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RESTORATION PLAN 

THREEMILE CREEK RESTORATION SITE 

AVERY COUNTY, NORTH CAROLINA 

(Contract #16-D06125-A) 

 
 

EXECUTIVE SUMMARY 

 

Restoration Systems, LLC is developing stream and wetland restoration plans for the Threemile Creek 

Restoration Site (Site) designed specifically to assist in fulfilling North Carolina Department of 

Environment and Natural Resources (NCDENR) Ecosystem Enhancement Program (EEP) restoration 

goals.  The Site is located in southwestern Avery County within 14-digit Hydrologic Unit and Targeted 

Local Watershed 06010108010020 approximately 5.2 miles northeast of Spruce Pine, North Carolina.  

The Site encompasses approximately 26.7 acres, consisting of 12,384 linear feet of existing stream 

channels and riparian buffer along Threemile Creek, 12 unnamed tributaries to Threemile Creek, and Fork 

Creek, 2.5 acres of drained hydric soils, and 2.3 acres of disturbed wetlands.  Approximately 6446 linear 

feet of stream restoration, 638 linear feet of stream enhancement (Level I), 875 linear feet of stream 

enhancement (Level II), 6744 linear feet of stream preservation, 2.5 acres of riverine wetland restoration, 

and 2.3 acres of riverine wetland enhancement are being proposed at the Site.   

 

Site drainage features provide water quality functions to an approximately 5.1-square mile watershed at 

the Site outfall.  The watershed is characterized by approximately 60 percent timber land, with the 

remainder comprised of agricultural land and sparse residential development.  Agricultural land is 

characterized by strawberry production, Fraser fir Christmas tree farms, and ornamental nurseries.  

Impervious surfaces account for less than five percent of the upstream watershed land surface.  The Site 

consists of Threemile Creek, 12 unnamed tributaries to Threemile Creek, Fork Creek, and adjacent 

floodplains, slopes, drained hydric soils, and forested wetlands.   

 

Restoration of Site streams and wetlands will result in positive benefits for water quality and biological 

diversity in the Threemile Creek watershed.  Restoration of onsite streams and wetlands will achieve the 

following goals: 

 

1. Remove nonpoint and point sources of pollution associated with agricultural practices including 
a) cessation of broadcasting fertilizer, pesticides, and other agricultural chemicals into and 

adjacent to the Site and b) provide a forested riparian buffer to treat surface runoff.  

2. Reduce sedimentation within onsite and downstream receiving waters by a) reducing bank 
erosion associated with vegetation maintenance and plowing adjacent to Site streams and 

wetlands and b) planting a forested riparian buffer adjacent to Site streams and wetlands. 

3. Reestablish stream stability and the capacity to transport watershed flows and sediment loads by 
restoring a stable dimension, pattern, and profile supported by natural in-stream habitat and 

grade/bank stabilization structures. 

4. Promote floodwater attenuation by a) reconnecting bankfull stream flows to the abandoned 
floodplain terrace; b) restoring secondary, dredged, straightened, and entrenched tributaries, 

thereby reducing floodwater velocities within smaller catchment basins; c) restoration of 

depressional floodplain wetlands and floodwater storage capacity within the Site, and d) 

revegetating Site floodplains to increase frictional resistance on floodwaters. 

5. Improve aquatic habitat with bed variability and the use of in-stream structures upstream of a 
reach identified by the North Carolina Wildlife Resources Commission as supporting naturally 

reproducing rainbow trout populations. 

6. Provide a terrestrial wildlife corridor and refuge in an area that is developed for agricultural 
production.   
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These goals will be achieved by: 

 

• Restoring approximately 6446 linear feet of stream channel through construction of stable Ce- 

and E-type channels (Priority I), thereby reestablishing stable dimension, pattern, and profile. 

• Enhancing (Level I) approximately 638 linear feet of stream channel by stabilizing banks and 

supplemental planting with native forest vegetation. 

• Enhancing (Level II) approximately 875 linear feet of stream channel by supplemental planting 

with native forest vegetation. 

• Preserving approximately 6744 linear feet of stream channel along a stable, forested reach.  

• Restoring approximately 2.5 acres of riverine wetlands by reconstructing Site tributaries within 

the floodplain, filling ditched channels, rehydrating floodplain soils, and planting with native 

forest vegetation. 

• Enhancing approximately 2.3 acres of cleared riverine wetlands by planting with native forest 

vegetation. 

• Planting a native forested riparian buffer adjacent to restored streams and within Site floodplains 

and wetlands. 

• Protecting the Site in perpetuity with a conservation easement. 

 

This project complies with interagency guidelines outlined in Information Regarding Stream Restoration 

with Emphasis on the Coastal Plain – Draft (USACE et al 2007), Stream Mitigation Guidelines (USACE 

et al 2003), Mitigation Site Type (MiST) documentation (USEPA 1990), and Compensatory Hardwood 

Mitigation Guidelines (DOA 1993).  Specifically Site selection, restoration goals, and monitoring 

procedures/objectives comply with project design considerations outlined by interagency guidance. 

 

This document represents a detailed restoration plan summarizing activities proposed within the Site.  The 

plan includes 1) details of existing conditions; 2) reference stream, wetland, and forest studies; 3) 

restoration plans; and 4) monitoring and success criteria.  Upon approval of this plan, engineering 

construction plans will be prepared and activities implemented as outlined.  Proposed restoration activities 

may be modified during the civil design stage due to constraints such as access issues, sediment-erosion 

control measures, drainage needs (floodway constraints), or other design considerations. 
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RESTORATION PLAN 

THREEMILE CREEK RESTORATION SITE 

AVERY COUNTY, NORTH CAROLINA 

(Contract #16- D06125-A) 

 
1.0 PROJECT SITE IDENTIFICATION AND LOCATION 

Restoration Systems, LLC is developing stream and wetland restoration plans for the Threemile Creek 

Restoration Site (hereafter referred to as the “Site”) designed specifically to assist in fulfilling North 

Carolina Department of Environment and Natural Resources (NCDENR) Ecosystem Enhancement 

Program (EEP) restoration goals.  The Site is located in southwestern Avery County approximately 5.2 

miles northeast of Spruce Pine, North Carolina (Figure 1, Appendix A).   

 

The Threemile Creek Restoration Site encompasses approximately 26.7 acres of land that is used for 

agricultural purposes.  Approximately 12,384 linear feet of existing stream channels associated with 

Threemile Creek, 12 unnamed tributaries to Threemile Creek, and Fork Creek, 2.5 acres of historic 

floodplain/riverine wetlands, and 2.3 acres of existing cleared riverine wetlands exhibit mitigation 

potential.  Agricultural practices including the maintenance and removal of riparian vegetation and 

relocation, dredging, and straightening of onsite streams have resulted in degraded water quality, unstable 

channel characteristics (stream entrenchment, erosion, and bank collapse), and reduced storage capacity 

and floodwater attenuation.  Table 1 identifies and locates specific stream and wetland mitigation 

objectives in contrast to existing conditions. 

 
Table 1.  Project Mitigation Objectives  

Restoration 

Segment/ 

Reach ID* 

Station 

Range 

Mitigation 

Type 

Priority 

Approach 

Existing 

Linear 

Footage/ 

Acreage 

Designed 

Linear 

Footage/ 

Acreage** 

Comment 

1+25-37+30 Restoration 1 3552 3557 
Restoration of a straightened 

channel on new location. 
Threemile 

Creek 37+30-

42+35 
Enhancement I 2 505 505 

Restoration of dimension and 

profile in the existing channel 

location. 

Fork Creek 0+00-1+58 Enhancement II NA 158 158 
Removal of invasive species 

and supplemental planting. 

Tributary 1 0+00-3+84 Restoration 1 172 384 
Restoration of a straightened 

channel on new location. 

0+00-1+33 Enhancement I 2 133 133 

Restoration of dimension and 

profile in the existing channel 

location. Tributary 2 

NA Enhancement II NA 351 351 
Removal of invasive species 

and supplemental planting. 

0+00-3+40 Restoration 1 252 340 

Restoration of a ditched and 

disturbed channel on new 

location. 
Tributary 3 

NA Preservation NA 1808 1808 Preservation of existing reach 

Tributary 

40+00-2+28 
Restoration 1 136 216 

Restoration of a ditched and 

disturbed channel on new 

location. 

 

 

Tributary 4 

 

 
NA Enhancement II NA 366 366 

Removal of invasive species 

and supplemental planting. 

 

Tributary 5 

 

0+00-2+44 Restoration 1 150 232 

Restoration of a ditched and 

disturbed channel on new 

location. 
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Tributary 5 

     Continued 
NA Preservation NA 931 931 

Preservation of stable, forested 

stream reaches. 

0+00-2+03 Restoration 1 124 191 

Restoration of a ditched and 

disturbed channel on new 

location. Tributary 6a 

NA Preservation NA 681 681 
Preservation of stable, forested 

stream reaches. 

0+00-1+49 Restoration 1 125 149 

Restoration of a ditched and 

disturbed channel on new 

location. Tributary 6b 

NA Preservation NA 323 323 
Preservation of stable, forested 

stream reaches. 

Tributary 7 0+00-2+75 Restoration 1 146 259 

Restoration of a ditched and 

disturbed channel on new 

location. 

0+00-7+66 Restoration 1 519 766 

Restoration of a ditched and 

disturbed channel on new 

location. 
Tributary 8 

242 Restoration 1 242 242 

Filling a ditched springhead 

systems and braiding 

restoration channel. 

Tributary 9 0+00-0+43 NA NA 0 43 
Tie spring head to design 

channel. 

Tributary 10 0+00-0+39 NA NA 0 39 
Tie spring head to design 

channel. 

0+00-1+10 Restoration 1 72 110 

Restoration of a ditched and 

disturbed channel on new 

location. Tributary 11 

NA Preservation NA 49 49 
Preservation of stable, forested 

stream reaches. 

Tributary 12 0+00-1+36 NA NA 136 136 
Tie spring head to design 

channel. 

Preservation 

Tributaries 
NA Preservation NA 2952 2952 

Preservation of stable, forested 

stream reaches. 

-- Restoration -- -- 2.5 

Reconstructing site tributaries, 

filling ditched channels and 

ditches, rehydrating floodplain 

soils, and planting with native 

forest vegetation. 

Riparian/ 

Riverine 

Wetlands 

-- Enhancement -- -- 2.3 
Planting with native forest 

vegetation. 

*  Locations of each tributary and restoration type are depicted on Figures 6A-6C (Restoration Plan) 

**  Proposed design linear footage excludes crossings or areas outside of easement; therefore, is slightly shorter than 

stationing depicts. 

 

Priority Approach 1 – Convert incised stream to stable stream at historic floodplain elevation 

Priority Approach 2 – Convert incised stream to stable stream and reestablish floodplain at present location 
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1.1 Directions to the Site 

 

� From Asheville or Raleigh, take I-40 to Marion; take NC 226 north through Linville Falls; go left 
on NC 194; site is ~4.5 miles on left 

� Or, From Asheville take 19/23 North to 19E through Spruce Pine to NC 194 
� Take a right on NC 194 and travel approximately 1.5 miles 
� The Site is on the right 
� Latitude, Longitude of Site:  35.9827°N, 81.9843°W (NAD83/WGS84) 

 

1.2 USGS Hydrologic Unit Code and NCDWQ River Basin Designation 

The Site is located within the French Broad River Basin in 14-digit United States Geological Survey 

(USGS) Hydrologic Unit and Targeted Local Watershed 06010108010020 North Carolina Division of 

Water Quality (NCDWQ) subbasin number 04-03-06 (Figure 2, Appendix A) (NCWRP 2005). 
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2.0 WATERSHED CHARACTERIZATION 

 

2.1 Drainage Area 

Threemile Creek has a watershed encompassing approximately 5.1 square miles at the Site outfall (Table 

2 and Figure 3, Appendix A).  The watershed is characterized by approximately 60 percent timber land, 

with the remainder comprised of agricultural land and sparse residential development.  Agricultural land 

is characterized by livestock production, Fraser fir Christmas tree farms, and ornamental nurseries.  

Impervious surfaces account for less than five percent of the upstream watershed land surface.  Onsite 

elevations range from a high of 3120 feet National Geodetic Vertical Datum (NGVD) on slopes to a low 

of approximately 2830 feet NGVD at the Site outlet (USGS Linville Falls, North Carolina 7.5-minute 

topographic quadrangle).   

 

Table 2.  Drainage Areas  
Drainage Area 

Reach 
Acreage Square Miles 

Tributary 1 30 0.05 

Tributary 2 20 0.03 

Tributary 3 30 0.05 

Tributary 4 10 0.02 

Tributary 5 20 0.03 

Tributary 6 15 0.02 

Tributary 7 115 0.2 

Tributaries 8-12 35 0.05 

Preservation Tributaries 35 0.05 

Fork Creek 1150 1.8 

Threemile Creek (at Site outfall) 3252 5.1 

 

2.2 Surface Water Classification/Water Quality 

Within the Site, Threemile Creek and its tributaries have been assigned Stream Index Number 7-2-25-

(0.7) and a Best Usage Classification of WS-IV Tr (NCDWQ 2007).  Streams with a designation WS-IV 

are protected as water supplies, which are generally in moderately to highly developed watersheds.  These 

waters are suitable for all Class C uses including aquatic life propagation and survival, fishing, wildlife, 

secondary recreation, and agriculture.  Secondary recreation includes wading, boating, and other uses not 

involving human body contact with waters on an organized or frequent basis.  The designation Tr (Trout 

Waters) includes areas protected for natural trout propagation and survival of stocked trout.  

 

Threemile Creek and its tributaries are not listed on the NCDWQ final 2004 or draft 2006 303(d) lists; 

however, the receiving water of the North Toe River (Stream Index Number 7-2-[27.7]b) is listed on the 

draft 2006 303(d) list for impaired biological integrity and turbidity (NCDWQ 2006a, 2006b). 

 

2.3 Physiography, Geology, and Soils 

The Site is located in the Blue Ridge Physiographic Province in the Southern Crystalline Ridges and 

Mountains ecoregion of North Carolina within USGS Cataloging Unit 06010108 of the French Broad 

River Basin.  Regional physiography is characterized by low to high mountains, gently rounded to steep 

slopes, narrow valleys, and high gradient streams with bedrock and boulder substrates (Griffith 2002).   

 

Soils that occur within the Site, according to the Soil Survey of Avery County, North Carolina (USDA 

1955) are described in Table 3. 
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Table 3.  Soils Mapped within the Site 

Soil Series 
Hydric 

Status 
Family Description 

Chandler Nonhydric 
Typic 

Dystrudepts 

This series consists of very deep, somewhat excessively 

drained, moderately rapid permeable soils of gently to steeply 

sloping ridges and side slopes.  Slopes are generally between 

2 and 95 percent.  Bedrock occurs at a depth of more than 60 

inches. 

Cullowhee Nonhydric 
Fluvaquentic 

Dystrudepts 

This series consists of somewhat poorly drained, moderately 

rapid permeable soils on floodplains.  Slopes are generally 

between 0 and 3 percent.  These soils are very deep, with 

bedrock occurring at a depth of more than 80 inches. 

Nikwasi Class A 
Cumulic 

Humaquepts 

This series consists of poorly drained and very poorly drained, 

moderately rapid permeable soils on floodplains.  Slopes are 

generally between 0 and 3 percent.  Bedrock occurs at a depth 

of more than 60 inches. 

Micaville Nonhydric 
Typic 

Dystrudept 

This series consists of deep, somewhat excessively drained, 

moderately rapid permeable soils of ridges and side slopes.  

Slopes are generally between 8 and 95 percent.  Bedrock 

occurs at a depth of more than 60 inches. 

Saunook Nonhydric 
Humic 

Hapludults 

This series consists of very deep, well-drained, moderately 

permeable soils on benches, fans, and toe slopes in coves.  

Slopes are generally between 2 and 60 percent.  Bedrock 

occurs at a depth of more than 60 inches. 

Thunder Nonhydric 
Humic 

Hapludults 

This series consists of very deep, well-drained, moderately 

rapid permeable soils on colluvial toe slopes, in drainageways, 

and in coves.  Slopes are generally between 2 and 80 percent.  

Bedrock occurs at a depth of more than 60 inches. 

 

Two distinct land features occur within the Site boundaries: floodplain and side slope.  Floodplains are 

underlain by soils of the Cullowhee, Saunook, and Nikwasi soil series.  Side slopes are underlain by soils 

of the Saunook-Thunder complex and Chandler-Micaville complex.   

 

Natural Resource Conservation Service mapping (USDA 1955) indicates that hydric soils within the Site 

are Nikwasi loam, which occurs centrally within the Site.  Detailed soil mapping conducted by a licensed 

soil scientist on May 30, 2007 indicates that hydric soils also occur along the upper and lower reaches of 

the Site, as depicted in Figure 4 (Appendix A).  Landscape alterations associated with current land use 

practices including ditching of the floodplain and rerouting of streams to the floodplain edge have 

resulted in a loss of hydrology to onsite hydric soils.  

 

2.4 Historical Land Use and Development Trends 

Land use within the Site watershed is dominated by forest, agricultural land, and sparse 

industrial/residential development (Table 4).  Impervious surfaces account for less than 5 percent of the 

upstream watershed land surface.   

 

Table 4.  Drainage Area Land Use  
Land Use Acreage Percentage 

Forest Land 2552 78.5 

Agricultural Land 630 19.4 

Industrial/Residential Development 70 2.1 

Total 3252 100 
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Onsite land use is characterized by agricultural land utilized for Christmas tree and ornamental landscape 

nursery plant production, timber harvest, and livestock grazing (Figure 4, Appendix A).  Riparian 

vegetation adjacent to Site streams is primarily sparse and disturbed due to plowing and regular 

maintenance.  In addition, the Site hydric soils may have historically been characterized as palustrine 

forested wetlands.  Soils within these areas have been disturbed due to agricultural activities including 

regular plowing and vegetation maintenance, hoof shear from livestock, and the removal of groundwater 

hydrology inputs from the rerouting and straightening of Site tributaries. 

 

2.5 Threatened and Endangered Species 

Based on the most recently updated (05-10-07) county-by-county database of federally listed species in 

North Carolina as posted by the United States Fish and Wildlife Service (USFWS) at http://nc-

es.fws.gov/es/countyfr.html, nine federally protected species are listed in Avery County.  Table 5 lists 

these species and indicates if suitable habitat exists within the Site.  An approved Categorical Exclusion 

Document is provided in Appendix E. 

 

Table 5.  Federally Protected Species for Avery County 

Common Name Scientific Name Status* 
Habitat Present 

Within Site 
Biological Conclusion 

Bog turtle Clemmys muhlenbergii 
Threatened 

(S/A) 
Yes N/A 

Carolina northern flying 

squirrel 

Glaucomys sabrinus 

coloratus 
Endangered No No Effect 

Virginia big-eared bat 
Corynorhinus townsendii 

virginianus 
Endangered No No Effect 

Spruce-fir moss spider Micohexura montivaga Endangered No No Effect 

Blue Ridge goldenrod Solidago spithamaea Threatened No No Effect 

Heller’s blazing star Liatris helleri Threatened No No Effect 

Roan Mountain bluet 
Hedyotis purpurea var. 

montana 
Endangered No No Effect 

Spreading avens Geum radiatum Endangered No No Effect 

Rock gnome lichen Gymnoderma lineare Endangered No No Effect 
*Endangered = a taxon “in danger of extinction throughout all or a significant portion of its range”; Threatened = a taxon “likely to become 
endangered within the foreseeable future throughout all or a significant portion of its range”; Threatened (S/A) = a species that is threatened due 

to similarity of appearance with other rare species and is listed for its protection; these species are not biologically endangered or threatened and 

are not subject to Section 7 consultation. 

 

Bog Turtle 

Suitable habitat does occur within the Site for the bog turtle; however, the portion of the site where this 

habitat occurs is not slated for construction activities.  Furthermore, this species’ status is threatened due 

to similarity of appearance (T (S/A)) with another rare species and is not subject to Section 7 consultation 

in North Carolina. 

 

Virginia big-eared bat 

The Virginia big-eared bat can forage in riparian areas, but usually nests or roosts in caves.  No caves are 

located within the Site nor in areas adjacent to the Site.  While it is appropriate to realize that bats of more 

than one species probably forage in or near the Site, it is a fact that nesting opportunities are not available 

for bats that require caves, or which utilize certain trees with exfoliating bark.  Bitternut and shag-bark 

hickory are not found within the Site.  Based on these factors it can be concluded that the project will 

have No Effect on the Virginia big-eared bat.   

 

Most of the other listed species for Avery County depend upon high elevation (over 3300 feet) and/or 

rocky cliff habitats, which do not exist within the Site.  This includes the Carolina northern flying 

squirrel, spruce-fir moss spider, Heller’s blazing star, Blue Ridge goldenrod, Roan Mountain bluet, 
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spreading avens and rock gnome lichen. The Site is largely contained within a fluvial floodplain at or 

below 3000 feet in elevation; therefore, no suitable habitat exists for these species.  Based on the absence 

of suitable habitat it is reasonable to conclude the project will have No Effect on these species.   

 

North Carolina Natural Heritage Program (NCNHP) records were reviewed on March 7, 2006 and no 

known documents occur within the Site.  Bog turtles were documented to occur approximately 1 mile 

northeast of the Site near the town of Pyatte and approximately 1 mile downstream/southwest of the Site 

near Mullin Hill.  In addition, a Significant Natural Heritage Area, Mullin Hill Bog, and a Natural 

Community, Southern Appalachian Bog, are documented to occur approximately 1 mile southwest of the 

Site near Mullin Hill. 

 

One designated unit of Critical Habitat for spruce-fir moss spider is located in Avery County; however, 

this habitat occurs above 5400 feet in elevation and the project will not affect this Designated Critical 

Habitat.  

 

2.6 Cultural Resources 

The term “cultural resources” refers to prehistoric or historic archaeological sites, structures, or artifact 

deposits over 50 years old.  “Significant” cultural resources are those that are eligible or potentially 

eligible for inclusion in the National Register of Historic Places.  Evaluations of site significance are 

made with reference to the eligibility criteria of the National Register (36 CFR 60) and in consultation 

with the North Carolina State Historic Preservation Office (SHPO).  Concurrence has been received from 

SHPO for this project and is provided in Appendix E. 

 

A thorough review of state and local data was performed prior to initiating field investigations.  This 

review included the examination of archaeological records at the North Carolina Office of Stat 

Archeology (OSA), architectural records at the Survey and Planning Branch of the North Carolina 

Division of Archives and History, and historic documents, maps, and publications held at the State 

Library of North Carolina.  All three repositories are located in Raleigh, North Carolina.  Data collected 

during the background research provided information necessary to understand the historic context of any 

resources identified during the survey.  The data also enabled an assessment of existing cultural resources 

within the project area.  

 

Archaeological surveys were completed at the Site on April 17-18, 2007 by Legacy Research Associates, 

Inc. to locate, document, and conduct National Register of Historic Places (NRHP) eligibility evaluations 

for archaeological resources that may be affected by this project.   

 

Archaeological investigations consisted of pedestrian surveys, informant interviews, and subsurface 

shovel testing within the project Area of Potential Effects (APE).  Surveys resulted in the recording of 

three archaeological sites: 1) site 31AV120 located within the APE, 2) site 31AV119 adjoining the APE, 

and 3) site 31AV121** located outside the APE.  Table 6 summarizes each of the sites; no further work is 

recommended for any of the sites; however the boundary of site 31AV119 adjoins the project APE and 

should not be used as a temporary staging area during construction.  In site 31AV119 should be flagged 

as an avoidance area during construction implementation to ensure its integrity throughout project 

implementation.  If the site cannot be avoided, further archaeological work will be necessary. 

 

2.7 Interagency Guidance 

This project complies with interagency guidelines outlined in Information Regarding Stream Restoration 

with Emphasis on the Coastal Plain – Draft (USACE et al 2007), Stream Mitigation Guidelines (USACE 

et al 2003), Mitigation Site Type (MiST) documentation (USEPA 1990), and Compensatory Hardwood 

Mitigation Guidelines (DOA 1993).  Specifically Site selection, restoration goals, and monitoring 

procedures/objectives comply with project design considerations outlined by interagency guidance. 
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Table 6.  Recorded Archaeological Sites 
Site 

Number 
Component(s) Description 

NRHP Eligibility 

Recommendation 
Project Recommnedation 

31AV119 

Prehistoric, 

Middle Archaic to 

Early Woodland 

Long-term 

habitation 

Eligible under 

Criterion D for 

information potential 

No further work; however, the 

boundary of the site adjoins the project 

APE and should not be used as a 

temporary staging area during 

construction 

31AV120 
Unknown 

Prehistoric 

Lithic isolated 

find 
Not eligible No further work 

31AV121** 
Historic, early 

19
th
 century 

Cemetery 

Eligible under 

Criterion B for 

association with the 

lives of past 

significant persons 

No further work, located outside 

project APE 

NRHP – National Register of Historic Places 

 

2.7.1 Site Selection 

Site selection considerations including 8-digit Cataloging Unit; 14-digit Hydrologic Unit; physiographic 

region; wildlife habitat uplift; biological, chemical, and physical integrity; and flow regime were 

considered during Site selection and design.  In addition, the Site is located in a Targeted Local 

Watershed (06010108010020), a water supply watershed, and, based on a meeting with North Carolina 

Wildlife Resources (NCWRC) representatives, is upstream from a reach of Threemile Creek that supports 

naturally reproducing populations of rainbow trout. 

 

Based on recent guidance from USACE and NCDWQ (USACE et al 2007), the primary Site selection 

metric is flow regime and/or the historic presence of a stream prior to ditching or other impacts.  This 

guidance suggests a minimum drainage basin of 50 acres, the presence of a defined valley with latitudinal 

and longitudinal slope, and soils conducive of natural stream formation.   

 

Stream restoration reaches are characterized by drainage areas ranging from 0.02 to 5.1 square miles (10 

to 3264 acres) which are situated in steeply sloped alluvial/colluvial floodplains.  Although some Site 

tributaries are characterized by drainage areas smaller than 50 acres, mountain streams such as Site 

tributaries frequently originate at spring heads which are perennial.  Onsite tributaries support 

characteristics (benthic macroinvertabrates, defined valleys, substrate different from the adjacent 

landscape, and hydrologic flow) indicative of a perennial flow regime.   

 

2.7.2 Project Design Considerations 

Site evaluations and goals focus on functional lift associated with project implementation.  Agency 

guidance indicates that in the Mountain and Piedmont regions deforestation, stream channelization, and/or 

damage to the riparian buffer are most often targeted as potential restoration sites.  Decreasing sinuosity 

and bank destabilization are primary indicators of increased sediment input and unnatural sediment 

transport, leading to degradation of water quality and habitat (USACE 2007).  In addition elevated water 

temperatures and lack of well-developed structures and pools have a direct effect on resident and 

downstream trout populations. 

 

2.7.3 Site Monitoring 

In Mountain and Piedmont settings it is widely accepted that restoring pre-impacted pattern, dimension, 

and profile to impacted stream reaches and replacing structure will result in improved stability, water 

quality, and habitat (USACE 2007).  In these systems, measuring physical properties of pattern, 
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dimension, and profile is typically appropriate for estimating function.  Stream monitoring and success 

criteria associated with this project conform to these fundamental tenets. 

 

2.8 Potential Constraints 

The presence of conditions or characteristics that have the potential to hinder restoration activities on the 

Site was evaluated.  The evaluation focused primarily on the presence of hazardous materials, utilities and 

restrictive easements, rare/threatened/endangered species or critical habitats, and the potential for 

hydrologic trespass.  Existing information regarding Site constraints was acquired and reviewed.  In 

addition, any Site conditions that have the potential to restrict the restoration design and implementation 

were documented during the field investigation. 

 

No evidence of natural or man-made conditions was identified with the potential to impede the proposed 

restoration activities (see attached Categorical Exclusion Document in Appendix E). 

 

2.8.1 Property Ownership and Boundaries 

The Site is located within one parcel owned by the Spry family.  A permanent conservation easement 

totaling 26.68 acres will encompass Site restoration activities. 
 

2.8.2 Project Access 

The Site is located immediately adjacent to Highway 194.  A transportation plan, including the location of 

access routes and staging areas will be designed to minimize disturbance to the maximum extent feasible.  

The number of transportation access points into the floodplain will be maximized to avoid traversing long 

distances through the Site interior. 

 

2.8.3 Utilities 

Site restoration activities will not disturb any utilities. 

 

2.8.4 FEMA/Hydrologic Trespass 

A detailed HEC-RAS analysis is being conducted for this project to ensure that the project will not affect 

adjacent properties and will result in “no rise” to existing flood elevations.  Currently the Site is not 

included in detailed FEMA studies of flood elevations; therefore, preparation of  CLOMAR/LOMAR is 

not a requirement for this project.  However, updated FEMA mapping is expected to be released later this 

year which may include the Site.  Coordination with FEMA will be conducted, if necessary, prior to 

initiating Site construction activities.  The HEC-RAS is discussed in more detail in Section 6.3 (HEC-

RAS Analysis). 

 

2.8.5 Trout Moratorium 

Site reviews with NCWRC representative Bob Brown indicate that downstream reaches of Threemile 

Creek contain naturally reproducing populations of rainbow trout.  Therefore a trout moratorium 

extending from January 1 to April 15 will be adhered to for this project.  No ground disturbing activities 

will occur during the moratorium period unless coordination with NCWRC representatives occurs and 

compliance is received. 
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3.0 SITE STREAMS (EXISTING CONDITIONS) 

Streams targeted for restoration include Threemile Creek, unnamed tributaries 1-12 to Threemile Creek, 

and Fork Creek, which have been dredged, straightened, rerouted, or otherwise impacted within the Site.  

Current Site conditions have resulted in degraded water quality, a loss of aquatic habitat, reduced nutrient 

and sediment retention, and unstable channel characteristics (loss of horizontal flow vectors that maintain 

pools and an increase in erosive forces to channel bed and banks).  In addition, the lack of deep-rooted 

riparian vegetation, and continued clearing and dredging of Site steams have exacerbated erosion adjacent 

to Site channels.  Site restoration activities will restore riffle-pool morphology, aid in energy dissipation, 

increase aquatic habitat, stabilize channel banks, and greatly reduce sediment loss from channel banks. 

 

3.1 Channel Classification 

Stream geometry and substrate data have been evaluated to classify existing stream conditions based on a 

classification utilizing fluvial geomorphic principles (Rosgen 1996a).  This classification stratifies 

streams into comparable groups based on pattern, dimension, profile, and substrate characteristics.  

Primary components of the classification include degree of entrenchment, width-depth ratio, sinuosity, 

channel slope, and stream substrate composition.  Existing Site reaches are classified as unstable Ce-type 

(moderately entrenched, high to moderate width-depth ratio) and E-type (moderately entrenched, low 

width-depth ratio) streams.  Each stream type is modified by a number 1 through 6 (e. g., E5), denoting a 

stream type which supports a substrate dominated by 1) bedrock, 2) boulders, 3) cobble, 4) gravel, 5) 

sand, or 6) silt/clay.  Locations of existing stream reaches and cross-sections are depicted in Figure 4 

(Appendix A).  Stream geometry measurements under existing conditions are summarized in the 

Morphological Stream Characteristics Table (Table 7) and Appendix B.   

 

Bed and bank erosion typically leads to channel downcutting and evolution from a stable E-type channel 

into a G-type (gully) channel.  Continued erosion eventually results in lateral extension of the G-type 

channel into an F-type (widened gully) channel.  The F-type channel will continue to widen laterally until 

the channel is wide enough to support a stable C-type or E-type channel at a lower elevation so that the 

original floodplain is no longer subject to regular flooding.  Existing stream characteristics are 

summarized below. 

 

3.2 Discharge 

Threemile Creek has an approximately 5.1-square mile watershed at the Site outfall and a bankfull 

discharge of 90 cubic feet per second.  Site tributaries drainage areas range from 0.02 to 0.2-square mile 

with bankfull discharges ranging from 1.6 to 8.4 cubic feet per second, respectively. 

 
3.3 Channel Morphology 

Site streams have been impacted by land clearing, erosive flows, plowing, and manipulation of channels 

including straightening and rerouting.  Plowing, deforestation, and hoof shear near stable streams 

typically leads to channel adjustments including increases in bank erosion, width/depth ratio, stream 

gradient, and sediment supply.  In addition, these impacts may lead to decreases in channel sinuosity, 

meander-width-ratios, and sediment transport capacity (Rosgen 1996b).  Onsite streams are expected to 

continue to erode and deposit sediment into receiving streams until a stable stream pattern has been 

carved from the adjacent floodplain.  

 

Dimension: Site streams have been dredged and straightened and are classified as unstable Ce-

type and E-type reaches.  Cross-sectional areas of Site streams are approximately 2 to 4 times larger than 

predicted for this study.  For example, the upstream reach of the Main Channel currently has a cross-

sectional area of 79.8 to 141.5 square feet compared to the 36.5 square feet predicted by this study.  

Channel incision is indicated by bank-height ratios ranging from 1.5 to 2.5.  The channels are currently 

characterized by eroding banks as the channels attempt to enlarge to a stable cross-sectional area as 

described in the evolutionary process outlined above. 



Stream Type

Drainage Area (mi
2
)

Bankfull Discharge (cfs)

Bankfull Cross-Sectional Area (Abkf) 46.0 20.2 36.5 36.5 53.0 53.0 26.8 26.8 4.0 4.0

Existing Cross-Sectional Area (Aexisting) 45.9 - 46.1 19.9 - 20.4 79.8 - 141.5 36.5 91.0 - 95.5 53.0 24.5 - 28.5 26.8 10.2 - 14.6 4.0

Mean:     30.1 Mean:     12.5 Mean: 20.7 Mean:     22.6 Mean: 20.7 Mean:     27.2 Mean: 12.5 Mean:     19.4 Mean: 5.3 Mean:     5.7

Range:  27.2 - 33.0 Range:  11.8 - 13.2 Range: 17.4 - 23.0 Range:  20.9 - 24.2 Range: 18.7 - 22.6 Range:  25.2 - 29.1 Range: 12.0 - 13.0 Range:  17.9 - 20.7 Range: 4.4 - 6.1 Range:  4.9 - 6.3

Mean:     1.6 Mean:     1.6 Mean: 1.8 Mean:     1.6 Mean: 2.6 Mean:     1.9 Mean: 1.9 Mean:     1.4 Mean: 0.8 Mean:     0.7

Range:  1.4 - 1.7 Range:  1.5 - 1.7 Range: 1.6 - 2.1 Range:  1.5 - 1.8 Range: 2.3 - 2.8 Range:  1.8 - 2.1 Range: 1.8 - 2.0 Range:  1.3 - 1.5 Range: 0.7 - 0.9 Range:  0.6 - 0.8

Mean:      2.4 Mean:      1.9 Mean: 2.3 Mean:      2.1 Mean: 3.3 Mean:      2.5 Mean: 3.6 Mean:      1.8 Mean: 1.4 Mean:      0.8

Range:  2.2 - 2.6 Range:  Range: 1.9 - 2.9 Range:  2.0 - 2.3 Range: 3.2 - 3.3 Range:  2.3 - 2.7 Range: 3.3 - 3.9 Range:  1.7 - 2.0 Range: 1.3 - 1.4 Range:  0.7 - 1.0

Mean:      24.4 Mean:      15.7 Mean:      29.4 Mean:      35.4 Mean:      25.2 Mean:      7.4

Range:  23.8 - 25.0 Range:  Range:  22.0 - 36.2 Range:  27.2 - 43.5 Range:  19.4 - 31.0 Range:  5.7 - 9.1

Mean:     2.7 Mean:     2.7 Mean:     2.7 Mean:     3.2 Mean:     2.4 Mean:     1.2

Range:   2.6 - 2.7 Range:   Range:   1.9 - 3.5 Range:   2.3 - 4.2 Range:   1.7 - 3.1 Range:   0.8 - 1.5

Mean:       100.0 Mean:       75.0 Mean: 77.3 Mean:       75.0 Mean: 150.0 Mean:       150.0 Mean: 100.0 Mean:       100.0 Mean: 13.0 Mean:       15.0

Range:  Range:  Range: 32.0 - 100.0 Range:  50.0 - 100.0 Range: Range:  80.0 - 200.0 Range: Range:  75.0 - 125.0 Range: 8.0 - 18.0 Range:  8.0 - 20.0

Mean:     3.4 Mean:     6.0 Mean: 3.9 Mean:     3.3 Mean: 7.3 Mean:     5.5 Mean: 8.0 Mean:     5.2 Mean: 2.4 Mean:     2.6

Range:  3.0 - 3.7 Range:  5.7 - 6.4 Range: 1.5 - 5.7 Range:  2.2 - 4.4 Range: 6.6 - 8.0 Range:  2.9 - 7.4 Range: 7.7 - 8.3 Range:  3.9 - 6.4 Range: 1.8 - 3.0 Range:  1.4 - 3.5

Mean:      20.0 Mean:      7.8 Mean: 11.9 Mean:      14.0 Mean: 8.2 Mean:      14.0 Mean: 6.6 Mean:      14.0 Mean: 7.1 Mean:      8.0

Range:   16.1 - 23.8 Range:   7.0 - 8.5 Range: 8.2 - 14.5 Range:   12.0 - 16.0 Range: 6.6 - 9.7 Range:   12.0 - 16.0 Range: 6.1 - 7.1 Range:   12.0 - 16.0 Range: 4.9 - 9.3 Range:   6.0 - 10.0

Mean:    1.6 Mean:    1.2 Mean: 1.3 Mean:    1.2 Mean: 1.3 Mean:    1.2 Mean: 1.9 Mean:    1.2 Mean: 1.7 Mean:    1.2

Range:  1.5 - 1.6 Range:  1.1 - 1.3 Range: 1.2 - 1.4 Range:  1.0 - 1.4 Range: 1.2 - 1.4 Range:  1.0 - 1.4 Range: 1.7 - 2.2 Range:  1.0 - 1.4 Range: 1.4 - 2.0 Range:  1.0 - 1.4

Mean:    1.3 Mean:    1.0 Mean: 2.1 Mean:    1.0 Mean: 1.5 Mean:    1.0 Mean: 1.1 Mean:    1.0 Mean: 1.8 Mean:    1.0

Range:   1.0 - 1.6 Range:   Range: 1.9 - 2.5 Range:   1.0 - 1.3 Range: Range:   1.0 - 1.3 Range: 1.0 - 1.1 Range:   1.0 - 1.3 Range: 1.5 - 2.2 Range:   1.0 - 1.3

Maximum Pool Depth / Bankfull Mean:     1.7 Mean:     1.7 Mean:     1.7 Mean:     1.7 Mean:     1.7 Mean:     1.7

     Mean Depth (Dpool/Dbkf) Range:   1.6 - 1.9 Range:   1.6 - 1.8 Range:   1.2 - 2.2 Range:   1.2 - 2.2 Range:   1.2 - 2.2 Range:   1.2 - 2.2

Pool Width / Bankfull Mean:      0.8 Mean:      1.3 Mean:      1.3 Mean:      1.3 Mean:      1.3 Mean:      1.3

     Width (W pool/Wbkf) Range:   0.7 - 0.9 Range:   1.2 -1.3 Range:   1.0 - 1.6 Range:   1.0 - 1.6 Range:   1.0 - 1.6 Range:   1.0 - 1.6

Pool Area / Bankfull Mean:   0.9 Mean:   1.4 Mean:   1.4 Mean:   1.4 Mean:   1.4 Mean:   1.4

     Cross Sectional Area Range:  0.9 - 1.0 Range:  1.4 - 1.5 Range:  1.0 - 1.8 Range:  1.0 - 1.8 Range:  1.0 - 1.8 Range:  1.0 - 1.8

Existing Main Channel 

Downstream of Fork Creek
PROPOSED

Table 7.  Morphological Stream Characteristics Table

Three Mile Stream and Wetland Restoration Site

Variables REFERENCE- STONE MTN PROPOSED
Existing Main Channel 

Upstream of Fork Creek

Existing Channel               

Fork Creek
REFERENCE- CRANBERRY

Cb3

56.3

Dimension Variables

Width / Depth Ratio (W bkf/Dbkf)

Entrenchment Ratio (W fpa/Wbkf)

E4

0.707.46

28.7

Bankfull Width (W bkf)

Bankfull Mean Depth (Dbkf)

Bankfull Maximum Depth (Dmax)

75.3

Dimension Ratios

Pool Width (W pool)

Maximum Pool Depth (Dpool)

Width of Floodprone Area (W fpa)

Ce4

2.70

56.3

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

Ce4

2.70

E4

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

Ce4

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

Dimension Ratios

Dimension Variables

4.70

5.1

Dimension Ratios

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

5.1

0.10 0.10

Tributaries PROPOSED

E4/5 E4

Max. Dbkf / Dbkf Ratio

Low Bank Height / Max. Dbkf  Ratio

E5

40.2 40.2

Ce4

1.704.70

Dimension Ratios

1.70

84.4 84.4

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

Dimension Variables Dimension Variables

PROPOSED

Dimension Variables

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

Dimension Ratios

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities



Med:      104.3 Med:      54.8 Med:      90.4 Med:      126.0 Med:      77.6 Med:      22.8

Range:   65.2 - 166.7 Range:   37.0 - 82.6 Range:   67.8 - 135.6 Range:   75.6 - 176.4 Range:   58.2 - 116.4 Range:   17.1 - 34.2

Med:      199.4 Med:      103.8 Med:      192.1 Med:      214.2 Med:      164.9 Med:      48.5

Range:   101.7 - 273.2 Range:   76.6 - 131.0 Range:   135.6 - 226.0 Range:   151.2 - 252.0 Range:   116.4 - 194.0 Range:   34.2 - 57.0

Med:      46.8 Med:      23.3 Med:      45.2 Med:      50.4 Med:      38.8 Med:      11.4

Range:   40.0 - 55.0 Range:   16.0 - 27.6 Range:   27.1 - 67.8 Range:   30.2 - 75.6 Range:   23.3 - 58.2 Range:   6.8 - 17.1

Med:      94.5 Med:      47.0 Med:      90.4 Med:      100.8 Med:      77.6 Med:      22.8

Range:   62.4 - 312.1 Range:   30.5 - 65.7 Range:   45.2 - 226.0 Range:   50.4 - 252.0 Range:   38.8 - 194.0 Range:   11.4 - 57.0

Sinuosity (Sin)

Pool to Pool Spacing/ Med:      3.5 Med:      4.4 Med:      4.0 Med:      4.0 Med:      4.0 Med:      4.0

      Bankfull Width (Lp-p/Wbkf) Range:   2.2 - 5.5 Range:   3.0 - 6.6 Range:   3.0 - 6.0 Range:   3.0 - 6.0 Range:   3.0 - 6.0 Range:   3.0 -6.0

Meander Length/ Med:      6.6 Med:      8.3 Med:      8.5 Med:      8.5 Med:      8.5 Med:      8.5

     Bankfull Width (Lm/Wbkf) Range:   3.4 - 9.1 Range:   6.1 - 10.5 Range:   6.0 - 10.0 Range:   6.0 - 10.0 Range:   6.0 - 10.0 Range:   6.0 - 10.0

Meander Width Ratio Med:      1.6 Med:      1.8 Med:      2.0 Med:      2.0 Med:      2.0 Med:      2.0

     (Wbelt/Wbkf) Range:   1.3 - 1.8 Range:   1.3 - 2.2 Range:   1.2 - 3.0 Range:   1.2 - 3.0 Range:   1.2 - 3.0 Range:   1.2 - 3.0

Radius of Curvature/ Med:      3.1 Med:      3.8 Med:      4.0 Med:      4.0 Med:      4.0 Med:      4.0

      Bankfull Width (Rc/W bkf) Range:   2.1 - 10.4 Range:   2.4 - 5.3 Range:   2.0 - 10.0 Range:   2.0 - 10.0 Range:   2.0 - 10.0 Range:   2.0 - 10.0

Mean:  0.0118 Mean:  0.0195 Mean:  0.0243 Mean:  0.0243 Mean:  0.0255 Mean:  0.0255

Range: 0.0026 - 0.0183 Range: 0.0178 - 0.0225 Range: 0.0194 - 0.0291 Range: 0.0194 - 0.0291 Range: 0.0204 - 0.0306 Range: 0.0204 - 0.0306

Mean:  0.0097 Mean:  0.0015 Mean:  0.0019 Mean:  0.0019 Mean:  0.0020 Mean:  0.0020

Range: 0 - 0.0254 Range: 0.0002 - 0.0036 Range: 0 - 0.0039 Range: 0 - 0.0039 Range: 0 - 0.0041 Range: 0 - 0.0041

Mean:  0.0085 Mean:  0 Mean:  0.0039 Mean:  0.0039 Mean:  0.0041 Mean:  0.0041

Range: 0.0030 - 0.0202 Range: Range: 0 - 0.0078 Range: 0 - 0.0078 Range: 0 - 0.0082 Range: 0 - 0.0082

Mean:  0.0041 Mean:  0.0028 Mean:  0.0029 Mean:  0.0029 Mean:  0.0031 Mean:  0.0031

Range: 0 - 0.0083 Range: 0.0001 - 0.0054 Range: 0 - 0.0078 Range: 0 - 0.0078 Range: 0 - 0.0082 Range: 0 - 0.0082

Riffle Slope/ Water Surface Mean:  0.98 Mean:  1.74 Mean:  2.50 Mean:  2.50 Mean:  2.50 Mean:  2.50

     Slope (Sriffle/Save) Range: 0.21 - 1.51 Range: 1.59 - 2.01 Range: 2.0 - 3.0 Range: 2.0 - 3.0 Range: 2.0 - 3.0 Range: 2.0 - 3.0

Pool Slope/Water Surface Mean:  0.80 Mean:  0.13 Mean:  0.20 Mean:  0.20 Mean:  0.20 Mean:  0.20

     Slope (Spool/Save) Range: 0 - 2.10 Range: 0.02 - 0.32 Range: 0 - 0.4 Range: 0 - 0.4 Range: 0 - 0.4 Range: 0 - 0.4

Run Slope/Water Surface Mean:  0.70 Mean:  0.00 Mean:  0.40 Mean:  0.40 Mean:  0.40 Mean:  0.40

     Slope (Srun/Save) Range: 0.25 - 1.67 Range: Range: 0 - 0.8 Range: 0 - 0.8 Range: 0 - 0.8 Range: 0 - 0.8

Glide Slope/Water Surface Mean:  0.34 Mean:  0.25 Mean:  0.30 Mean:  0.30 Mean:  0.30 Mean:  0.30

     Slope (Sglide/Save) Range: 0 - 0.69 Range: 0.01 - 0.48 Range: 0 - 0.8 Range: 0 - 0.8 Range: 0 - 0.8 Range: 0 - 0.8

Average Water Surface Slope (Save)

0.0131

Belt Width (W belt)

1.041.20

Radius of Curvature (Rc)

Profile Variables

Pattern Ratios

Meander Length (Lm)

Pattern Variables

Pool to Pool Spacing (Lp-p)

Pattern Ratios

1.10

Pattern Variables

PROPOSED

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

1.08

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

Pattern Variables

Pattern Ratios

1.10

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

0.0103 0.0097

0.0112 0.0112

Profile Ratios

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

Profile Ratios

Pattern Ratios

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

0.0103 0.0102

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

1.08

0.0112 0.0112

Pattern Variables

0.0112

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

Pattern Variables

1.08 1.10

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

Pattern Ratios

Profile Ratios

0.0103 0.0102

Profile Variables

REFERENCE- STONE MTN REFERENCE- CRANBERRY
Existing Main Channel 

Upstream of Fork Creek
PROPOSED

Table 7.  Morphological Stream Characteristics Table (continued)

Three Mile Stream and Wetland Restoration Site

Existing Main Channel 

Downstream of Fork Creek

0.0112

Profile Variables

1.10

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

0.0103

0.0112

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

0.0097

0.0112

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

1.08

0.0121

Variables

Glide Slope (Sglide)

0.0116

Riffle Slope (Sriffle)

Profile Ratios

0.0112

Run Slope (Srun)

Pool Slope (Spool) No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

No distinctive repetitive 

pattern of riffles and pools 

due to staightening activities

Profile Ratios

Profile Variables

Valley Slope (Svalley)

Profile Variables

Existing Channel              

Fork Creek
PROPOSED Tributaries PROPOSED
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Pattern: Straightening of the channels has resulted in a loss of pattern variables such as belt-

width, meander wavelength, pool-to-pool spacing, and radius of curvature.  The channels are currently 

characterized by low sinuosities of 1.08 (thalweg distance/straight-line distance) with no distinct 

repetitive pattern of riffles and pools due to straightening activities.     

 

Profile: The average water surface slope for the Site measures approximately 0.0103 (rise/run).  

Typically, dredging and straightening will oversteepen a channel reducing channel length over a 

particular drop in valley slope.  In addition, dredging and straightening channels disturbs perpendicular 

flow vectors that maintain riffles and pools, resulting in headcuts, oversteepened riffles, and loss of pools.   

 

The channel is characterized by a lack of pools, structure, woody debris, coarse substrate, and 

gravel glides which are primary feeding and nesting habitat features for resident trout populations. 

 

Substrate: Channel substrate is characterized by gravel- or sand-sized particles.  Stable, 

undisturbed streams in the area are characterized by cobble and gravel substrate with gravel in pools and 

glides.  Existing fine grained substrate results from excessive bank erosion and a lack of sediment 

transport capacity in the onsite streams.   

 

3.4 Channel Stability Assessment 

 

3.4.1 Stream Power 

Stability of a stream refers to its ability to adjust itself to inflowing water and sediment load.  One form of 

instability occurs when a stream is unable to transport its sediment load, leading to aggradation, or 

deposition of sediment onto the stream bed.  Conversely, when the ability of the stream to transport 

sediment exceeds the availability of sediments entering a reach, and/or stability thresholds for materials 

forming the channel boundary are exceeded, erosion or degradation occurs.  

 

Stream power is the measure of a stream’s capacity to move sediment over time.  Stream power can be 

used to evaluate the longitudinal profile, channel pattern, bed form, and sediment transport of streams.  

Stream power may be measured over a stream reach (total stream power) or per unit of channel bed area.  

The total stream power equation is defined as: 

 

Ω = ρgQs 

 

where Ω = total stream power (ft-lb/s-ft), ρ = density of water (lb/ft
3
), g = gravitational acceleration 

(ft/s
2
), Q = discharge (ft

3
/sec), and s = energy slope (ft/ft).  The specific weight of water (γ = 62.4 lb/ft

3
) is 

equal to the product of water density and gravitational acceleration, ρg.  A general evaluation of power 

for a particular reach can be calculated using bankfull discharge and water surface slope for the reach.  As 

slopes become steeper and/or velocities increase, stream power increases and more energy is available for 

reworking channel materials.  Straightening and clearing channels increases slope and velocity and thus 

stream power.  Alterations to the stream channel may conversely decrease stream power.  In particular, 

over-widening of a channel will dissipate energy of flow over a larger area.  This process will decrease 

stream power, allowing sediment to fall out of the water column, possibly leading to aggradation of the 

stream bed.   

 

The relationship between a channel and its floodplain is also important in determining stream power.  

Streams that remain within their banks at high flows tend to have higher stream power and relatively 

coarser bed materials.  In comparison, streams that flood over their banks onto adjacent floodplains have 

lower stream power, transport finer sediments, and are more stable.  Stream power assessments can be 
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useful in evaluating sediment discharge within a stream and the deposition or erosion of sediments from 

the stream bed. 

 

3.4.2 Shear Stress 

Shear stress, expressed as force per unit area, is a measure of the frictional force that flowing water exerts 

on a streambed.  Shear stress and sediment entrainment are affected by sediment supply (size and 

amount), energy distribution within the channel, and frictional resistance of the stream bed and bank on 

water within the channel.  These variables ultimately determine the ability of a stream to efficiently 

transport bedload and suspended sediment. 

 

For flow that is steady and uniform, the average boundary shear stress exerted by water on the bed is 

defined as follows: 

 

τ = γ Rs 

 

where τ = shear stress (lb/ft
2
), γ = specific weight of water, R = hydraulic radius (ft), and s = the energy 

slope (ft/ft).  Shear stress calculated in this way is a spatial average and does not necessarily provide a 

good estimate of bed shear at any particular point.  Adjustments to account for local variability and 

instantaneous values higher than the mean value can be applied based on channel form and irregularity.  

For a straight channel, the maximum shear stress can be assumed from the following equation: 

 

τmax = 1.5τ 

 

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

characteristics: 

τmax = 2.65τ(Rc /Wbkf)
-0.5
 

 

where Rc = radius of curvature (ft) and Wbkf = bankfull width (ft). 

 

Shear stress represents a difficult variable to predict due to variability of channel slope, dimension, and 

pattern.  Typically, as valley slope decreases channel depth and sinuosity increase to maintain adequate 

shear stress values for bedload transport.  Channels that have higher shear stress values than required for 

bedload transport will scour bed and bank materials, resulting in channel degradation.  Channels with 

lower shear stress values than needed for bedload transport will deposit sediment, resulting in channel 

aggradation. 

 

The actual amount of work accomplished by a stream per unit of bed area depends on the available power 

divided by the resistance offered by the channel sediments, plan form, and vegetation.  The stream power 

equation can thus be written as follows: 

 

ω = ρgQs = τv 

 

where ω = stream power per unit of bed area (N/ft-sec, Joules/sec/ft
2
), τ = shear stress, and v = average 

velocity (ft/sec).  Similarly, 

 

ω = Ω/Wbkf 

 

where Wbkf = width of stream at bankfull (ft). 
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3.4.3 Stream Power and Shear Stress Methods and Results 

Channel degradation or aggradation occurs when hydraulic forces exceed or do not approach the resisting 

forces in the channel.  The amount of degradation or aggradation is a function of relative magnitude of 

these forces over time.  The interaction of flow within the boundary of open channels is only imperfectly 

understood.  Adequate analytical expressions describing this interaction have yet to be developed for 

conditions in natural channels.  Thus, means of characterizing these processes rely heavily upon empirical 

formulas. 

 

Traditional approaches for characterizing stability can be placed in one of two categories: 1) maximum 

permissible velocity and 2) tractive force, or stream power and shear stress.  The former is advantageous 

in that velocity can be measured directly.  Shear stress and stream power cannot be measured directly and 

must be computed from various flow parameters.  However, stream power and shear stress are generally 

better measures of fluid force on the channel boundary than velocity. 

 

Using these equations, stream power and shear stress were estimated for 1) existing dredged and 

straightened reaches, 2) the reference reaches, and 3) proposed Site conditions.  Important input values 

and output results (including stream power, shear stress, and per unit shear power and shear stress) are 

presented in Table 8.  Average stream velocity and discharge values were calculated for the existing Site 

stream reaches, the reference reach, and proposed conditions.   

 

In order to maintain sediment transport functions of a stable stream system, the proposed channel should 

exhibit stream power and shear stress values so that the channel is neither aggrading nor degrading.  

Results of the analysis indicate that proposed channel reaches are expected to maintain stream power as a 

function of width values comparable to that of the reference reaches when taking into consideration the 

watershed side and expected bankfull discharge and far below existing values for degraded reaches.   

 

Stream power and shear stress values are higher for the existing, dredged and straightened reaches than 

for proposed channels.  Existing reaches are degrading as evidenced by bank erosion, channel incision, 

and bank-height ratios ranging from 1.5 to 2.5; degradation has resulted from a combination of water 

surface slopes that have been steepened, channel straightening, dredging, and trampling by livestock.  

Stream power and shear stress values for the proposed channels should be lower than for existing 

channels to effectively transport sediment through the Site without eroding and downcutting, resulting in 

stable channel characteristics. 

 

Reference reach values for stream power and shear stress are similar to values for the proposed Threemile 

Creek channel.  Values are slightly higher than for the proposed tributaries; however, the watershed sizes 

and bankfull discharges are larger resulting in higher stream power and shear stress values.  The reference 

reaches are characterized by fully forested riparian fringes and are therefore able to resist stream power 

and shear stress of these magnitudes.  However, the proposed channels will be devoid of deep-rooted 

vegetation; therefore, proposed targets for stream power and shear stress values should be slightly less 

than predicted for the reference reach. 

 

3.5 Bankfull Verification 

Discharge estimates for the Site utilize an assumed definition of “bankfull” and the return interval 

associated with that bankfull discharge.  For this study, the bankfull channel is defined as the channel 

dimensions designed to support the “channel forming” or “dominant” discharge (Gordon et al. 1992).  

Current research also estimates the bankfull discharge would be expected to occur approximately every 

1.3 to 1.5 years (Rosgen 1996a, Leopold 1994).   
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Table 8.  Stream Power (ΩΩΩΩ) and Shear Stress (ττττ) Values 

 

Discharge 

(ft
2
/s) 

Water 

Surface 

Slope 

(ft/ft) 

Total 

Stream 

Power 

(ΩΩΩΩ) 

Total 

Stream 

Power/Ban

kfull Width 

(ΩΩΩΩ/W) 

Hydraulic 

Radius 

Shear 

Stress 

(ττττ) 

Velocity 

(v) ττττ v ττττmax 

Existing Conditions 

Threemile Creek (upstream) 56.3 0.0103 36.19 1.75 4.55 2.93 0.51 1.49 4.39 

Threemile Creek (downstream) 84.4 0.0103 54.25 2.62 3.60 2.31 0.91 2.09 3.47 

Tributaries  5.1 0.0103 3.28 0.62 1.80 1.16 0.41 0.48 1.73 

Reference Reaches 

Stone Mountain Reference  75.3 0.0121 56.83 1.89 1.38 1.04 1.64 1.71 1.56 

Cranberry Reference  28.7 0.0112 20.06 1.60 1.29 0.90 1.42 1.28 1.35 

Proposed Conditions 

Threemile Creek (upstream) 56.3 0.0097 34.08 1.51 1.41 0.86 1.54 1.32 1.28 

Threemile Creek (downstream) 84.4 0.0097 51.09 1.88 1.71 1.03 1.59 1.65 1.55 

Tributaries  5.1 0.0102 3.25 0.57 0.56 0.36 1.28 0.46 0.54 

 

The Site is located in the Mountain Physiographic province; therefore, regional curves for the Mountains 

(Harman et al. 2001) were utilized and verified by regional regression equations, Cowan’s roughness 

equation method, and reference stream data.   

 
Based on available Mountain regional curves, the bankfull discharge is approximately 139.1 cubic feet 

per second for Stone Mountain, 24.7 cubic feet per second for Cranberry Creek, and 99.3 cubic feet per 

second for the onsite cross-section with bankfull indicators (Harman et al. 2001).  The USGS regional 

regression equation for the Blue Ridge-Piedmont region indicates that bankfull discharge for Stone 

Mountain, Cranberry Creek, and the onsite cross-section with bankfull indicators at a 1.3 to 1.5 year 

return interval average approximately 385 to 410 cubic feet per second, 65 to 80 cubic feet per second, 

and 260 to 300 cubic feet per second, respectively (USGS 2003), which are above estimates based on 

field indicators and regional curves as discussed below (plots are included in Appendix C).  In addition, a 

stream roughness coefficient (n) was estimated using a version of Arcement and Schneider’s (1989) 

weighted method for Cowan’s (1956) roughness component values and applied to the following equation 

(Manning 1891) to obtain a bankfull discharge estimate. 

 

Qbkf = [1.486/n] * [A*R2/3*S1/2] 

 

where, A equals bankfull area, R equals bankfull hydraulic radius, and S equals average water surface 

slope.  The Manning’s “n” method indicates that bankfull discharge for averages approximately 206.5 

cubic feet per second for Stone Mountain, 102.6 cubic feet per second for Cranberry Creek, and 234.2 

cubic feet per second for the onsite cross-section, which are also above estimates based on field indicators 

and regional curves as discussed below.   

 

Field indicators of bankfull and riffle cross-sections were utilized to obtain an average bankfull cross-

sectional area for the reference reaches and onsite cross-section.  The Mountain regional curves were then 

utilized to plot the watershed area and discharge for the reference reach cross-sectional area.  Field 

indicators of bankfull approximate an average discharge of 75.3 cubic feet per second for Stone 

Mountain, 28.7 for Cranberry Creek, and 84.4 for the onsite cross-section, which is approximately 54 

percent, 116 percent, and 85 percent of that predicted by the Mountain regional curves.   
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To verify regional curves and USGS regression models gauged streams are typically analyzed to 

determine a return interval for momentary peak discharges.  However, no stations are located within 

Avery County; stations  located in the surrounding counties have drainage areas of 60-plus square miles 

that are not comparable to the 0.7 and 7.5-square mile reference sites.     

 

Based on the above analysis of methods to determine bankfull discharge, proposed conditions at the Site 

will be based on bankfull indicators found on the onsite cross-section with bankfull indicators and an 

average of the two reference site, which resulted in an area 85 percent of the size indicated by Mountain 

regional curves.  Table 9 summarizes all methods analyzed for estimating bankfull discharge.  

 

3.6 Vegetation 

The Site is characterized predominately by agricultural land utilized for strawberry production, Fraser fir 

Christmas tree farms, and ornamental nurseries.  The Site is regularly maintained and cleared in support 

of land use practices leaving soils disturbed and exposed to the edges of the stream banks.  South facing 

slopes are characterized by mesic hardwood forest that is frequently harvested for timber.  North facing 

slopes are characterized by evergreen stands and are suitable for Fraser fir Christmas tree farming, which 

is a large economic feature of Avery County.  Riparian vegetation adjacent to Site streams is 

predominantly disturbed (Figure 4, Appendix A). 

 

Table 9.  Reference Reach Bankfull Discharge Analysis 

Method 

Watershed Area 

(square miles) 

Return Interval 

(years) 

Discharge              

(cfs) 

Onsite Cross-section with Bankfull Indicators 

Mountain Regional Curves (Harman et al. 2001) 4.7 1.3 – 1.5 99.3 

Blue Ridge-Piedmont Regional Regression Model  

(USGS 2003) 4.7 1.3 – 1.5 260 - 300 

Manning's "n" using Cowan's Method (1956) 4.7 NA 234.2 

Field Indicators of Bankfull  4.7 1.3 – 1.5 84.4 

Stone Mountain Reference Reach 

Mountain Regional Curves (Harman et al. 2001) 7.5 1.3 – 1.5 139.1 

Blue Ridge-Piedmont Regional Regression Model  

(USGS 2003) 7.5 1.3 – 1.5 385 - 410 

Manning's "n" using Cowan's Method (1956) 7.5 NA 206.5 

Field Indicators of Bankfull  7.5 1.3 – 1.5 75.3 

Cranberry Creek Reference Reach 

Mountain Regional Curves (Harman et al. 2001) 0.7 1.3 – 1.5 24.7 

Blue Ridge-Piedmont Regional Regression Model  

(USGS 2003) 0.7 1.3 – 1.5 65 - 80 

Manning's "n" using Cowan's Method (1956) 0.7 NA 102.6 

Field Indicators of Bankfull  0.7 1.3 – 1.5 28.7 
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4.0 REFERENCE STREAMS 

Distinct bankfull indicators were present within the reference stream channels.  In addition, dimension, 

pattern, and profile variables have not been altered or degraded, allowing for assistance with the proposed 

restoration reaches (Figure 5A-B, Appendix A). 

 

4.1 Stone Mountain Reference Reach 

 

4.1.1 Watershed Characterization  

Stone Mountain is located in northern Wilkes County in Stone Mountain State Park (Figure 1, Appendix 

A).  Alterations, development, and impervious surfaces within the watershed are minimal. 

 

4.1.2 Channel Classification 

Stream geometry and substrate data have been evaluated to classify the reference reach based on a 

classification utilizing fluvial geomorphic principles (Rosgen 1996a).  This classification stratifies 

streams into comparable groups based on pattern, dimension, profile, and substrate characteristics.  The 

reference reach is characterized as a Cb-type, low sinuosity (1.08) channel with a cobble-dominated 

substrate.  Cb-type streams are characterized as slightly to moderatly entrenched, riffle-pool channels 

exhibiting a moderate to high width-depth ratio.  Cb-type streams often occur in narrower valleys with 

moderately-developed alluvial floodplains.   

 

4.1.3 Discharge 

The reference stream has an approximately 7.5-square mile watershed and a bankfull discharge of 75.3 

cubic feet per second based on bankfull indicators. 

 
4.1.4 Channel Morphology 

Stream cross-sections and profiles were measured along the reference stream (Figure 5A, Appendix A).  

The stream reach is transporting its sediment supply while maintaining stable dimension, pattern, and 

profile.  Stream geometry measurements for the reference stream are summarized in the Morphological 

Stream Characteristics Table (Table 7).   

 

Dimension: Data collected at the reference reach indicates a bankfull cross-sectional area of 46.0 

square feet, a bankfull width of 30.1 feet, a bankfull depth of 1.6 feet, and a width-to-depth ratio of 20.0.  

Regional curves predict that the stream should exhibit a bankfull cross-sectional area of approximately 

85.0 square feet for the approximate 7.5-square mile watershed (Harman et al. 2001), slightly above the 

46.0-square feet displayed by channel bankfull indicators identified in the field.  For a more detailed 

discussion on bankfull verification see Section 3.5 (Bankfull Verification). 

 

The reference reach exhibits a bank-height ratio averaging 1.3, which is slightly high for a stable Cb-type 

channel.  In addition, the width of the floodprone area is approximately 100 feet giving the channel an 

entrenchment ratio of 3.0 to 3.7, typical of a stable C-type channel.   

 

Pattern: In-field measurements of the reference reach have yielded an average sinuosity of 1.2 

(thalweg distance/straight-line distance).  Other channel pattern attributes include an average pool-to-pool 

spacing ratio (Lp-p/Wbkf) of 3.5, a meander wavelength ratio (Lm/Wbkf) of 6.6, and a radius of curvature 

ratio (Rc/Wbkf) of 3.1.  These variables were measured within a stable, forested reach, which did not 

exhibit any indications of pattern instability such as shoot cutoffs, abandoned channels, or oxbows. 

 

Profile: Based on elevational profile surveys, the reference reach is characterized by a valley 

slope of 0.0131 (rise/run).  Ratios of the reference reach riffle, run, pool, and glide slopes to average 

water surface slope are 0.98, 0.80, 0.70, and 0.34, respectively.   
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Substrate: The channel is characterized by a channel substrate dominated by cobble-sized 

particles.   

 

4.2 Cranberry Creek Reference Reach 

 

4.2.1 Watershed Characterization  

Cranberry Creek is located in Burke County east of the Site (Figure 1, Appendix A).  Alterations, 

development, and impervious surfaces within the watershed are minimal. 

 

4.2.2 Channel Classification 

The reference reach is characterized as an E-type, low sinuosity (1.04) channel with a cobble-dominated 

substrate.  E-type streams are characterized as slightly entrenched, riffle-pool channels.  In North 

Carolina, E-type streams often occur in narrow to wide valleys with well-developed alluvial floodplains 

(Valley Type VIII).  E-type channels are typically considered stable; however, these streams are sensitive 

to upstream drainage basin changes and/or channel disturbance, and may rapidly convert to other stream 

types.   

 

4.2.3 Discharge 

The reference stream has an approximately 0.7-square mile watershed and a bankfull discharge of 28.7 

cubic feet per second based on bankfull indicators. 

 
4.2.4 Channel Morphology 

Stream cross-sections and profiles were measured along the reference stream (Figure 5B, Appendix A).  

The stream reach is transporting its sediment supply while maintaining stable dimension, pattern, and 

profile.  Stream geometry measurements for the reference stream are summarized in the Morphological 

Stream Characteristics Table (Table 7).   

 

Dimension: Data collected at the reference reach indicates a bankfull cross-sectional area of 20.2 

square feet, a bankfull width of 12.5 feet, a bankfull depth of 1.6 feet, and a width-to-depth ratio of 7.8.  

Regional curves predict that the stream should exhibit a bankfull cross-sectional area of approximately 

17.4  square feet for the approximate 0.7-square mile watershed (Harman et al. 2001), slightly below the 

20.2-square feet displayed by channel bankfull indicators identified in the field.  For a more detailed 

discussion on bankfull verification see Section 3.5 (Bankfull Verification). 

 

The reference reach exhibits a bank-height ratio of 1.0, which is representative of a stable E-type channel.  

In addition, the width of the floodprone area is approximately 75 feet giving the channel an entrenchment 

ratio of 5.7 to 6.4, typical of a stable E-type channel.   

 

Pattern: In-field measurements of the reference reach have yielded an average sinuosity of 1.04 

(thalweg distance/straight-line distance).  Other channel pattern attributes include an average pool-to-pool 

spacing ratio (Lp-p/Wbkf) of 4.4, a meander wavelength ratio (Lm/Wbkf) of 8.3, and a radius of curvature 

ratio (Rc/Wbkf) of 3.8.  These variables were measured within a stable, forested reach, which did not 

exhibit any indications of pattern instability such as shoot cutoffs, abandoned channels, or oxbows. 

 

Profile: Based on elevational profile surveys, the reference reach is characterized by a valley 

slope of 0.0116 (rise/run).  Ratios of the reference reach riffle, run, pool, and glide slopes to average 

water surface slope are 1.74, 0.13, 0, and 0.25, respectively.   

 

Substrate: The channel is characterized by a channel substrate dominated by Cobble-sized 

particles.   
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4.3 Reference Forest Ecosystem 

According to Mitigation Site Classification (MiST) guidelines (USEPA 1990), a Reference Forest 

Ecosystem (RFE) must be established for restoration sites.  RFEs are forested areas on which to model 

restoration efforts of the restoration site in relation to soils and vegetation.  RFEs should be ecologically 

stable climax communities and should represent believed historical (predisturbance) conditions of the 

restoration site.  Quantitative data describing plant community composition and structure are collected at 

the RFEs and subsequently applied as reference data for design of the restoration Site planting scheme. 

 

The RFE for this project is located on the Stone Mountain Reference reach.  The RFE supports plant 

community and landform characteristics that restoration efforts will attempt to emulate.  Tree and shrub 

species identified within the reference forest and outlined in Table 9 will be used, in addition to other 

relevant species in appropriate Schafale and Weakley (1990) community descriptions. 

 

Table 9.  Reference Forest Ecosystem 
Piedmont/Low Mountain Alluvial Forest 

Canopy Species Understory Species 

white pine (Pinus strobus) dogwood (Cornus florida) 

white oak (Quercus alba) ironwood (Carpinus caroliniana) 

sycamore (Platanus occidentalis) spice bush (Lindera benzoin) 

black locust (Robinia pseudoacacia) rhododendron (Rhododendron sp.) 

red maple (Acer rubrum) wild azalea (Rhododendron periclymenoides) 

red oak (Quercus sp.) strawberry bush (Euonymous americana) 

black cherry (Prunus serotina)  

tulip poplar (Liriodendron tulipifera)  

hemlock (Tsuga sp.)  
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5.0 SITE WETLAND (EXISTING CONDITIONS) 

 

5.1 Jurisdictional Wetlands 

Jurisdictional wetland limits are defined using criteria set forth in the Corps of Engineers Wetlands 

Delineation Manual (Environmental Laboratory 1987).  As stipulated in this manual, the presence of three 

clearly defined parameters (hydrophytic vegetation, hydric soils, and evidence of wetland hydrology) are 

required for a wetland jurisdictional determination.   

 

Hydric soil limits were mapped in the field during May 2007 by a Licensed Soil Scientist.  Based on field 

surveys, approximately 2.3 acres of cleared jurisdictional wetlands currently occur within the Site 

enhancement areas (Figure 4, Appendix A).  An additional 2.5 acres of drained hydric soils occur within 

the Site restoration areas.  The drained hydric soils have been significantly disturbed by compaction due 

to agricultural practices; relocation, dredging, straightening, and rerouting of Site streams; ditching of 

fields; and removal of vegetation and are effectively drained below jurisdictional wetland hydrology 

thresholds. 

 

During stream enhancement and restoration implementation approximately 0.3 to 0.5 acres of 

jurisdictional wetland will be temporarily impacted.  Specifically, Tributary 2 will be enhanced and 

Tributary 3 will be restored within the jurisdictional wetland area boundaries (Stream Enhancement and 

Restoration is described in Section 6.2 Restoration Plan).  Upon completion of stream 

enhancement/restoration activities, the jurisdictional wetlands will be enhanced through vegetative 

plantings and will continue to exhibit jurisdictional wetland characteristics. 

 

5.2 Hydrological Characterization 

Areas of the Site targeted for riverine wetland restoration will receive hydrological inputs from periodic 

overbank flooding of the restored tributaries, groundwater migration into the wetlands, upland/stormwater 

runoff, and, to a lesser extent, direct precipitation. 

 

5.3 Soil Characteristics 

Restorable portions of the Site are underlain by hydric Nikwasi soils.  Soils have been impacted by 

plowing, land clearing, ditching, agricultural production, in addition to landscape alterations associated 

with dredging and straightening of stream channels.  A typical profile is as follows. 
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5.4 Plant Community Characterization 

Historically, Site wetlands may have supported a community similar to a Piedmont/Low Mountain 

Alluvial Forest (Schafale and Weakley 1990).  Piedmont/Low Mountain Alluvial Forest communities 

typically occur on river and stream floodplains and are seasonally or intermittently flooded.   

 

Typical species of this community, according to Schafale and Weakley include river birch (Betula nigra), 

sycamore (Platanus occientalis), sweetgum (Liquidambar styraciflua), tulip poplar (Liriodendron 

tulipifera), American elm (Ulmus americana), hackberry (Celtis laevigata), green ash (Fraxinus 

pennsylvanica), bitternut hickory (Carya cordiformis), and shagbark hickory (Carya ovata).  Understory 

species typically include ironwood (Carpinus caroliniana), box elder (Acer negundo), red maple (Acer 

rubrum), pawpaw (Asiminia triloba), and American holly (Ilex opaca).   
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6.0 SITE RESTORATION PLAN 

 

6.1 Project Goals 

Restoration of Site streams and wetlands will result in positive benefits for water quality and biological 

diversity in the Threemile Creek watershed.  Restoration of onsite streams and wetlands will achieve the 

following goals: 

 

1. Remove nonpoint and point sources of pollution associated with agricultural practices including 
a) cessation of broadcasting fertilizer, pesticides, and other agricultural chemicals into and 

adjacent to the Site and b) provide a forested riparian buffer to treat surface runoff.  

2. Reduce sedimentation within onsite and downstream receiving waters by a) reducing bank 
erosion associated with vegetation maintenance and plowing adjacent to Site streams and 

wetlands and b) planting a forested riparian buffer adjacent to Site streams and wetlands. 

3. Reestablish stream stability and the capacity to transport watershed flows and sediment loads by 
restoring a stable dimension, pattern, and profile supported by natural in-stream habitat and 

grade/bank stabilization structures. 

4. Promote floodwater attenuation by a) reconnecting bankfull stream flows to the abandoned 
floodplain terrace; b) restoring secondary, dredged, straightened, and entrenched tributaries, 

thereby reducing floodwater velocities within smaller catchment basins; c) restoration of 

depressional floodplain wetlands and floodwater storage capcity within the Site, and d) 

revegetating Site floodplains to increase frictional resistance on floodwaters. 

5. Improve aquatic habitat with bed variability and the use of in-stream structures upstream of a 
reach identified by the North Carolina Wildlife Resources Commission as supporting naturally 

reproducing rainbow trout populations.  

6. Provide a terrestrial wildlife corridor and refuge in an area that is developed for agricultural 
production.   

 

 

These goals will be achieved by: 

 

• Restoring approximately 6446 linear feet of stream channel through construction of stable Ce- 

and E-type channels (Priority I), thereby reestablishing stable dimension, pattern, and profile. 

• Enhancing (Level I) approximately 638 linear feet of stream channel by stabilizing banks and 

supplemental planting with native forest vegetation. 

• Enhancing (Level II) approximately 875 linear feet of stream channel by supplemental planting 

with native forest vegetation. 

• Preserving approximately 6744 linear feet of stream channel along a stable, forested reach.  

• Restoring approximately 2.5 acres of riverine wetlands by reconstructing Site tributaries within 

the floodplain, filling ditched channels, rehydrating floodplain soils, and planting with native 

forest vegetation. 

• Enhancing approximately 2.3 acres of cleared riverine wetlands by planting with native forest 

vegetation. 

• Planting a native forested riparian buffer adjacent to restored streams and within Site floodplains 

and wetlands. 

• Protecting the Site in perpetuity with a conservation easement. 

 

6.2 Restoration Plan 

The complete restoration plan is depicted in Figures 6A-6C (Appendix A).  Components of this plan may 

be modified based on construction or access constraints.  Primary activities proposed at the Site include 1) 

stream restoration, 2) stream enhancement (level I and level II), 3) stream preservation, 4) wetland 
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restoration, 5) wetland enhancement, 6) soil scarification, and 7) plant community restoration.  A 

monitoring plan and contingency plan are outlined in Section 7 (Performance Criteria) of this document. 

 

6.2.1 Stream Restoration 

This stream restoration effort is designed to restore a stable, meandering stream on new location that 

approximates hydrodynamics, stream geometry, and local microtopography relative to reference 

conditions.  Geometric attributes for the existing, degraded channels and the proposed, stable channels are 

listed in Table of Morphological Stream Characteristics (Table 7). 

 

An erosion control plan and construction/transportation plan are expected to be developed during the next 

phase of this project.  Erosion control will be performed locally throughout the Site and will be 

incorporated into construction sequencing.  Exposed surficial soils at the Site are unconsolidated, alluvial 

sediments, which do not revegetate rapidly after disturbance; therefore, seeding with appropriate grasses 

and immediate planting with disturbance-adapted shrubs will be employed following the earth-moving 

process.  In addition, onsite root mats (seed banks) and vegetation will be stockpiled and redistributed 

after disturbance. 

 

A transportation plan, including the location of access routes and staging areas will be designed to 

minimize disturbance to existing vegetation and soils to the extent feasible.  The number of transportation 

access points into the floodplain will be maximized to avoid traversing long distances through the Site’s 

interior. 

 
6.2.1.1 Stream Construction 

Primary activities designed to restore the channels include 1) belt-width preparation and grading, 2) 

floodplain bench excavation, 3) channel excavation, 4) installation of channel plugs, and 5) backfilling of 

the abandoned channel. 

 

Belt-width Preparation and Grading 

Care will be taken to avoid the removal of existing, deeply rooted vegetation within the belt-width 

corridor, which may provide design channel stability.  Material excavated during grading will be 

stockpiled immediately adjacent to channel segments to be abandoned and backfilled.  These segments 

will be backfilled after stream diversion is completed.   

 

Spoil material may be placed to stabilize temporary access roads and to minimize compaction of the 

underlying floodplain.  However, all spoil will be removed from floodplain surfaces upon completion of 

construction activities. 

 

After preparation of the corridor, the design channel and updated profile survey will be developed and the 

location of each meander wavelength plotted and staked along the profile.  Pool locations and relative 

frequency configurations may be modified in the field based on local variations in the floodplain profile.  

 

Floodplain Bench Excavation 

The creation of a bankfull, floodplain bench is expected to 1) remove the eroding material and collapsing 

banks, 2) promote overbank flooding during bankfull flood events, 3) reduce the erosive potential of flood 

waters, and 4) increase the width of the active floodplain.  Bankfull benches may be created by 

excavating the adjacent floodplain to bankfull elevations or filling eroded/abandoned channel areas with 

suitable material.  After excavation, or filling of the bench, a relatively level floodplain surface is 

expected to be stabilized with suitable erosion control measures.  Planting of the bench with native 

floodplain vegetation is expected to reduce erosion of bench sediments, reduce flow velocities in flood 

waters, filter pollutants, and provide wildlife habitat. 
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Channel Excavation 

The channel will be constructed within the range of values depicted in the Table of Morphological Stream 

Characteristics (Table 7).  Figure 7 (Appendix A) provides proposed cross-sections, plan views, and 

profiles for the constructed channel.  

 

The stream banks and local belt-width area of constructed channels will be immediately planted with 

shrub and herbaceous vegetation.  Deposition of shrub and woody debris into and/or overhanging the 

constructed channel is encouraged.   

 

Particular attention will be directed toward providing vegetative cover and root growth along the outer 

bends of each stream meander.  Live willow stake revetments, available root mats, and/or biodegradable, 

erosion-control matting may be embedded into the break-in-slope to promote more rapid development of 

an overhanging bank.  Willow stakes will be purchased and/or collected onsite and inserted through the 

root/erosion mat into the underlying soil.   

 

Channel Plugs 

Impermeable plugs will be installed along abandoned channel segments.  The plugs will consist of low-

permeability materials or hardened structures designed to be of sufficient strength to withstand the erosive 

energy of surface flow events across the Site.  Dense clays may be imported from off-site or existing 

material, compacted within the channel, may be suitable for plug construction.  The plug will be of 

sufficient width and depth to form an imbedded overlap in the existing banks and channel bed. 

 
Channel Backfilling 

After impermeable plugs are installed, the abandoned channel will be backfilled.  Backfilling will be 

performed primarily by pushing stockpiled materials into the channel.  The channel will be filled to the 

extent that onsite material is available and compacted to maximize microtopographic variability, 

including ruts, ephemeral pools, and hummocks in the vicinity of the backfilled channel.   

 

A deficit of fill material for channel backfill may occur.  If so, a series of closed, linear depressions may 

be left along confined channel segments.  Additional fill material for critical areas may be obtained by 

excavating shallow depressions along the banks of these planned, open-channel segments.  These 

excavated areas will represent closed linear, elliptical, or oval depressions.  In essence, the channel may 

be converted to a sequence of shallow, ephemeral pools adjacent to effectively plugged and backfilled 

channel sections.  These pools are expected to stabilize and fill with organic material over time.  

Vegetation debris (root mats, top soils, shrubs, woody debris, etc.) will be redistributed across the backfill 

area upon completion.  

 

6.2.1.2 Marsh Treatment Areas 

Shallow wetland marsh treatment areas will be excavated in the floodplain to intercept surface waters 

draining through agricultural areas prior to discharging into the mainstem Threemile Creek channel.  

Marsh treatment areas are depicted on Figures 6A through 6C (Appendix A) and will consist of shallow 

depressions that will provide treatment and attenuation of initial stormwater pulses.  The outfall of each 

treatment area will be constructed of hydrolocally stable rip-rap or other suitable material that will protect 

against headcut migration into the constructed depression and/or upstream stream reaches.  It is expected 

that the treatment areas will fill with sediment and organic matter over time. 

 

6.2.1.3 In-Stream Structures 

Stream restoration under natural stream design techniques normally involves the use of in-stream 

structures for bank stabilization, grade control, and habitat improvement.  Primary activities designed to 

achieve these objectives may include the installation of log vanes, J-hook vanes, cross-vanes, and or a 

step-pool structure.  Details for the structures are depicted on Figures 8A-8B (Appendix A). 
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6.2.1.4 Forded Channel Crossing 

Landowner constraints will necessitate the installation of three channel fords to allow access to portions 

of the property isolated by the conservation easement and stream restoration activities (Figure 8B, 

Appendix A).  The approximate locations of the proposed channel fords are depicted on Figures 6A-6C 

(Appendix A).  The fords are expected to consist of a shallow depression in the stream banks where 

vehicular and livestock crossings can be made.  The ford will be constructed of hydraulically stable rip-

rap or suitable rock and will be large enough to handle the weight of anticipated vehicular traffic.  

Approach grades to the ford will be at a minimum 15:1 slope and constructed of hard, scour-resistant 

crushed rock or other permeable material, which is free of fines.  The bed elevation of the ford will equal 

the floodplain elevation above and below the ford to reduce the risk of headcutting. 

 
6.2.2 Stream Enhancement (Level I and II) 

Stream enhancement (Level I and II) on the upper reaches of Tributaries 2 and 4, the lower reach of 

Threemile Creek, and Fork Creek will entail the cessation of current land management practices and 

planting riparian buffers with native forest vegetation.  Enhancement Level I will also entail dimension 

and profile adjustments along with the installation of instream habitat structures.  Bank stabilization will 

occur including the use of root/biodegradable erosion control matting, live staking, and bank sloping 

where necessary to prevent further bank erosion/degradation.  Particular attention will be directed toward 

providing vegetative cover and root growth along the outer bends of each stream meander.  Riparian 

buffers will extend a minimum of 30 feet from the top of stream banks to facilitate stream recovery and 

prevent further degradation of Site streams.  In addition, water quality functions and aquatic and wildlife 

habitat associated with stable riparian corridors/streams will be improved.   

 

6.2.3 Stream Preservation 

Preservation is being proposed on the forested/upstream reaches of Tributaries 3, 5, 6, and 11 and on the 

Preservation Tributaries (Figures 6A to 6C, Appendix A).  Based on preliminary analysis and field 

investigations, these reaches are relatively stable due a lack of human induced impact and a well-

developed riparian buffer.  These areas will be protected in perpetuity through the establishment of a 

conservation easement including a minimum 30-foot forested buffer adjacent to each bank of the stream.   

 

6.3 HEC-RAS Analysis 

Surface drainage on the Site and surrounding areas are in the process of being analyzed to predict the 

feasibility of manipulating existing surface drainage patterns without adverse effects to the Site or 

adjacent properties.  The following presents a summary of hydrologic and hydraulic analyses along with 

provisions designed to maximize groundwater recharge and wetland restoration while reducing potential 

for impacts to adjacent properties. 

 

The purpose of the analysis is to predict flood extents for the 1-, 2-, 5-, 10-, 50-, and 100-year storms 

under existing and proposed conditions after stream and wetland restoration activities have been 

implemented.  The comparative flood elevations are evaluated by simulating peak flood flows for Site 

features using the WMS (Watershed Modeling System, BOSS International) program and regional 

regression equations.  Once the flows are determined, the river geometry and cross-sections are digitized 

from a DTM (Digital Terrain Model) surface (prepared by a professional surveyor) using the HEC-

GeoRAS component of ArcView.  The cross-sections are adjusted as needed based on field-collected 

data.  Once corrections to the geometry are performed, the data is imported into HEC-RAS. 

 

Watersheds and land use estimations were measured from existing DEM (Digital Elevation Model) data 

and an aerial photograph.  Field surveyed cross-sections and water surfaces were obtained along Site 

features.  Valley cross-sections were obtained from both onsite cross-sections and detailed topographic 

mapping to 1-foot contour intervals using the available DTM.  Observations of existing hydraulic 
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characteristics will be incorporated into the model and the computed water surface elevations will be 

calibrated using engineering judgment.   

 

The HEC-RAS will be completed prior to completion of detailed construction plans for Site restoration 

activities.  A primary objective of the stream and wetland restoration design is maintenance of a no-rise in 

the 100-year floodplain.  The Site is not located within a Federal Emergency Management Agency 

(FEMA) floodway; therefore, a Conditional Letter of Map Revision (CLOMR) or Letter of Map Revision 

(LOMR) are not expected to be necessary at this time.  However, mapping of the region is expected to be 

released later this year.  Therefore coordination with FEMA may be conducted, if necessary, prior to 

initiating Site construction activities. 

 

6.4 Wetland Restoration and Enhancement 

Alternatives for wetland restoration are designed to restore a fully functioning wetland system which will 

provide surface water storage, nutrient cycling, removal of imported elements and compounds, and will 

create a variety and abundance of wildlife habitat.  Restoration activities are expected to restore a 

minimum of 2.5 acres of jurisdictional riverine wetland and enhance approximately 2.3 acres of 

jurisdictional riverine wetland (Figures 6A-6C, Appendix A).  

 
Portions of the Site underlain by hydric soils have been impacted by channel incision, drainage ditch 

excavation, vegetative clearing, hoof shear, and earth movement associated with agricultural practices.  

Wetland restoration options should focus on the removal of fill materials, restoration of vegetative 

communities, filling drainage ditches, the reestablishment of soil structure and microtopographic 

variations, and redirecting normal surface hydrology from ditches back to Site floodplains.  In addition, 

the construction of (or provisions for) surface water storage depressions (ephemeral pools) will also add 

an important component to groundwater restoration activities.  These activities will result in the 

restoration of 2.5 acres of jurisdictional riverine floodplain wetlands.  An additional 2.3 acres of 

jurisdictional riverine wetland will be enhanced within the Site by planting cleared wetlands with native 

species. 
 

Reestablishment of Historic Groundwater Elevations 

The existing Tributaries 1 and 8 average 3-5 feet in depth, while the depth for the proposed tributaries 

average approximately 0.7-1 foot in depth.  Hydric soils adjacent to the incised channels appear to have 

been drained due to lowering of the groundwater tables and a lateral drainage effect from existing stream 

reaches.  Reestablishment of channel inverts is expected to rehydrate soils adjacent to Site streams.  In 

addition, drainage ditches are effectively removing wetland hydrology within the restoration areas.  

Filling of these ditches and restoring Site tributaries are expected to rehydrate hydric soils within the Site, 

resulting in the restoration of jurisdictional hydrology to riverine wetlands. 

 
Excavation and Grading of Elevated Spoil and Sediment Embankments 

Some areas adjacent to the existing channels and area ditches have experienced both natural and unnatural 

sediment deposition.  Spoil piles were likely cast adjacent to the channel during dredging, straightening, 

and rerouting of Site streams, and ditching of the adjacent floodplain.  Major flood events may have also 

deposited additional sediment adjacent to stream banks from onsite eroding banks and upstream 

agricultural fields.  The removal of these spoil materials and/or filling of onsite ditches with spoil material 

represents a critical element of Site wetland restoration.   

 
Hydrophytic Vegetation 

Site wetland areas have endured significant disturbance from land use activities such as land clearing, 

agriculture, livestock grazing, and other anthropogenic maintenance.  Wetland areas will be revegetated 

with native vegetation typical of wetland communities in the region.  Emphasis will focus on developing 
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a diverse plant assemblage.  Section 6.6 (Plant Community Restoration) provides detailed information 

concerning community species associations.   

 

Reconstructing Stream Corridors 

The stream restoration plan involves the reconstruction of Site streams through the floodplain.  Existing 

channels will be backfilled so that the water table may be restored to historic conditions.  However, some 

portions of the existing channels may remain open for the creation of wetland “oxbow lake-like” features.  

These features will be plugged on each side of the open channel and will function as open water systems.  

They are expected to provide habitat for a variety of wildlife as well as create small pockets of open 

water/freshwater marsh within the Site.   

 

6.5 Floodplain Soil Scarification 

Microtopography and differential drainage rates within localized floodplain areas represent important 

components of floodplain functions.  Reference forests in the region exhibit complex surface 

microtopography.  Small concavities, swales, exposed root systems, seasonal pools, oxbows, and 

hummocks associated with vegetative growth and hydrological patterns are scattered throughout these 

systems.  As discussed in the stream reconstruction section, efforts to advance the development of 

characteristic surface microtopography will be implemented. 

 

In areas where soil surfaces have been compacted, ripping or scarification will be performed.  After 

construction, the soil surface is expected to exhibit complex microtopography ranging to 1 foot in vertical 

asymmetry across local reaches of the landscape.  Subsequently, community restoration will be initiated 

on complex floodplain surfaces. 

 

6.6 Plant Community Restoration 

Restoration of floodplain forest and stream-side habitat allows for development and expansion of 

characteristic species across the landscape.  Ecotonal changes between community types contribute to 

diversity and provide secondary benefits, such as enhanced feeding and nesting opportunities for 

mammals, birds, amphibians, and other wildlife. 

 

Reference Forest Ecosystem (RFE) data, onsite observations, and community descriptions from 

Classification of the Natural Communities of North Carolina (Schafale and Weakley 1990) were used to 

develop the primary plant community associations that will be promoted during community restoration 

activities.   

 

Stream-side trees and shrubs include species with high value for sediment stabilization, rapid growth rate, 

and the ability to withstand hydraulic forces associated with bankfull flow and overbank flood events.  

Stream-side trees and shrubs will be planted within 15 feet of the channel throughout the meander belt-

width.  Shrub elements will be planted along the reconstructed stream banks, concentrated along outer 

bends.  Piedmont/Mountain Bottomland Forest is targeted for the Site wetland areas and Piedmont/Low 

Mountain Alluvial Forest is targeted for the remainder of the Site (Figure 9, Appendix A).  The following 

planting plan is the blueprint for community restoration.   

 

6.6.1 Planting Plan 

The purpose of a planting plan is to reestablish vegetative community patterns across the landscape.  The 

plan consists of 1) acquisition of available plant species, 2) implementation of proposed Site preparation, 

and 3) planting of selected species. 

 

Species selected for planting will be dependent upon availability of local seedling sources. Advance 

notification to nurseries (1 year) will facilitate availability of various noncommercial elements.  
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Bare-root seedlings of tree species will be planted within specified map areas at a density of 

approximately 680 stems per acre on 8-foot centers.  Shrub species in the stream-side assemblage will be 

planted at a density of 2720 stems per acre on 4-foot centers.  Table 10 depicts the total number of stems 

and species distribution within each vegetation association.  Planting will be performed between 

December 1 and March 15 to allow plants to stabilize during the dormant period and set root during the 

spring season.  A total of 19,449 diagnostic tree and shrub seedlings may be planted during restoration. 

 

6.6.2 Nuisance Species Management 

Prior to the revegetation phase of the project, nonnative floral species will be removed.  Exotic species 

currently identified within the project area include multiflora rose.  This is a fast growing species that can 

overwhelm and out-compete the plant communities proposed for stabilization of the new stream channel.  

Methods for eradication of this species are will to include both manual removal by cutting and grubbing 

in addition to chemical herbicide treatment.  Approximately 9.6 acres of the Site will be treated for 

removal of multiflora rose, predominantly located within the Stream-side Assemblage and 

Piedmont/Mountain Bottomland Forest planting zones, as depicted on Figure 9 (Appendix A). 

 

Beavers and other potential nuisance species will be monitored over the course of the 5-year monitoring 

period.  Appropriate actions will be taken to ameliorate any negative impacts regarding vegetation 

development and/or water management on an as-needed basis. 
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Table 10.  Planting Plan 

Vegetation Association 

Piedmont/Mountain 

Bottomland Forest 

Piedmont/Low 

Mountain Alluvial 

Forest 

Stream-side 

Assemblage TOTAL 

Area (acres) 5.4 4.0 4.8 14.2 

Species 

Number 

planted* 

% of 

total 

Number 

planted* % of total 

Number 

planted** 

% of 

total Number planted 

Swamp chestnut oak  

(Quercus michauxii) 
551 15 -- -- -- -- 551 

Cherrybark oak  

(Quercus pagoda) 
551 15 -- -- -- -- 551 

Sycamore  

(Platanus occidentalis) 
551 15 272 10 -- -- 823 

Hackberry  

(Celtis laevigata) 
551 15 -- -- -- -- 551 

American elm  

(Ulmus americana) 
551 15 -- -- -- -- 551 

Green ash  

(Fraxinus pennsylvanica) 
367 10 -- -- -- -- 367 

Pawpaw  

(Asimina triloba) 
294 8 272 10 -- -- 566 

American beech  

(Fagus grandifolia) 
-- -- 408 15 -- -- 408 

Mockernut hickory  

(Carya alba/tomentosa) 
-- -- 408 15 -- -- 408 

Northern red oak  

(Quercus rubra) 
-- -- 408 15 -- -- 408 

White oak  

(Quercus alba) 
-- -- 408 15 -- -- 408 

Black cherry  

(Prunus serotina) 
-- -- 272 10 -- -- 272 

Persimmon  

(Diospyros virginiana) 
-- -- 272 10 -- -- 272 

Silky dogwood 

(Cornus amomum) 
257 7 -- -- 3917 30 4174 

Black willow 

(Salix nigra) 
-- -- -- -- 3917 30 3917 

Buttonbush 

(Cephalanthus occidentalis) 
-- -- -- -- 2611 20 2611 

Elderberry 

(Sambucus canadensis) 
-- -- -- -- 2611 20 2611 

TOTAL 3673 100 2720 100 13,056 100 19,449 

* Planted at a density of 680 stems/acre. 

** Planted at a density of 2720 stems/acre. 
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7.0 PERFORMANCE CRITERIA 

Monitoring of Site restoration efforts will be performed for five years or until agreed upon success criteria 

are fulfilled.  Monitoring is proposed for the stream channel, hydrology, and vegetation.   

 

7.1 Stream Monitoring 

Annual fall monitoring will include development of channel cross-sections on riffles and pools, pebble 

counts, and a water surface profile of the channel.  The data will be presented in graphic and tabular 

format.  Data to be presented will include 1) cross-sectional area, 2) bankfull width, 3) average depth, 4) 

maximum depth, 5) width-to-depth ratio, 6) meander wavelength, 7) belt-width, 8) water surface slope, 9) 

sinuosity, and 10) stream substrate composition.  A photographic record of preconstruction and post-

construction pictures will also be compiled.  Preconstruction photographs are included in Appendix D. 

 

Stream Success Criteria 

Success criteria for stream restoration will include 1) successful classification of the reach as a 

functioning stream system (Rosgen 1996a) and 2) channel variables indicative of a stable stream system. 

 

Visual assessment of in-stream structures will be conducted to determine if failure has occurred.  Failure 

of a structure may be indicated by collapse of the structure, undermining of the structure, abandonment of 

the channel around the structure, and/or stream flow beneath the structure.   

 

7.2 Hydrology Monitoring 

Groundwater monitoring gauges will be installed to take measurements after hydrological modifications 

are performed at the Site.  Hydrological sampling will continue throughout the growing season at 

intervals necessary to satisfy the jurisdictional hydrology success criteria within each wetland restoration 

area (USEPA 1990). 

 

Hydrology Success Criteria 

Target hydrological characteristics include saturation or inundation for 5 to 12.5 percent of the growing 

season, during average climatic conditions.  During growing seasons with atypical climatic conditions, 

groundwater gauges in reference wetlands may dictate threshold hydrology success criteria (75 percent of 

reference).  These areas are expected to support hydrophytic vegetation.  If wetland parameters are 

marginal as indicated by vegetation and/or hydrology monitoring, a jurisdictional determination will be 

performed.   

 

7.3 Vegetation Monitoring 

Restoration monitoring procedures for vegetation are designed in accordance with USEPA guidelines 

enumerated in Mitigation Site Type (MiST) documentation (USEPA 1990), Compensatory Hardwood 

Mitigation Guidelines (DOA 1993), Stream Mitigation Guidelines (USACE 2003), and CVS-EEP 

Protocol for Recording Vegetation Level 1-2 Plot Sampling Only (Version 4.0) (Lee et al. 2006).  A 

general discussion of the restoration monitoring program is provided.  A photographic record of plant 

growth should be included in each annual monitoring report.    

 

After planting has been completed in winter or early spring, an initial evaluation will be performed to 

verify planting methods and to determine initial species composition and density.  Supplemental planting 

and additional Site modifications will be implemented, if necessary. 

 

During the first year, vegetation will receive a cursory, visual evaluation on a periodic basis to ascertain 

the degree of overtopping of planted elements by nuisance species.  Subsequently, quantitative sampling 

of vegetation will be performed between June 1 and September 30, after each growing season, until the 

vegetation success criteria are achieved. 
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During quantitative vegetation sampling in early fall of the first year, up to 10 sample plots (10 meters by 

10 meters) will be randomly placed within the Site.  Best professional judgment may be necessary to 

establish vegetative monitoring plots upon completion of construction activities.  In each sample plot, 

vegetation parameters to be monitored include species composition and species density.   

 

Vegetation Success Criteria 

Success criteria have been established to verify that the vegetation component supports community 

elements necessary for forest development.  Success criteria are dependent upon the density and growth 

of characteristic forest species.  Additional success criteria are dependent upon density and growth of 

“Characteristic Tree Species.”  Characteristic Tree Species include planted species, species identified 

through visual inventory of an approved reference (relatively undisturbed) forest community, and species 

outlined in Schafale and Weakley (1990).   

 

An average density of 320 stems per acre of Characteristic Tree Species must be surviving in the first 

three monitoring years.  Subsequently, 290 Characteristic Tree Species per acre must be surviving in year 

4 and 260 Characteristic Tree Species per acre in year 5.   

 

7.4 Contingency 

 
7.4.1 Stream Contingency 

In the event that stream success criteria are not fulfilled, a mechanism for contingency will be 

implemented.  Stream contingency may include, but may not be limited to 1) structure repair and/or 

installation; 2) repair of dimension, pattern, and/or profile variables; and 3) bank stabilization.  The 

method of contingency is expected to be dependent upon stream variables that are not in compliance with 

success criteria.  Primary concerns, which may jeopardize stream success, include 1) structure failure, 2) 

head-cut migration through the Site, and/or 3) bank erosion. 

 

Structure Failure 

In the event that onsite structures are compromised, the affected structure will be repaired, maintained, or 

replaced.  Once the structure is repaired or replaced, it must function to stabilize adjacent stream banks 

and/or maintain grade control within the channel.  Structures which remain intact, but exhibit flow 

around, beneath, or through the header/footer pilings will be repaired by excavating a trench on the 

upstream side of the structure and reinstalling filter fabric in front of the pilings.  Structures which have 

been compromised, resulting in shifting or collapse of header/footer pilings, will be removed and replaced 

with a structure suitable for onsite flows. 

 

Headcut Migration through the Site 

In the event that a headcut occurs within the Site (identified visually or through onsite measurements [i.e. 

bank-height ratios exceeding 1.4]), provisions for impeding headcut migration and repairing damage 

caused by the headcut will be implemented.  Headcut migration may be impeded through the installation 

of in-stream grade control structures (rip-rap sill and/or log cross-vane weir) and/or restoring stream 

geometry variables until channel stability is achieved.  Channel repairs to stream geometry may include 

channel backfill with coarse material and stabilizing the material with erosion control matting, vegetative 

transplants, and/or willow stakes. 

 

Bank Erosion 

In the event that severe bank erosion occurs at the Site resulting in elevated width-to-depth ratios, 

contingency measures to reduce bank erosion and width-to-depth ratio will be implemented.  Bank 

erosion contingency measures may include the installation of cross-vane weirs and/or other bank 

stabilization measures.  If the resultant bank erosion induces shoot cutoffs or channel abandonment, a 

channel may be excavated which will reduce shear stress to stable values.   
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7.4.2 Hydrologic Contingency 

Hydrologic contingency may include floodplain surface modifications such as construction of ephemeral 

pools, deep ripping of the soil profile, and installation of berms to retard surface water flows.  

Recommendations for contingency to establish wetland hydrology may be implemented and monitored 

until hydrology success criteria are achieved. 

 

7.4.3 Vegetation Contingency 

If vegetation success criteria are not achieved based on average density calculations from combined plots 

over the entire restoration area, supplemental planting will be performed with tree species approved by 

regulatory agencies.  Supplemental planting will be performed as needed until achievement of vegetation 

success criteria.  

 

7.5 Reporting Schedule 

The first year monitoring report will be submitted at the end of December after Site implementation.  

Monitoring will continue for five years or until agreed upon success criteria are achieved, with a report 

submitted by the end of December for each monitoring year. 
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Appendix B.  Existing Stream Data 



Cross Section

section: Three Mile Site (Above Fork Creek)- Cross Section 48

Riffle

---

---

description: Three Mile Site (Above Fork Creek)- Cross Section 48

height of instrument (ft): 90.00

 omit distance FS FS FS W fpa channel Manning's

notes pt. (ft) (ft) elevation bankfull top of bank (ft) slope (%) "n"

#### 0 24.397907 65.602093 29.19 25.76 32.0

#### 10.717949 25.619388 64.380612 60.81 64.24

#### 19.950462 26.881412 63.118588

#### 22.464956 28.532287 61.467713 dimensions

#### 23.582847 29.958525 60.041475 36.6 x-section area 1.7 d mean

#### 26.194289 30.90655 59.09345 21.8 width 22.8 wet P

#### 29.618993 31.328534 58.671466 2.2 d max 1.6 hyd radi

#### 35.992419 31.377223 58.622777 5.6 bank ht 13.0 w/d ratio

#### 40.245318 31.139634 58.860366 32.0 W flood prone area 1.5 ent ratio

#### 41.759576 30.284625 59.715375

#### 46.096548 28.700339 61.299661 hydraulics

#### 52.349515 26.908603 63.091397 0.0 velocity (ft/sec)

#### 55.892361 25.759692 64.240308 0.0 discharge rate, Q (cfs)

#### 66.494699 25.738427 64.261573 0.00 shear stress ((lbs/ft sq)

#### #N/A 0.00 shear velocity (ft/sec)

#### #N/A 0.000 unit stream power (lbs/ft/sec)

#### #N/A 0.00 Froude number

#### #N/A 0.0 friction factor u/u*

#### #N/A 0.0 threshold grain size (mm)

#### #N/A

#### #N/A check from channel material

#### #N/A 0 measured D84 (mm)

#### #N/A 0.0 relative roughness 0.0 fric. factor

#### #N/A 0.000 Manning's n from channel material

#### #N/A
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Cross Section

section: Three Mile Site (Above Fork Creek)- Cross Section 38

Riffle

---

---

description: Three Mile Site (Above Fork Creek)- Cross Section 38

height of instrument (ft): 90.00

 omit distance FS FS FS W fpa channel Manning's

notes pt. (ft) (ft) elevation bankfull top of bank (ft) slope (%) "n"

#### 0 12.242303 77.757697 13.68 12.03 100.0

#### 13.700079 11.959134 78.040866 76.32 77.97

#### 19.886145 12.031019 77.968981

#### 23.529036 14.356895 75.643105 dimensions

#### 25.286197 15.118698 74.881302 36.5 x-section area 1.6 d mean

#### 25.793442 15.615052 74.384948 23.0 width 24.0 wet P

#### 33.579425 15.46407 74.53593 1.9 d max 1.5 hyd radi

#### 38.251477 15.552025 74.447975 3.6 bank ht 14.5 w/d ratio

#### 41.816186 15.481714 74.518286 100.0 W flood prone area 4.3 ent ratio

#### 43.489559 14.962647 75.037353

#### 48.793499 11.524852 78.475148 hydraulics

#### 55.659865 11.184323 78.815677 0.0 velocity (ft/sec)

#### 64.025305 11.474017 78.525983 0.0 discharge rate, Q (cfs)

#### #N/A 0.00 shear stress ((lbs/ft sq)

#### #N/A 0.00 shear velocity (ft/sec)

#### #N/A 0.000 unit stream power (lbs/ft/sec)

#### #N/A 0.00 Froude number

#### #N/A 0.0 friction factor u/u*

#### #N/A 0.0 threshold grain size (mm)

#### #N/A

#### #N/A check from channel material

#### #N/A 0 measured D84 (mm)

#### #N/A 0.0 relative roughness 0.0 fric. factor

#### #N/A 0.000 Manning's n from channel material

#### #N/A
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Cross Section

section: Three Mile Site (Above Fork Creek)- Cross Section 25

Riffle

---

---

description: Three Mile Site (Above Fork Creek)- Cross Section 25

height of instrument (ft): 90.00

 omit distance FS FS FS W fpa channel Manning's

notes pt. (ft) (ft) elevation bankfull top of bank (ft) slope (%) "n"

#### 0 10.329355 79.670645 13.9 11.23 100.0

#### 10.91326 10.857382 79.142618 76.1 78.77

#### 15.605008 11.963111 78.036889

#### 17.42501 12.847065 77.152935 dimensions

#### 19.926017 15.254597 74.745403 36.5 x-section area 2.1 d mean

#### 21.511076 16.135505 73.864495 17.4 width 18.9 wet P

#### 24.276112 16.516658 73.483342 2.9 d max 1.9 hyd radi

#### 26.372184 16.73374 73.26626 5.6 bank ht 8.2 w/d ratio

#### 29.722635 16.803197 73.196803 100.0 W flood prone area 5.8 ent ratio

#### 32.382077 16.063902 73.936098

#### 33.375634 15.472354 74.527646 hydraulics

#### 35.108621 14.481425 75.518575 0.0 velocity (ft/sec)

#### 36.995624 13.049045 76.950955 0.0 discharge rate, Q (cfs)

#### 41.750072 11.230803 78.769197 0.00 shear stress ((lbs/ft sq)

#### 54.099788 11.613337 78.386663 0.00 shear velocity (ft/sec)

#### #N/A 0.000 unit stream power (lbs/ft/sec)

#### #N/A 0.00 Froude number

#### #N/A 0.0 friction factor u/u*

#### #N/A 0.0 threshold grain size (mm)

#### #N/A

#### #N/A check from channel material

#### #N/A 0 measured D84 (mm)

#### #N/A 0.0 relative roughness 0.0 fric. factor

#### #N/A 0.000 Manning's n from channel material

#### #N/A
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Cross Section

section: Three Mile Site (Below Fork Creek)- Cross Section 58

Riffle

---

---

description: Three Mile Site (Below Fork Creek)- Cross Section 58

height of instrument (ft): 90.00

 omit distance FS FS FS W fpa channel Manning's

notes pt. (ft) (ft) elevation bankfull top of bank (ft) slope (%) "n"

#### 0 37.862931 52.137069 39.88 38.12 150.0

#### 5.2237429 37.706175 52.293825 50.12 51.88

#### 9.6517603 38.123884 51.876116

#### 12.192708 39.129375 50.870625 dimensions

#### 14.009627 39.63463 50.36537 52.9 x-section area 2.8 d mean

#### 14.95708 41.779407 48.220593 18.7 width 21.9 wet P

#### 17.846287 42.878639 47.121361 3.3 d max 2.4 hyd radi

#### 21.303053 43.222084 46.777916 5.1 bank ht 6.6 w/d ratio

#### 24.138645 43.164558 46.835442 150.0 W flood prone area 8.0 ent ratio

#### 28.561401 42.943045 47.056955

#### 29.927336 43.01881 46.98119 hydraulics

#### 31.604233 42.454213 47.545787 0.0 velocity (ft/sec)

#### 32.856671 39.878618 50.121382 0.0 discharge rate, Q (cfs)

#### 33.895332 38.624223 51.375777 0.00 shear stress ((lbs/ft sq)

#### 35.075245 37.767502 52.232498 0.00 shear velocity (ft/sec)

#### 40.272802 37.798134 52.201866 0.000 unit stream power (lbs/ft/sec)

#### 45.203536 38.031187 51.968813 0.00 Froude number

#### #N/A 0.0 friction factor u/u*

#### #N/A 0.0 threshold grain size (mm)

#### #N/A

#### #N/A check from channel material

#### #N/A 0 measured D84 (mm)

#### #N/A 0.0 relative roughness 0.0 fric. factor

#### #N/A 0.000 Manning's n from channel material

#### #N/A
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Cross Section

section: Three Mile Site (Below Fork Creek)- Cross Section 57

Riffle

---

---

description: Three Mile Site (Below Fork Creek)- Cross Section 57

height of instrument (ft): 90.00

 omit distance FS FS FS W fpa channel Manning's

notes pt. (ft) (ft) elevation bankfull top of bank (ft) slope (%) "n"

#### 0 36.50403 53.49597 38.62 36.91 150.0

#### 4.9782296 36.462665 53.537335 51.38 53.09

#### 7.3725926 37.418096 52.581904

#### 8.8475644 38.592674 51.407326 dimensions

#### 11.267597 39.826198 50.173802 53.0 x-section area 2.3 d mean

#### 12.472029 41.44295 48.55705 22.6 width 24.6 wet P

#### 14.748941 41.811142 48.188858 3.2 d max 2.2 hyd radi

#### 19.044576 41.468342 48.531658 4.9 bank ht 9.7 w/d ratio

#### 25.657828 41.30585 48.69415 150.0 W flood prone area 6.6 ent ratio

#### 27.750408 41.022059 48.977941

#### 30.120139 40.121463 49.878537 hydraulics

#### 31.67232 38.453236 51.546764 0.0 velocity (ft/sec)

#### 33.653029 36.911815 53.088185 0.0 discharge rate, Q (cfs)

#### 39.396696 36.733739 53.266261 0.00 shear stress ((lbs/ft sq)

#### 43.036163 36.810312 53.189688 0.00 shear velocity (ft/sec)

#### #N/A 0.000 unit stream power (lbs/ft/sec)

#### #N/A 0.00 Froude number

#### #N/A 0.0 friction factor u/u*

#### #N/A 0.0 threshold grain size (mm)

#### #N/A

#### #N/A check from channel material

#### #N/A 0 measured D84 (mm)

#### #N/A 0.0 relative roughness 0.0 fric. factor

#### #N/A 0.000 Manning's n from channel material

#### #N/A
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Cross Section

section: Three Mile Site (Fork Creek)- Cross Section 52

Riffle

---

---

description: Three Mile Site (Fork Creek)- Cross Section 52

height of instrument (ft): 90.00

 omit distance FS FS FS W fpa channel Manning's

notes pt. (ft) (ft) elevation bankfull top of bank (ft) slope (%) "n"

#### 0 28.835002 61.164998 28.64 28.57 100.0

#### 5.8616765 28.570729 61.429271 61.36 61.43

#### 8.1405829 29.11198 60.88802

#### 10.665236 30.836855 59.163145 dimensions

#### 11.216606 32.336314 57.663686 23.6 x-section area 1.8 d mean

#### 12.657049 32.558308 57.441692 13.0 width 16.1 wet P

#### 13.806956 32.553819 57.446181 3.9 d max 1.5 hyd radi

#### 16.301606 29.866304 60.133696 4.0 bank ht 7.1 w/d ratio

#### 19.211008 28.610752 61.389248 100.0 W flood prone area 7.7 ent ratio

#### 21.435714 28.223453 61.776547

#### 33.729045 28.536613 61.463387 hydraulics

#### #N/A 0.0 velocity (ft/sec)

#### #N/A 0.0 discharge rate, Q (cfs)

#### #N/A 0.00 shear stress ((lbs/ft sq)

#### #N/A 0.00 shear velocity (ft/sec)

#### #N/A 0.000 unit stream power (lbs/ft/sec)

#### #N/A 0.00 Froude number

#### #N/A 0.0 friction factor u/u*

#### #N/A 0.0 threshold grain size (mm)

#### #N/A

#### #N/A check from channel material

#### #N/A 0 measured D84 (mm)

#### #N/A 0.0 relative roughness 0.0 fric. factor

#### #N/A 0.000 Manning's n from channel material

#### #N/A
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Cross Section

section: Three Mile Site (Fork Creek)- Cross Section 51

Riffle

---

---

description: Three Mile Site (Fork Creek)- Cross Section 51

height of instrument (ft): 90.00

 omit distance FS FS FS W fpa channel Manning's

notes pt. (ft) (ft) elevation bankfull top of bank (ft) slope (%) "n"

#### 0 23.867655 66.132345 26.03 25.64 100.0

#### 6.415454 23.866665 66.133335 63.97 64.36

#### 11.640654 27.138266 62.861734

#### 13.647896 29.219759 60.780241 dimensions

#### 14.947421 29.356055 60.643945 23.6 x-section area 2.0 d mean

#### 16.227595 29.353529 60.646471 12.0 width 14.1 wet P

#### 17.71429 28.601244 61.398756 3.3 d max 1.7 hyd radi

#### 20.408018 26.955369 63.044631 3.7 bank ht 6.1 w/d ratio

#### 22.528978 25.637782 64.362218 100.0 W flood prone area 8.3 ent ratio

#### 29.802675 25.487992 64.512008

#### #N/A hydraulics

#### #N/A 0.0 velocity (ft/sec)

#### #N/A 0.0 discharge rate, Q (cfs)

#### #N/A 0.00 shear stress ((lbs/ft sq)

#### #N/A 0.00 shear velocity (ft/sec)

#### #N/A 0.000 unit stream power (lbs/ft/sec)

#### #N/A 0.00 Froude number

#### #N/A 0.0 friction factor u/u*

#### #N/A 0.0 threshold grain size (mm)

#### #N/A

#### #N/A check from channel material

#### #N/A 0 measured D84 (mm)

#### #N/A 0.0 relative roughness 0.0 fric. factor

#### #N/A 0.000 Manning's n from channel material

#### #N/A
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Cross Section

section: Three Mile Site (Tributaries)- Cross Section 22

Riffle

---

---

description: Three Mile Site (Tributaries)- Cross Section 22

height of instrument (ft): 100.00

 omit distance FS FS FS W fpa channel Manning's

notes pt. (ft) (ft) elevation bankfull top of bank (ft) slope (%) "n"

#### 0 6.016367 93.98363 7.18 5.65 8.0

#### 4.461494 5.653388 94.34661 92.82 94.35

#### 6.68393 6.896821 93.10318

#### 8.074088 8.326395 91.67361 dimensions

#### 9.127132 8.375168 91.62483 4.0 x-section area 0.9 d mean

#### 10.20027 8.477972 91.52203 4.4 width 5.5 wet P

#### 12.46571 6.027159 93.97284 1.3 d max 0.7 hyd radi

#### 14.80787 5.094661 94.90534 2.8 bank ht 4.9 w/d ratio

#### 22.29137 5.388625 94.61138 8.0 W flood prone area 1.8 ent ratio

#### #N/A

#### #N/A hydraulics

#### #N/A 0.0 velocity (ft/sec)

#### #N/A 0.0 discharge rate, Q (cfs)

#### #N/A 0.00 shear stress ((lbs/ft sq)

#### #N/A 0.00 shear velocity (ft/sec)

#### #N/A 0.000 unit stream power (lbs/ft/sec)

#### #N/A 0.00 Froude number

#### #N/A 0.0 friction factor u/u*

#### #N/A 0.0 threshold grain size (mm)

#### #N/A

#### #N/A check from channel material

#### #N/A 0 measured D84 (mm)

#### #N/A 0.0 relative roughness 0.0 fric. factor

#### #N/A 0.000 Manning's n from channel material

#### #N/A

Three Mile Site (Tributaries)- Cross Section 22 Riffle ---
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Cross Section

section: Three Mile Site (Tributaries)- Cross Section 16

Riffle

---

---

description: Three Mile Site (Tributaries)- Cross Section 16

height of instrument (ft): 90.00

 omit distance FS FS FS W fpa channel Manning's

notes pt. (ft) (ft) elevation bankfull top of bank (ft) slope (%) "n"

#### 0 11.304989 78.695011 12.7 11.95 18.0

#### 7.484958 11.95252 78.04748 77.3 78.05

#### 10.248662 12.8479 77.1521

#### 11.009263 13.898925 76.101075 dimensions

#### 12.320202 14.075026 75.924974 4.0 x-section area 0.7 d mean

#### 13.574157 13.215983 76.784017 6.1 width 7.0 wet P

#### 16.435374 12.587017 77.412983 1.4 d max 0.6 hyd radi

#### 19.077615 11.055494 78.944506 2.1 bank ht 9.3 w/d ratio

#### 29.655745 10.500643 79.499357 18.0 W flood prone area 2.9 ent ratio

#### #N/A

#### #N/A hydraulics

#### #N/A 0.0 velocity (ft/sec)

#### #N/A 0.0 discharge rate, Q (cfs)

#### #N/A 0.00 shear stress ((lbs/ft sq)

#### #N/A 0.00 shear velocity (ft/sec)

#### #N/A 0.000 unit stream power (lbs/ft/sec)

#### #N/A 0.00 Froude number

#### #N/A 0.0 friction factor u/u*

#### #N/A 0.0 threshold grain size (mm)

#### #N/A

#### #N/A check from channel material

#### #N/A 0 measured D84 (mm)

#### #N/A 0.0 relative roughness 0.0 fric. factor

#### #N/A 0.000 Manning's n from channel material

#### #N/A

Three Mile Site (Tributaries)- Cross Section 16 Riffle ---

75

77

79

81

0 5 10 15 20 25 30 35

Width from River Right to Left (ft)

E
le
v
a
ti
o
n
 (
ft
)



C
ra
n
b
e
rr
y
 C
re
e
k
 P
ro
fi
le

9
7

9
8

9
9

1
0
0

1
0
1

1
0
2

0
2
0

4
0

6
0

8
0

1
0
0

1
2
0

1
4
0

1
6
0

1
8
0

2
0
0



Three Mile Cran Reference
Profile

1

2

Average Water Surface Slope

0.0112

Revised Revised Revised Revised

Bed Water Riffle Pool Run Glide

Point Description Station Elevation Elevation Slope Slope Slope Slope

23 tr 0.00 100.3412 101.2718

25 mr 8.32 99.91862 100.6718

27 mr 24.70 99.94679 100.5323

29 mr x2r 34.00 99.93489 100.4713 0.0225

31 br 45.79 99.67809 100.2431

33 r x3p 54.41 99.07827 100.2443 0.0000

35 p 64.77 99.21253 100.2423 0.0002

37 tr x1r(I think) 79.43 99.71263 100.2412 0.0001

39 br 112.38 99.23088 99.65434 0.0178

58 tr 124.98 98.78404 99.6089 0.0036

60 br 156.79 98.46779 99.02623 0.0183 0.0000

62 run 170.73 98.10109 99.02793

64 p 192.74 97.62746 99.01141 0.0008

66 tr 210.94 98.59622 98.91259 0.0054

average 0.0195 0.0015 0.0000 0.0028

median 0.0183 0.0008 0.0000 0.0028

min 0.0178 0.0002 0.0000 0.0001

max 0.0225 0.0036 0.0000 0.0054
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Three Mile Reference
Stone Mountain Profile

1

2

Average Water Surface Slope

0.0121

Revised Revised Revised Revised

Bed Water Riffle Pool Run Glide

Point Description Station Elevation Elevation Slope Slope Slope Slope

23 tr 0 94.13263 95.28835

25 gl 15.11 93.49411 95.39867

27 r 38.89 93.67068 95.3751 0.0000

29 br 59.92 94.37789 95.44286 0.0032

31 tr 82.54 94.22491 95.50187 0.0026

33 gl 94.29 94.0706 95.48023 0.0000

35 r 105.39 94.31203 95.76228 0.0254

37 r/g apex 111.78 94.75754 95.77852

40 r 141.01 94.86304 95.91908

42 br 171.36 94.98409 96.01657 0.0032

44 mr 256.56 97.16899 97.95923

47 tr 287.32 97.2581 98.12326 0.0182

49 g 302.71 96.97995 98.25032 0.0083

113 r 350.51 97.23894 98.32526 0.0016

115 br 369.26 97.73992 98.70362 0.0202

117 tr 404.84 98.22537 98.9956 0.0082

119 gl 419.75 98.03464 99.11351 0.0079

121 p 429.32 98.05653 99.10281

123 r 452.73 97.5777 99.23967 0.0038

125 br 464.25 97.93262 99.27449 0.0030

128 mr 493.98 98.75011 99.82854

150 mr 522.74 99.28535 100.6848

152  mr 548.74 99.83258 100.9343

154 mr 585.36 101.4943 102.3335

156 mr 620.98 101.8458 102.8417

158 mr 656.61 102.4351 103.4359

160 tr 696.02 102.7114 103.52 0.0183

162 g 709.18 100.9006 103.5193 0.0000

164 r 717.25 101.3102 103.7075 0.0233

166 br 724.79 103.0025 103.8044 0.0128

168 tr 751.50 103.856 104.5526

170 gl 765.81 103.2189 104.5449 0.0000

186 p 775.07 103.1101 104.6147

188 r/g apex 791.03 103.4307 104.6652

190 gl 805.30 102.3903 104.6703

192 r 815.38 102.5111 104.7109 0.0040

194 step 830.33 104.8077 105.5761

196 mr 849.89 104.936 105.6655

199 gl 869.07 104.3944 105.8226 0.0082

average 0.0118 0.0097 0.0085 0.0041

median 0.0132 0.0039 0.0032 0.0040

min 0.0026 0.0000 0.0030 0.0000

max 0.0183 0.0254 0.0202 0.0083
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Appendix C.  Bankfull Verification 



Regional Regression Method

Threemile Creek Restoration Studies

Return Interval 

(years)

Discharge            

(cfs)

1.3 385

1.5 410

2 555

5 947

10 1270

25 1750

50 2160

100 2620

200 3140

500 3930

Bold indicates interpolated data.

Return Interval 

(years)

Discharge            

(cfs)

1.3 65

1.5 80

2 105

5 190

10 264

25 378

50 480

100 596

200 729

500 935

Bold indicates interpolated data.

Return Interval 

(years)

Discharge            

(cfs)

1.3 260

1.5 300

2 400

5 690

10 930

25 1290

50 1610

100 1960

200 2360

500 2960

Bold indicates interpolated data.

 Region: Blue Ridge/Piedmont

Stone Mountain Reference               

(DA = 7.5 square miles)

Cranberry Creek Reference       

(DA = 0.7 square mile)

 Region: Blue Ridge/Piedmont

Onsite Cross-section with 

Bankfull Indicators                     

(DA = 4.7 square miles)

 Region: Blue Ridge/Piedmont
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Appendix D.  Site Photographs 



 

Threemile Creek 

Preconstruction Photographs 

March and May 2007 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix E.  Categorical Exclusion Document 
















































































































