
Sugarberry Celtis laevigata 5% 14 stems per acre 
Green Ash Fraxinus pennsylvanica 10% 28 stems per acre 
Black Walnut Juglans nigra 5% 14 stems per acre 
Sycamore Platanus occidentalis 20% 56 stems per acre 
Swamp Chestnut Oak Quercus michauxii 10% 28 stems per acre 
Willow Oak Quercus phellos 8% 22 stems per acre 

Northern Red Oak Quercus rubra 7% 19 stems per acre 

Persimmon Diospyros virginiana 10% 28 stems per acre 

Black Gum  Nyssa sylvatica 10% 28 stems per acre 
Early Successional Shrubs and Trees 

Coralberry Symphoricarpos orbiculatus 5% 9 stems per acre 

Southern Arrowwood Viburnum dentatum 10% 18 stems per acre 

Virginia Sweetspire Itea virginica 5% 9 stems per acre 

Elderberry Sambucus canadensis 10% 18 stems per acre 

Chicksaw Plum Prunus augustifolia 5% 9 stems per acre 

Common Winterberry Ilex verticillata 10% 18 stems per acre 

Silky Dogwood Cornus amomum 15% 27 stems per acre 

Flowering Dogwood Cornus florida 15% 27 stems per acre 

Eastern Redbud Cercis canadensis 10% 18 stems per acre 

Swamp Rose Rosa palustris 10% 18 stems per acre 

Parsley-leaf Hawthorn Crataegus marshallii 5% 9 stems per acre 
Streambanks (Live Stakes) 

Silky Willow Salix sericea 30% 1452 stems per acre 

Black Willow Salix nigra 10% 484 stems per acre 

Silky Dogwood Cornus amomum 40% 1936 stems per acre 

Elderberry Sambucus canadensis 20% 968 stems per acre 
Wetland Plantings 

Green Ash Fraxinus pennsylvanica 20% 92 stems per acre 
Sycamore Platanus occidentalis 20% 92 stems per acre 

Sugarberry Celtis laevigata 10% 46 stems per acre 
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Cottonwood Populus deltoidies 5% 23 stems per acre 

Overcup Oak Quercus lyrata 15% 69 stems per acre 

Tag Alder Alnus serrulata 15% 69stems per acre 

Silky Dogwood Cornus amomum 15% 69stems per acre 
 
Table 7.6 
Proposed Permanent Seed Mixture 
Common Name Scientific Name Percent 

of 
Mixture 

Seeding 
Density 

(lbs/acre) 

Wetness 
Tolerance 

Streambank, Floodplain and Wetland Areas 

Big bluestem Andropogon gerardii – NC Ecotype 5% 0.8 FAC 

Tick seed Bidens frondosa 8% 1.3 FACW 

Hop sedge Carex lupulina 5% 0.8 OBL 

Shallow sedge Carex lurida 5% 0.8 OBL 

Tussock sedge Carex stricta 5% 0.8 OBL 

Fox sedge Carex vulpinoidea 5% 0.8 OBL 

River oats Chasmanthium latifolium 5% 0.8 FAC- 

Lance leaf coreopsis Coreopsis lanceolata 5% 0.8 FACU 

Virginia wildrye Elymus virginicus 15% 2.4    FAC 

Purple lovegrass Eragrostis spectabilis 2% 0.3 FACU 

Soft rush Juncus effusus 5% 0.8 FACW+ 

Pink Muhly grass Muhlenbergia capillaris 2% 0.3 FACU 

Switchgrass Panicum virgatum 10% 1.6 FAC+ 

Pennsylvania Smartweed Polygonum pennsylvanicum 8% 1.3 FACW 

Little bluestem Schizachyrium scoparium  - NC Ecotype 5% 0.8 FACU 

Indian grass Sorgastrum nutans – NC Ecotype 5% 0.8 FACU 

Gamma grass Tripsicum dactyloides 5% 0.8 FAC+ 
 
 
Table 7.7 
NCWRC Native Grassland Vegetation Species List 

Common Name Scientific Name 
 

Native Prairie Grassland Areas –Currently Planted 
Tick seed Bidens frondosa 
Suther Indian grass Sorgastrum nutans 
Montgomery Little Bluestem Schizachyrium scoparium 
Lance leaf coreopsis Coreopsis lanceolata 
Narrow leaved Sunflower Helianthus angustifolia 
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Plains Coreopsis Coreopsis tinctoria 
Large-flower tickseed Coreopsis grandiflora 
Blanket Flower Gaillardia pulchella 

7.8 Invasive Species Removal 
Invasive species including kudzu (Pueraria montana), Japanese stiltgrass (Microstegium vimineum), 
Japanese honeysuckle (Lonicera japonica) and Chinese privet (Ligustrum sinense) have been noted in 
most of the riparian areas of the channels within the project site.  Invasive species will be removed by 
grading operations and by hand cutting and treating with herbicides in areas that are to be planted.  If 
these or other invasive species re-establish and persist for more than three years after the stream 
restoration has been constructed, hand cutting and herbicide treatment will be required.  If any 
invasive species are determined to pose potential problems within the first three years following 
restoration, corrective actions may be taken earlier. 
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8.0 WETLAND CREATION DESIGN 

8.1 Potential for Wetland Mitigation 
On-site investigations and field reviews with the USACE determined that there are no jurisdictional 
wetlands or areas of existing hydric soils located within the project area.  Therefore, there is no 
potential for wetland restoration or wetland enhancement practices.  Two areas were identified that 
currently exhibit wetland hydrology and hydrophytic vegetation, but do not contain hydric soils.  
These areas have developed upstream of two small farm pond dams which have both breached and 
now only pond shallow water.  Well data collected from the two areas indicate that they remain 
inundated for extended periods during the dormant and early growing seasons, and that water levels 
during these times fluctuate very little.  An USACE representative commented during field reviews 
that these areas would be appropriate for wetland creation practices for mitigation credit, since the 
areas are not currently considered jurisdictional wetlands and are not underlain by hydric soils.   
The proposed wetland mitigation approaches for the project are summarized in Table 8.1.  
 

Table 8.1 
Project Wetland Design Approaches  
Site Mitigation 

Approach 
Rationale 

Wetland 
Site 1 

Creation Site is not appropriate for restoration or enhancement because area is not a jurisdictional 
wetland and does not contain hydric soils.  Site currently supports hydrophytic vegetation.  
However, the site remains inundated for extended periods and water table depths fluctuate 
little due to ponded water.  Creation practices will seek to grade down the breached dam, 
construct a more natural topography, and allow for more natural fluctuation of water levels 
to support a broader diversity of hydrophytic vegetation. 

Wetland 
Site 2 

Creation See discussion above for Site 1 

 

8.2 Wetland Design  
 
The topography of the created sites will be patterned after natural floodplain wetland sites, and will 
include the creation of minor depressions and tip mounds (microtopography) that promote diversity of 
hydrologic conditions and habitats common to natural wetland areas.  A shallow channel will be 
constructed through the wetland creation areas to provide a hydrologic connection to upstream and 
downstream stream channel improvements.  The channel will also reduce periods of constant 
inundation and provide for periodic overbank flooding.  These techniques will be instrumental to the 
improvement of site hydrology by promoting more diverse hydrologic conditions than are currently 
found on the sites.  Grading activities will focus on removing the breached dam structures and 
providing a stabilized outlet to route wetland flows into the channel downstream.     
Wetland creation will include re-vegetating the two sites with woody vegetation.  Selected species for 
wetland areas are presented in Table 7.4, and will be tolerant of flooded conditions.  It is estimated 
that these proposed practices will result in approximately 1.1 acres of wetland creation.  
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9.0 MONITORING AND EVALUATION 

Channel stability, vegetation survival, and wetland hydrology will all be monitored on the project site.  
Post-restoration monitoring will be conducted for five years following the completion of construction 
to document project success and will follow the most current NCEEP mitigation guidelines. 

9.1 Stream Monitoring 
Geomorphic monitoring of restored or enhanced stream reaches will be conducted for five years to 
evaluate the effectiveness of the restoration practices.  Monitored stream parameters include stream 
dimension (cross-sections), pattern (longitudinal survey), profile (profile survey), and photographic 
documentation.  Specific monitoring requirements will vary according to the work that is performed, 
as listed in Table 9.1.  The methods used and any related success criteria are described below for each 
parameter. 

Table 9.1 
Monitoring Procedures for Stream Restoration, Enhancement, and Preservation Reaches 
Mitigation Approach Monitoring Procedures Required * 
Restoration Bankfull events, cross-sections, pattern, longitudinal profile, photo points 
Enhancement Level I Bankfull events, cross-sections, longitudinal profile, photo points 
Enhancement Level II Photo points 
Preservation None 

* Monitoring requirements are based on the USACE and NCDWQ Stream Mitigation Guidelines, April 
2003. 

9.1.1 Bankfull Events 
The occurrence of bankfull events within the monitoring period will be documented by the use 
of crest gages and photographs.  At least one crest gage will be installed along each monitored 
stream reach.  The crest gages will record the highest watermark between site visits and will be 
checked at each site visit to determine if a bankfull event has occurred.  Photographs will be 
used to document the occurrence of debris lines and sediment deposition on the floodplain 
during monitoring site visits. 

Two bankfull flow events must be documented within the 5-year monitoring period.  The two 
bankfull events must occur in separate years; otherwise, the stream monitoring will continue 
until two bankfull events have been documented in separate years. 

9.1.2 Cross-sections  
Two permanent cross-sections will be installed per 1,000 LF of stream restoration and 
enhancement level I work, with one located at a riffle cross-section and one located at a pool 
cross-section.  Each cross-section will be marked on both banks with permanent pins to 
establish the exact transect used.  A common benchmark will be used for cross-sections and 
consistently used to facilitate easy comparison of year-to-year data.  The annual cross-section 
survey will include points measured at all breaks in slope, including top of bank, bankfull, inner 
berm, edge of water, and thalweg, if the features are present.  Riffle cross-sections will be 
classified using the Rosgen Stream Classification System. 
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There should be little change in as-built cross-sections.  If changes do take place they should be 
evaluated to determine if they represent a movement toward a more unstable condition (e.g., 
down-cutting or erosion) or a movement toward increased stability (e.g., settling, vegetative 
changes, deposition along the banks, or decrease in width/depth ratio).  Cross-sections shall be 
classified using the Rosgen Stream Classification System, and all monitored cross-sections 
should fall within the quantitative parameters defined for channels of the design stream type.   

9.1.3 Pattern 
Annual measurements taken for the plan view of the restoration site will include sinuosity, 
meander width ratio, and radius of curvature.  The radius of curvature measurements will be 
taken on newly constructed meanders for the first year of monitoring only. 

9.1.4 Longitudinal Profile 
A longitudinal profile will be completed in years one, three, and five of the monitoring period.  
The profile will be conducted for at least 3,000 LF of restored channel.  Measurements will 
include thalweg, water surface, inner berm, bankfull, and top of low bank.  Each of these 
measurements will be taken at the head of each feature (e.g., riffle, run, pool, glide) and the 
maximum pool depth.  The survey will be tied to a permanent benchmark. 

The longitudinal profiles should show that the bedform features are remaining stable (i.e., they 
are not aggrading or degrading).  The pools should remain deep with flat water surface slopes, 
and the riffles should remain steeper and shallower than the pools.  Bedforms observed should 
be consistent with those observed for channels of the design stream type. 

9.1.5 Bed Material Analyses 
Since the streams through the project site are dominated by sand-size particles, pebble count 
procedures would not show a significant change in bed material size or distribution over the 
monitoring period; therefore, bed material analyses are not recommended for this project. 

9.1.6 Photo Reference Sites 
Photographs will be used to document restoration success visually.  Reference stations will be 
photographed before construction and continued for at least five years following construction.  
Reference photos will be taken once a year.  Photographs will be taken from a height of 
approximately five to six feet.  Permanent markers will be established to ensure that the same 
locations (and view directions) on the site are monitored in each monitoring period.  Site 
photographs are presented in Appendix A. 

The stream will be photographed longitudinally beginning at the downstream end of the 
restoration site and moving upstream to the end of the site.  Photographs will be taken looking 
upstream at delineated locations.  Reference photo locations will be marked and described for 
future reference.  Points will be close enough together to provide an overall view of the reach.  
The angle of the shot will depend on what angle provides the best view and will be noted and 
continued in future shots.  When modifications to photo position must be made due to 
obstructions or other reasons, the position will be noted along with any landmarks and the same 
position will used in the future. 

Lateral reference photos.  Reference photo transects will be taken at each permanent cross-
section.  Photographs will be taken of both banks at each cross-section.  The survey tape will be 
centered in the photographs of the bank.  The water line will be located in the lower edge of the 
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frame, and as much of the bank as possible will be included in each photo.  Photographers 
should make an effort to consistently maintain the same area in each photo over time. 

Structure photos.  Photographs will be taken at each grade control structure along the restored 
stream.  Photographers should make every effort to consistently maintain the same area in each 
photo over time. 

9.2 Wetland Monitoring 

9.2.1 Wetland Hydrologic Monitoring 
Groundwater-monitoring stations will be installed within the wetland creation areas to 
document hydrologic conditions of the creation sites.  Two groundwater monitoring stations 
will be installed, both being automated groundwater gauges with one gauge located in each 
creation area.  Ground water monitoring stations will follow the USACE standard methods 
found in WRP Technical Notes ERDC TN-WRAP-00-02 (July 2000). 

In order to determine if the rainfall is normal for the given year, rainfall amounts will be tallied 
using data obtained from the Randolph County WETS Station.   

The objective is for the monitoring data to show the site is saturated within 12 inches of the soil 
surface for at least 12 percent of the growing season.  The creation site hydrology will be 
compared to pre-construction conditions in terms of groundwater, frequency of overbank 
events, and soil characterization.   

9.3 Vegetation Monitoring 
Successful restoration of the vegetation on a mitigation site is dependent upon active planting of 
preferred canopy species and volunteer regeneration of the native plant community.  In order to 
determine if the criteria are achieved, thirteen vegetation-monitoring plots will be installed across the 
restoration site to capture three percent of the total conservation easement.  The size of individual 
quadrants will be 100 square meters for woody tree species.  Vegetation monitoring will occur in 
spring, after leaf-out has occurred.  Individual quadrant data will be provided and will include 
diameter, height, density, and coverage quantities.  Individual seedlings will be marked to ensure that 
they can be found in subsequent monitoring years.  Mortality will be determined from the difference 
between the previous year’s living, planted seedlings and the current year’s living, planted seedlings. 
At the end of the first growing season, species composition, density, and survival will be evaluated.  
For each succeeding year, until the final success criteria are met, the restored site will be evaluated 
between June and November.  Specific and measurable success criteria for plant density on the 
project site will be based on the recommendations from NCEEP and past project experience.  
The interim measure of vegetative success for the site will be the survival of at least 320, 3-year-old, 
planted trees per acre at the end of year three of the monitoring period.  The final vegetative success 
criterion will be the survival of 260, 5-year old, planted trees per acre at the end of year five of the 
monitoring period.  While measuring species density is the current accepted methodology for 
evaluating vegetation success on restoration projects, species density alone may be inadequate for 
assessing plant community health.  For this reason, the vegetation monitoring plan will incorporate 
the evaluation of additional plant community indices to assess overall vegetative success.  

9.4 Reporting Requirements  
A restoration plan and an as-built report documenting both stream restoration and wetland creation 
will be developed within 60 days of the completion of planting and the installation of wells on the 
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restored site.  The report will include all information required by current NCEEP mitigation plan 
guidelines, including elevations, photographs, well and sampling plot locations, a description of 
initial species composition by community type, and monitoring stations.  The report will include a list 
of the species planted and the associated densities.  The monitoring program will be implemented to 
document system development and progress toward achieving the success criteria referenced in the 
previous sections.  Stream morphology, as well as wetland hydrology and vegetation, will be assessed 
to determine the success of the mitigation.  The monitoring program will be undertaken for 5 years, or 
until the final success criteria are achieved, whichever is longer.  Monitoring reports will be prepared 
in the fall of each year of monitoring and submitted to NCEEP.  The monitoring reports will include:  

• A detailed narrative summarizing the condition of the restored site and all regular 
maintenance activities 

• As-built topographic maps showing location of monitoring gauges, vegetation sampling plots, 
permanent photo points, and location of transacts  

• Photographs showing views of the restored site taken from fixed-point stations 
• Hydrologic information 
• Vegetative data 
• Identification of any invasion by undesirable plant species, including quantification of the 

extent of invasion of undesirable plants by either stem counts, percent cover, or area, 
whichever is appropriate 

• A description of any damage done by animals or vandalism 
• Wildlife observations. 

9.5 Maintenance Issues  
Maintenance requirements vary from site to site and are generally driven by the following conditions:  

• Projects without established woody floodplain vegetation are more susceptible to erosion 
from floods than those with a mature hardwood forest. 

• Projects with sandy non-cohesive soils are more prone to short-term bank erosion than 
cohesive soils or soils with high gravel and cobble content. 

• Alluvial valley channels with wide floodplains are less vulnerable than confined channels. 

• Wet weather during construction can make accurate channel and floodplain excavations 
difficult. 

• Local wildlife can impact the rate at which the native buffer can be established. 

• Extreme and/or frequent flooding can cause floodplain and channel erosion. 

• Extreme hot, cold, wet, or dry weather during and after construction can limit vegetation 
growth, particularly temporary and permanent seed. 

• The presence and aggressiveness of invasive species can affect the extent to which a native 
buffer can be established. 

Maintenance issues and recommended remediation measures will be detailed and documented in the 
As-Built and Monitoring reports.  Factors which may have caused any maintenance needs, including 
any of the conditions listed above, shall be discussed.   
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Exhibit 2.1
Rosgen Stream Classification
 Mill Creek Restoration PlanSource: Rosgen, David L., Applied River Morphology, Wildland Hydrology, 1996



Exhibit 2.2
Factors Influencing Stream StabilityAfter: Lane, 1955



Exhibit 2.3
Simon Channel Evolution Model

Source: Simon, 1989



Exhibit 2.4
Restoration Priorities for Incised ChannelsSource: Rosgen, David L., “A Geomorphological Approach to Restoration

of Incised Rivers,” Proceedings of the Conference on Management of 
Landscapes Disturbed by Channel Incision, 1997



Exhibit 2.5
Channel Dimension Measurements
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Beginning of the Mill Creek section at Lassiter Mill
Road. 

Mill Creek downstream of culvert and above 
UT5 confluence.

Mill Creek at confluence with UT5, view is 
upstream.

Mill Creek where proposed Ford stream crossing 
will be located.

Depositional bench forming on Mill Creek. View upstream of the depositional bench.

Mill Creek, view is upstream. Mill Creek, view is downstream. Mill Creek, view is downstream.

                  Mill Creek Photo Log



View of Mill Creek above confluence with the
Uwharrie River, view is downstream.

View of UT1 where the upper 600 feet will be
filled in .

Old pond on UT2 that is proposed to be wetland
creation.

View of area of proposed wetland creation on UT2. Bank erosion at the breached section of the 
dam on UT2.

Outflow at the breached section of UT2 , view is 
upstream.

View of the proposed channel area below the old
pond along UT2.

View of the old dam on UT2. View of the proposed channel area below the old 
dam.



View of the area where UT2 will tie  into
the Uwharrie River, view is upstream. 

View of the area where UT2 will tie into the 
Uwharrie River, view is downstream. 

Beginning of UT5, view is downstream, proposed 
preservation.

Proposed wetland creation on UT5, view is 
dowstream.

Area below the old dam on UT5, view is 
downstream.

UT5 channel at the old dam below the proposed 
wetland creation.

Bank erosion below the UT5 dam. Headcut on UT5 below the old dam, view is 
downstream.

UT5 channel above the conflunece with
Mill Creek, view is upstream.



Outflow at the UT2 wetland dam, view is
upstream.

Upper section of UT4, view is downstream. Middle section of the UT4 channel, view is 
upstream. 

Lower section of the UT4 channel, view is 
upstream. 

Area above UT6 confluence with Mill Creek 2, 
view is upstream.

Mill Creek 2 channel, view is upstream.

Mill Creek 2 at property boundary, view is 
upstream.

Mill Creek 3 at driveway culvert, view is 
upstream.

Mill Creek 3 below culvert, view is downstream.



Mill Creek 3 mid-stream, view is upstream. Mill Creek 4 upstream of property boundary, 
view is upstream.

Mill Creek 4 lower end of reach, view is 
upstream.

Mill Creek 4 at property boundary, view is
upstream.

Upper pond at headwaters of UT6, view is east. UT6 upper pond spillway, view is downstream.

UT6 mid-stream, view is downstream. Lower pond on UT6, view is downstream. UT6 lower pond spillway above Mill Creek, view
is downstream.



UT7 channel, view is upstream. UT7 channel mid-stream, view is upstream. UT7 channel, view is upstream.

UT8 above Mill Creek, view is upstream. UT8 channel, view is upstream. UT8 upper end of reach, view is upstream.

UT8 at top of reach, view is upstream. UT9 east of Lassier Mill Road culvert, view is 
downstream.

UT9 west of Lassiter Mill Road culvert, view is 
downstream.
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Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data
Resources, Inc. It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from
other sources. NO WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL
DATA RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report "AS IS". Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor
should they be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I
Environmental Site Assessment performed by an environmental professional can provide information regarding the environmental risk for any
property. Additionally, the information provided in this Report is not to be construed as legal advice.

Copyright 2006 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole
or in part, of any report or map of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other
trademarks used herein are the property of their respective owners.
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ECORDS

STATE AND LOCAL RECORDSFEDERAL RECORDS

Map ID
Direction
Distance
Distance ft.
Elevation ft.

TARGET PROPERTY ADDRESS

MILL CREEK
7795 HIGH PINE CHURCH ROAD
ASHEBORO, NC 27205
Elevation: 445 ft.
EDR Inquiry Number: 1766930.1s

TARGET PROPERTY

SEARCH RESULTS

Site

The results of this search follow:
A search of available environmental records was conducted by Environmental Data Resources, Inc. (EDR).

EXECUTIVE SUMMARY
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EDR LoanCheck  Basic® : Environmental Risk Review

Property Name

MILL CREEK
7795 HIGH PINE CHURCH ROAD
ASHEBORO, NC 27205

October 2, 2006

440 Wheelers Farms Road
Milford, CT 06460
Phone:800-352-0050
Fax:800-231-6802
Web:www.edrnet.com

ENVIRONMENTAL RISK LEVEL

To help evaluate environmental risk, the ®EDR LoanCheck  Basic provides an Environmental Risk Level,
based on a search of current government records requested to be searched by
Buck Engineering. 

LOW RISK

Based on the records found in this report, the environmental risk level for this
property is elevated. 

Based on the records found in this report, the environmental risk level for this
property is minimal.

ELEVATED RISKX

User Instructions
For more information regarding this Environmental Risk Level, please refer to page 2 and other supporting reports.

User Comments

Reports and Databases

The following reports an/or databases were requested by customer and were included in the Environmental
Risk Level where available:

● EDR Radius Map Report

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data
Resources, Inc. It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from
other sources. NO WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL
DATA RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report "AS IS". Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor
should they be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property.  Only a Phase I
Environmental Site Assessment performed by an environmental professional can provide information regarding the environmental risk for any
property. Additionally, the information provided in this Report is not to be construed as legal advice.

Copyright 2006 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole
or in part, of any report or map of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other
trademarks used herein are the property of their respective owners.
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EDR LoanCheck   Basic: Environmental Risk Review®

FINDINGS CONTRIBUTING TO THE ENVIRONMENTAL RISK LEVEL

The environmental ELEVATED RISK is based upon the findings listed below. For additional detail, click on the
records marked with "Detail" to turn to the corresponding page. To return to this page, press Alt + Left Arrow
on your keyboard or click the green arrow at the bottom of the window.

TARGET PROPERTY

Current Govt. Records Address Data Source Distance
MILLIKAN PROPERTY
(DOROTHY)

7795 HIGH PINE CHURCH ROA LUST
IMD

TP Detail pg.3

SURROUNDING PROPERTIES

Current Govt. Records

No records identified (if any) were determined to be of elevated risk.

 1766930.1s  Page  2



EDR LoanCheck Basic Environmental Risk ReviewMap ID
Direction
Distance

EDR ID NumberDistance (ft.)
EPA ID NumberDatabase(s)SiteElevation

                      Not reportedReclassification Report:
                      Not reportedSOC Sighned:
                      Not reportedCorrective Action Planned:
                      Not reportedPublic Meeting Held:
                      Not reported45 Day Report:
                      4/1/2004NORR Issued:
                      Not reportedNOV Issued:
                      ResponseIncident Phase:
                      Not reportedLast Modified:

Not reported7.5 Min Quad:Not reported5 Min Quad:
Not reportedSamples Include:YesSamples Taken:
Not reportedWells Affected #:UnknownWells Affected:
Not reportedPIRF/Min Soil:Not reportedPriority Update:
Not reportedSite Priority:ResidenceLocation:
4Facility Type:ResidentialOperation Type:

PrivateOwnership:
During removal of home heating oil UST, soil contamination was confirmed.Description:

NoValid:3/12/2004Submitted:
Not reportedError Type:NError Code:

0Error Flag:
NoRPOP:YesRPOW:
Not reportedReel Num:0CD Num:
NoRPL:4PETOPT:
Not reportedRBCA GW:File Located in HouseCurrent Status:
3/11/2004Cleanup:7GPS Confirmed:
0Release Detection:Not reportedLUR Filed:
NoFlag1:NoFlag:
UnknownMTBE1:NoMTBE:

Not reportedClose Out:
0# Of Supply Wells:Not reportedClosure Request:
Not reportedLand Use:Not reportedSite Risk Reason:
Not reportedPhase Of LSA Req:Not reportedSite Priority:
Not reportedNORR Issue Date:Not reportedNOV Issue Date:
3/11/2004Date Occur:3/12/2004Date Reported:
PETROLEUMProduct Type:Leak-undergroundSource Type:

                      SoilContamination Type:
                      Non RegulatedTank Regulated Status:
                      Not reportedLevel Of Soil Cleanup Achieved:
                      Not reportedCorrective Action Plan Type:
                      HRisk Class Based On Review:
                      URisk Classification:
                      NON COMMERCIALComm / Non-comm UST Site:
                      Not reportedRP County:
                      ASHEBORO, NC 27205-RP City,St,Zip:
                      7795 HIGH PINE CHURCH ROADRP Address:
                      3366253497Telephone:
                      Not reportedContact Person:
                      DOROTHY MILLIKANCompany:
                      Winston-SalemRegion:
                      sbwRegional Officer Project Mgr:
Not reportedTestlat:

35.5606 79.96849Lat/Long Decimal:35  33  38.16  79  58  6.54Lat/Long:
WS-6883UST Number:30352Incident Number:

Not reportedFacility ID:
LUST:

Actual:
447 ft.

Property ASHEBORO, NC  27205
Target IMD7795 HIGH PINE CHURCH ROAD    N/A
1 LUSTMILLIKAN PROPERTY (DOROTHY) S106349322

1766930.1s  Page  3



EDR LoanCheck Basic Environmental Risk ReviewMap ID
Direction
Distance

EDR ID NumberDistance (ft.)
EPA ID NumberDatabase(s)SiteElevation

               Not reportedSOC Sighned:
               Not reportedCorrective Action Planned:
               Not reportedPublic Meeting Held:
               Not reported45 Day Report:
               4/1/2004NORR Issued:
               Not reportedNOV Issued:
               REIncident Phase:
               Not reportedLast Modified:
               30352Facility ID:
               DWMAgency:
               7GPS:
               79.9683333333333Longitude Decimal:
               35.5605555555556Latitude Decimal:
               795806Longitude Number:
               353338Latitude Number:
               -79.96833333Longitude:
               35.56055555Latitude:
               Not reported5 Min Quad:
               Not reported7.5 Min Quad:
Not reportedSamples Include:
ySampled By:
Not reportedWells Contam:
Not reportedNum Affected:
UnknownWells Affected:
sbwDem Contact:
Not reportedPriority Update:
Not reportedPriority Code:
Not reportedSite Priority:
UnknownRisk Site:
Not reportedSetting:
ResidenceLocation:
Gasoline/dieselType:
Leak-undergroundSource:
Not reportedQty Recovered 1:
Not reportedQty Lost 1:
Not reportedMaterial:
ResidentialOperation:
PrivateOwnership:
ASHEBORO, NC 27205-Oper City,St,Zip:
ASHEBOROOperator City:
7795 HIGH PINE CHURCH ROADOperator Address:
DOROTHY MILLIKANOwner Company:
3366253497Contact Phone:
Not reportedOperator:
During removal of home heating oil UST, soil contamination was confirmed.Incident Desc:
YesSoil Contam:
No Groundwater Contamination detectedGW Contam:
3/12/2004Submit Date:
3/11/2004Date Occurred:
30352Facility ID:
WSRegion:

IMD:

GPS recreational data entered, funding stopped norr issuedComments:
                      Not reportedClose-out Report:
                      Not reportedClosure Request Date:
                      Not reportedRS Designation:

MILLIKAN PROPERTY (DOROTHY)  (Continued) S106349322
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EDR LoanCheck Basic Environmental Risk ReviewMap ID
Direction
Distance

EDR ID NumberDistance (ft.)
EPA ID NumberDatabase(s)SiteElevation

               Not reportedClose-out Report:
               Not reportedClosure Request Date:
               Not reportedRS Designation:
               Not reportedReclassification Report:

MILLIKAN PROPERTY (DOROTHY)  (Continued) S106349322

1766930.1s  Page  5



TERMS AND DEFINITIONS

IMD:  Incident Management Database
Groundwater and/or soil contamination incidents

Date of Government Version: 07/21/2006
Date Data Arrived at EDR: 08/01/2006
Date Made Active in Reports: 08/23/2006
Number of Days to Update: 22

Source:  Department of Environment and Natural Resources
Telephone:  919-733-3221
Last EDR Contact: 08/01/2006
Next Scheduled EDR Contact: 10/23/2006
Data Release Frequency: Quarterly

LUST:  Regional UST Database
This database contains information obtained from the Regional Offices. It provides a more detailed explanation
of current and historic activity for individual sites, as well as what was previously found in the Incident Management
Database. Sites in this database with Incident Numbers are considered LUSTs.

Date of Government Version: 06/02/2006
Date Data Arrived at EDR: 06/07/2006
Date Made Active in Reports: 07/06/2006
Number of Days to Update: 29

Source:  Department of Environment and Natural Resources
Telephone:  919-733-1308
Last EDR Contact: 09/07/2006
Next Scheduled EDR Contact: 12/04/2006
Data Release Frequency: Quarterly

EDR LoanCheck   Basic: Environmental Risk Review®

1766930.1s  Page  6
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North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  9/21/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  Mill Creek 1 Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               38.5 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 20) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 9)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 9.5)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

West of Lassiter Mill Road 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  9/22/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  Mill Creek 2 Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               41.25 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 25) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 8)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 8.25)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  10/3/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  Mill Creek 3 Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               31.25 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 15) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 7.5)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 8.75)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  10/3/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  Mill Creek 4 Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               30.25 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 15) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 7.5)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 7.75)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  9/20/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  UT 1 Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               6.75 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 0) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 3.5)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 3.25)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  9/20/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  UT 2 Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               22.75 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 10.5) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 7)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 5.25)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  2/19/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  UT 4 Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               20 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 11.5) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 5)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 3.5)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  2/19/07 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  UT 4P Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               28.5 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 16.5) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 5)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 6.75)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  9/21/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  UT 5 Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               19.25 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 7.5) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 4)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 5.75)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

downstream 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  7/11/07 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:   UT5 below dam Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30           36.5 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal =  17.5 ) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 7.5 )     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 11.5 )     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

-  Duck potato 
-  Caddisfly, beetle, 2 salamanders, left-handed snail 
-  Point taken on lower portion of UT5 from Mill Creek to  
    toe of slope of dam outfall. 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  9/21/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  UT 6  Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               7.75 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 3) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 1.5)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 3.25)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

Form location was above second pond 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  9/22/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  UT 7  Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               27.75 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 18) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 3)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 6.75)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  9/28/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  UT 8  Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               17.25 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 9.5) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 2.5)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 5.25)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 

 
 
 
 

Sketch: 

 



North Carolina Division of Water Quality – Stream Identification Form;     Version 3.1 
Date:  9/22/06 Project:  Mill Creek Latitude: 

Evaluator:  D. Huneycutt Site:  UT 9  Longitude: 

Total Points:  
Stream is at least intermittent  
if ≥ 19 or perennial if ≥ 30               30.75 

County:  Randolph Other 
e.g. Quad Name: 

 
A. Geomorphology  (Subtotal = 21) Absent Weak Moderate Strong 
1a.  Continuous bed and bank 0 1 2 3 
2.  Sinuosity 0 1 2 3 
3.  In-channel structure: riffle-pool sequence 0 1 2 3 
4.  Soil texture or stream substrate sorting 0 1 2 3 
5.  Active/relic floodplain 0 1 2 3 
6.  Depositional bars or benches  0 1 2 3 
7.  Braided channel 0 1 2 3 
8.  Recent alluvial deposits 0 1 2 3 
9 a Natural levees 0 1 2 3 
10. Headcuts 0 1 2 3 
11. Grade controls 0 0.5 1 1.5 
12. Natural valley or drainageway 0 0.5 1 1.5 
13. Second or greater order channel on existing   

USGS or NRCS map or other documented 
evidence. 

No = 0 Yes = 3 

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

B. Hydrology  (Subtotal = 4)     
14. Groundwater flow/discharge 0 1 2 3 
15. Water in channel and > 48 hrs since rain,  or  
      Water in channel -- dry or growing season 0 1 2 3 

16. Leaflitter 1.5 1 0.5 0 
17. Sediment on plants or debris 0 0.5 1 1.5 
18. Organic debris lines or piles (Wrack lines) 0 0.5 1 1.5 
19. Hydric soils (redoximorphic features) present? No = 0 Yes = 1.5 
     

C. Biology  (Subtotal = 5.75)     

20b. Fibrous roots in channel 3 2 1 0 
21b. Rooted plants in channel 3 2 1 0 
22. Crayfish 0 0.5 1 1.5 
23. Bivalves 0 1 2 3 
24. Fish 0 0.5 1 1.5 
25. Amphibians 0 0.5 1 1.5 
26. Macrobenthos (note diversity and abundance) 0 0.5 1 1.5 
27. Filamentous algae; periphyton 0 1 2 3 
28. Iron oxidizing bacteria/fungus. 0 0.5 1 1.5 
29 b. Wetland plants in streambed  FAC = 0.5;  FACW = 0.75;  OBL = 1.5   SAV = 2.0;  Other = 0 

b 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.) 
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Existing Conditions Summaries: Longitudinal 
Profiles, Cross-Sections, and Bed Material 

Analyses

 



Profile Graphs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Profile Chart MC1
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Profile Chart UT 2
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Profile Chart UT 4
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Profile Chart UT 5
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Cross-sections 
 

Feature 
Stream 
Type 

BKF 
Area 

BKF 
Width 

BKF 
Depth 

Max BKF 
Depth W/D 

BH 
Ratio ER  

BKF 
Elev 

TOB 
Elev 

  Bc 22.9 34.62 0.66 1.42 52.44 1 1.7 371.05 371.05 

Cross-section X1 
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Feature 
Stream 
Type 

BKF 
Area 

BKF 
Width 

BKF 
Depth 

Max 
BKF 

Depth W/D 
BH 

Ratio ER  
BKF 
Elev TOB Elev

  F 32.3 27.65 1.17 1.59 23.67 2.1 1.2 371.83 373.63 
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Feature 
Stream 
Type 

BKF 
Area 

BKF 
Width 

BKF 
Depth 

Max 
BKF 

Depth W/D 
BH 

Ratio ER  
BKF 
Elev 

TOB 
Elev 

  Bc 3.5 7.15 0.49 1.06 14.66 1.7 1.7 390.14 390.89 

Cross-section X3 
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Feature 
Stream 
Type 

BKF 
Area 

BKF 
Width 

BKF 
Depth 

Max 
BKF 

Depth W/D 
BH 

Ratio ER  
BKF 
Elev 

TOB 
Elev 

  G 3.3 5.24 0.63 0.87 8.3 6.3 1.3 375.2 379.83 

Cross-section X4 
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Feature 
Stream 
Type 

BKF 
Area 

BKF 
Width 

BKF 
Depth 

Max 
BKF 

Depth W/D 
BH 

Ratio ER  
BKF 
Elev 

TOB 
Elev 

  Eb 3.1 4.89 0.63 1.44 7.79 1.5 6.6 402.9 403.67 

Cross-section X5 
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Feature 
Stream 
Type 

BKF 
Area 

BKF 
Width 

BKF 
Depth 

Max 
BKF 

Depth W/D 
BH 

Ratio ER  
BKF 
Elev 

TOB 
Elev 

  Eb 4.5 5.33 0.84 1.28 6.34 1.8 4 387.36 388.34 

Cross-section X6 
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Feature 
Stream 
Type 

BKF 
Area 

BKF 
Width 

BKF 
Depth 

Max 
BKF 

Depth W/D 
BH 

Ratio ER  
BKF 
Elev TOB Elev

  Bc 27.6 13.7 2.01 2.67 6.81 2.4 1.4 365 368.69 

Cross-section X7 
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Sediment Particle Distribution by Layer X1- MC1
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Sediment Particle Distribution by Layer X2- MC2
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Sediment Particle Distribution by Layer X4- UT5
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Sediment Particle Distribution by Layer X3-UT2
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Sediment Particle Distribution by Layer X6- UT4
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Sediment Particle Distribution by Layer X5-UT5

0

10

20

30

40

50

60

70

80

90

100

0.01 0.1 1 10 100 1000 10000

Particle Size - Finer Than (mm)

Pe
rc

en
t

Pavement
Subpavement



 

 

 

 

 

Appendix F 

 

Design Parameters 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



MIN MAX MIN MAX
Drainage Area, DA (sq mi) 0.45 0.45
Stream Type (Rosgen) B4 B4
Bankfull Riffle XSEC Area, Abkf (sq ft) 5.3 11.2
Bankfull Riffle Width, Wbkf (ft) 10.8 14.9
Bankfull Riffle Mean Depth, Dbkf (ft) 0.4 1.0
Width to Depth Ratio, W/D (ft/ft) 10.4 40.1 12 15
Width Floodprone Area, Wfpa (ft) 35 40
Entrenchment Ratio, Wfpa/Wbkf (ft/ft) 2.7 3.2
Riffle Max Depth @ bkf, Dmax (ft) 0.7 2.1
Riffle Max Depth Ratio, Dmax/Dbkf 1.0 3.0 1.2 1.4
Max Depth @ tob, Dmaxtob (ft) 1.5 6.2
Bank Height Ratio, Dtob/Dmax (ft/ft) 1.0 1.0 1.0 1.1
Meander Length, Lm (ft) 70 280
Meander Length Ratio, Lm/Wbkf * 4 16
Radius of Curvature, Rc (ft) 28 47
Rc Ratio, Rc/Wbkf * 2 3
Belt Width, Wblt (ft) 18 65
Meander Width Ratio, Wblt/Wbkf * 1 4
Sinuosity, K 1.13 1.13 1.1 1.2
Valley Slope, Sval (ft/ft) 0.0396 0.0396
Channel Slope, Schan (ft/ft) 0.0350 0.0350
Slope Riffle, Srif (ft/ft) 0.0110 0.1220
Riffle Slope Ratio, Srif/Schan 0.3143 3.4857
Slope Pool, Spool (ft/ft) 0.0000 0.0570
Pool Slope Ratio, Spool/Schan 0.0000 1.6286
Slope Run, Srun (ft/ft)
Run Slope Ratio, Srun/Schan
Slope Glide, Sglide (ft/ft)
Glide Slope Ratio, Sglide/Schan
Pool Max Depth, Dmaxpool (ft) 4.4 5.3
Pool Max Depth Ratio, Dmaxpool/Dbkf 3.5 4.2 2 3
Pool Area, Apool (sq ft) 12.7 26.1
Pool Area Ratio, Apool/Abkf 1.5 3.2
Pool Width, Wpool (ft) 8.0 13.7
Pool Width Ratio, Wpool/Wbkf 0.6 1.1 1.1 1.5
Pool Length, Lpool (ft) 3.5 19.1
Pool Length Ratio, Lpool/Wbkf 0.3 1.3
Pool-Pool Spacing, Lps (ft) 5.9 114.6
Pool-Pool Spacing Ratio, Lps/Wbkf 0.5 7.7 1.5 5
d16 (mm) 5.75 5.75
d35 (mm) 18.15 18.15
d50 (mm) 40.45 40.45
d84 (mm) 118.81 118.81
d95 (mm) 197.44 197.44

Reference parameters used to determine design ratios

Parameter Data from past projects(See Appendix G)
Mickey Reach Composite Reference



Mill Creek Project MC1 Existing MC1 Design UT2 Existing  UT2 Design UT5 Existing UT5 Design 
RationaleStreamValues StreamValues StreamValues StreamValues StreamValues StreamValues

Parameter MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
Drainage Area, DA (sq mi) 1.33 1.33 0.08 0.08 0.06 0.06
Stream Type (Rosgen) B3c/1 B3c/1 B5/1 B5/1 B4/1 B4/1 Note 1
Bankfull Discharge, Qbkf (cfs) 70.42 70.42 8.4 8.4 9.6 9.6 Note 2
Bankfull Riffle XSEC Area, Abkf (sq ft) 27.6 27.6 27.6 27.6 3.5 3.5 3.8 3.8 3.1 3.1 3.8 3.8
Bankfull Mean Velocity, Vbkf (ft/s) 2.6 2.6 2.4 2.2 2.5 2.5 V=QA
Bankfull Riffle Width, Wbkf (ft) 25.3 18.2 20.3 7.2 6.8 7.5 4.9 6.8 7.5
Bankfull Riffle Mean Depth, Dbkf (ft) 1.3 1.4 1.5 0.5 0.5 0.6 0.6 0.5 0.6 d=A/W
Width to Depth Ratio, W/D (ft/ft) 19.8 12.0 15.0 14.7 12.0 15.0 7.8 12.0 15.0 Note 3
Width Floodprone Area, Wfpa (ft) 36.7 15 25 12.1 15 25 32.5 15 30
Entrenchment Ratio, Wfpa/Wbkf (ft/ft) 1.4 0.8 1.2 1.7 2.2 3.3 6.6 2.2 4.0 Note 4
Riffle Max Depth @ bkf, Dmax (ft) 1.9 1.7 2.1 1.1 0.6 0.8 1.4 0.6 0.8
Riffle Max Depth Ratio, Dmax/Dbkf 1.5 1.2 1.4 0.5 1.2 1.4 2.3 1.2 1.4 Note 5
Max Depth @ tob, Dmaxtob (ft) 3.4 1.7 2.3 1.8 0.6 0.9 2.2 0.6 0.9
Bank Height Ratio, Dtob/Dmax (ft/ft) 1.8 1.0 1.1 1.7 1.0 1.1 1.5 1.0 1.1 Note 6
Meander Length, Lm (ft) --- --- --- --- --- --- Note 7
Meander Length Ratio, Lm/Wbkf * --- --- --- --- --- --- Note 7
Radius of Curvature, Rc (ft) --- --- --- --- --- --- Note 7
Rc Ratio, Rc/Wbkf * --- --- --- --- --- --- Note 7
Belt Width, Wblt (ft) --- --- --- --- --- --- Note 7
Meander Width Ratio, Wblt/Wbkf * --- --- --- --- --- --- Note 7
Sinuosity, K 1.27 1.1 1.3 1.14 1.10 1.20 1.17 1.10 1.20
Valley Slope, Sval (ft/ft) 0.0115 0.0115 0.0251 0.0251 0.0381 0.0381
Channel Slope, Schan (ft/ft) 0.0090 0.0090 0.0140 0.0140 0.0325 0.0325
Slope Riffle, Srif (ft/ft) --- 0.0099 0.0162 --- 0.0154 0.0252 --- 0.0358 0.0585
Riffle Slope Ratio, Srif/Schan --- 1.1 1.8 --- 1.1 1.8 --- 1.1 1.8 Note 5
Slope Pool, Spool (ft/ft) --- 0.0001 0.0023 --- 0.0001 0.0035 --- 0.0003 0.0081
Pool Slope Ratio, Spool/Schan --- 0.01 0.25 --- 0.01 0.25 --- 0.01 0.25 Note 5
Pool Max Depth, Dmaxpool (ft) --- 2.8 4.5 --- 1.0 1.8 --- 1.0 1.8
Pool Max Depth Ratio, Dmaxpool/Dbkf --- 2.0 3.0 --- 2.0 3.0 --- 2.0 3.0 Note 5
Pool Width, Wpool (ft) --- 20.0 30.5 --- 7.4 11.3 --- 7.4 11.3
Pool Width Ratio, Wpool/Wbkf --- 1.1 1.5 --- 1.1 1.5 --- 1.1 1.5 Note 8
Pool-Pool Spacing, Lps (ft) --- 27.3 101.7 --- 10.1 37.7 --- 10.1 37.7
Pool-Pool Spacing Ratio, Lps/Wbkf --- 1.5 5.0 --- 1.5 5.0 --- 1.5 5.0 Note 5
d16 (mm) 9.82 9.82 0.1 0.1 0.7 0.7
d35 (mm) 43.00 43.00 0.6 0.6 1.8 1.8
d50 (mm) 90.00 90.00 1.0 1.0 7.1 7.1
d84 (mm) >2048 >2048 5.2 5.2 14.5 14.5
d95 (mm) >2048 >2048 8.5 8.5 27.4 27.4
*Existing stream values for UT2 and UT5 represent the entire reach and design values represent both reaches below the breached dam that are to be restored.

DA



Notes: 

 
1  A B stream type is appropriate for steeply sloped channels (generally greater than 0.02),  with 
steep fluvially dissected valleys.   
2  Bankfull discharge was estimated using Manning’s equation. 
3  A final W/D ratio was selected based on relationships of W/D ratio to slope in NC Piedmont
reference reach streams, as well as sediment transport analyses. 
4  Required for stream classification. 
5  This ratio was based on past project evaluation of similar B type design channels. 
6  A bank height ratio near 1.0 ensures that all flows greater than bankfull will spread onto a 
floodplain.  This minimizes shear stress in the channel and maximizes floodplain functionality 
resulting in lower risk of channel instability. 
7  Parameters were not derived since the channels are relatively straight (low sinuosity) and are 
confined with in the valley.  
8  Values were chosen based on reference reach database analysis and past project evaluation.  
It is more conservative to design a pool wider than the riffle.  Over time, the pool width may 
narrow, which is a positive evolutionary step. 
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Reference Reach Conditions Summaries: Reach 
Parameters, Longitudinal Profiles, Cross-Sections, 

Bed Material Analyses, and Photographs 
 

 



UT trib to Mitchell River - Mickey Reach XSEC1 was not measured due to debris

Parameter MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX
Drainage Area, DA (sq mi) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Stream Type (Rosgen) B4 B4 B4 B4 B4 B4 B4 B4 B4 B4 B4 B4 B4 B4
Bankfull XSEC Area, Abkf (sq ft) 13.1 16.2 13.1 16.2 7.4 13.6 11.6 13.1 7.5 11.7 9.1 12.2 5.3 11.2
Bankfull Width, Wbkf (ft) 11.7 21.7 11.7 21.7 11.5 27.0 10.0 18.0 8.5 23.7 8.8 19.7 10.8 14.9
Bankfull Mean Depth, Dbkf (ft) 0.6 1.3 0.6 1.0 0.5 1.0 0.6 1.3 0.5 0.9 0.5 1.1 0.4 1.0
Width to Depth Ratio, W/D (ft/ft) 10.1 30.4 10.7 17.0 12.3 53.7 7.8 34.2 9.7 48.1 7.7 34.3 10.4 40.1
Width Floodprone Area, Wfpa (ft) 18.0 410.0 20 410 35 410 35 40 35 40 35 40 35 40
Entrenchment Ratio, Wfpa/Wbkf (ft/ft) 1.1 32.0 1.7 32.0 2.2 3.7 1.9 3.5 1.7 4.1 2.0 4.0 2.7 3.2
Max Depth @ bkf, Dmax (ft) 0.9 2.5 0.9 2.5 1.1 1.8 1.1 2.3 1.0 1.8 1.1 1.9 0.7 2.1
Max Depth Ratio, Dmax/Dbkf 1.3 1.9 1.1 3.1 1.5 2.4 1.4 2.9 1.4 2.6 1.6 2.7 1.0 3.0
Max Depth @ tob, Dmaxtob (ft) 1.8 9.2 1.0 1.0 1.1 1.8 1.1 2.3 1.7 4.1 1.7 4.1 1.5 6.2
Bank Height Ratio, Dtob/Dmax (ft/ft) 2.0 3.7 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Meander Length, Lm (ft) 70 280 70 280 70 280 70 280 70 280 70 280 70 280
Meander Length Ratio, Lm/Wbkf 4.4 17.6 4.4 17.6 4 16 4 16 4 16 4 16 4 16
Radius of Curvature, Rc (ft) 19 47 28 47 28 47 28 47 28 47 28 47 28 47
Rc Ratio, Rc/Wbkf 1.1 3.0 2.0 3.0 2 3 2 3 2 3 2 3 2 3
Belt Width, Wblt (ft) 18 65 18 65 18 65 18 65 18 65 18 65 18 65
Meander Width Ratio, Wblt/Wbkf (ft) 1.1 4.1 1.1 4.1 1 4 1 4 1 4 1 4 1 4
Sinuosity, K 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.19 1.14 1.14 1.13 1.13 1.13 1.13
Valley Slope, Sval (ft/ft) 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396 0.0396
Channel Slope, Schan (ft/ft) 0.0333 0.0333 0.0333 0.0333 0.0280 0.0280 0.0280 0.0280 0.0346 0.0346 0.0350 0.0350 0.0350 0.0350
Slope Riffle, Srif (ft/ft) 0.0057 0.0625 0.0057 0.0625 0.0276 0.0613 ~ ~ 0.0248 0.1010 0.0180 0.0720 0.0110 0.1220
Riffle Slope Ratio, Srif/Schan 0.2 1.9 0.2 1.9 1.0 2.2 ~ ~ 0.7 2.9 0.5149 2.0571 0.3143 3.4857
Slope Pool, Spool (ft/ft) 0.0000 0.0050 0.0000 0.0050 ~ ~ ~ ~ 0.0000 0.0190 0.0000 0.0580 0.0000 0.0570
Pool Slope Ratio, Spool/Schan 0.00 0.15 0.00 0.15 ~ ~ ~ ~ 0.00 0.55 0.0000 1.6571 0.0000 1.6286
Pool Max Depth, Dmaxpool (ft) 2.2 2.5 2.2 2.5 1.9 2.8 2.6 2.9 1.8 3.2 2.6 3.5 4.4 5.3
Pool Max Depth Ratio, Dmaxpool/Dbkf 2.2 2.5 2.0 4.0 2.7 4.0 3.2 3.6 2.6 4.6 2.1 2.8 3.5 4.2
Pool Area, Apool (sq ft) 14.8 15.9 14.8 15.9 9.5 25.6 12.6 24.5 7.5 23.0 14.5 25.2 12.7 26.1
Pool Area Ratio, Apool/Abkf 1.1 1.2 1.1 1.2 0.9 2.3 1.0 2.0 0.7 2.3 1.4 2.4 1.5 3.2
Pool Width, Wpool (ft) 14.3 14.6 14.3 14.6 6.6 15.1 6.6 15.1 6.9 14.0 6.8 14.3 8.0 13.7
Pool Width Ratio, Wpool/Wbkf 0.7 1.2 0.9 0.9 0.4 0.9 0.4 0.9 0.4 0.8 0.5 1.1 0.6 1.1
Pool Length, Lpool (ft) 13.0 18.0 13.0 18.0 5.0 25.0 ~ ~ 6.1 22.0 5.7 28.1 3.5 19.1
Pool Length Ratio, Lpool/Wbkf 0.8 1.1 0.8 1.1 0.3 1.5 ~ ~ 0.4 1.3 0.6 1.4 0.3 1.3
Pool-Pool Spacing, Lps (ft) 48.0 231.0 48.0 231.0 11.0 128.0 ~ ~ 11.0 105.0 9.0 121.3 5.9 114.6
Pool-Pool Spacing Ratio, Lps/Wbkf 3.0 14.5 3.0 7.0 0.6 7.5 ~ ~ 0.7 6.2 1.0 6.2 0.5 7.7
d16 (mm) 5.6 5.6 5.6 5.6 0.17 0.17 9.60 9.60 9.08 9.08 0.97 0.97 5.75 5.75
d35 (mm) 14.3 14.3 14.3 14.3 13.77 13.77 20.37 20.37 21.53 21.53 26.72 26.72 18.15 18.15
d50 (mm) 30.8 30.8 30.8 30.8 30.43 30.43 31.26 31.26 33.60 33.60 40.56 40.56 40.45 40.45
d84 (mm) 88.4 88.4 88.4 88.4 81.40 81.40 82.06 82.06 74.53 74.53 87.24 87.24 118.81 118.81
d95 (mm) 110.0 110.0 110.0 110.0 145.40 145.40 125.63 125.63 115.98 115.98 127.72 127.72 197.44 197.44
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Mickey Reach
Longitudinal Profile
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Mickey Reach
Longitudinal Profile

Station 5+00 to 10+00
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Mickey Reach
Longitudinal Profile
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Mickey Reach
Longitudinal Profile
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Mickey Reach
Cross Section 6+68 -- Pool
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Mickey Reach
Cross Section 10+42 -- Riffle
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Mickey Reach
Cross Section 15+05 -- Riffle
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Mickey Reach
Cross Section 20+17 -- Pool
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Mickey Reach
Cross Section 20+81 -- Riffle
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2005 Sediment Particle Distribution by Layer
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2006 Sediment Particle Distribution by Layer
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2007 Sediment Particle Distribution by Layer
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2005 Sediment Particle Distribution by Layer
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2006 Sediment Particle Distribution by Layer

0

10

20

30

40

50

60

70

80

90

100

0.01 0.1 1 10 100 1000 10000

Particle Size - Finer Than (mm)

Pe
rc

en
t

Pavement
Subpavement

Mickey - XSEC4



2007 Sediment Particle Distribution by Layer
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Sediment Distribution by Feature 2005
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Sediment Distribution by Feature 2006
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Sediment Distribution by Feature 2007
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