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EXECUTIVE SUMMARY 
 
The Harrell Stream and Wetland Restoration Site is located in the Coastal Plain in Edgecombe County, 
North Carolina.  The project will mitigate stream and wetland impacts within the 8-digit hydrologic 
cataloging unit 03020101 in the Tar-Pamlico River Basin by restoring 6,987 linear feet on an Unnamed 
Tributary to Swift Creek (UTSC) and 15.0 acres of Coastal Plain Small Stream Swamp wetland 
community.   
 
The project watershed drains toward the southeast with a contributing area of approximately 0.69 square 
mile (441 acres) at the downstream limits of the site.  Approximately 387.2 acres drain to the UTSC while 
56.9 acres drain to the project wetland site.  The surrounding area is predominately rural and has low 
development pressure at this time.  Overall, the project watershed is about 94.6% agriculture, 4.2% forest 
and 1.2% rangeland.   
 
The stream has been channelized and straightened since at least 1948.  Currently, the entire site is under 
agricultural production and the fields are cultivated right up to the top of the stream banks.  The existing 
project stream is 6,338 linear feet.  There are no remaining vegetated buffers or in-stream features in the 
channel and the banks are nearly vertical.  The channel can be characterized as having poor streambed 
variability and habitat diversity.   
 
Two reference reaches were used for this project to develop dimensionless ratios: a headwater reach of 
the Mitchell River in Surry County, North Carolina and North Prong Creek in Durham County, North 
Carolina.  The Mitchell River reference site is classified as a “B4c” channel and morphological data from 
this reference stream were used for the design of Reach 1 of the UTSC.  The North Prong Creek reference 
reach was classified as a narrow width/depth ratio C5 stream type and was used to design Reaches 2, 3, 
and 4 on the UTSC. 
 
The proposed wetland restoration site is located northeast of the UTSC and consists of 15.0 acres of 
drained hydric soils currently used for agriculture.  The area has been ditched and drained since at least 
1948 and jurisdictional hydrology no longer exists on the site.  The wetland site is adjacent to a forested 
wetland buffer along Swift Creek and restoration of the site has the potential to increase the amount of 
connected wetland habitat. A suitable reference wetland was not found for this wetland site. KCI will use 
the description of a Coastal Plain Small Stream Swamp by Schafale and Weakley as a surrogate 
vegetative community as needed. 
 
The primary goals for this project are: 

• Protect aquatic resources from excess nutrients, sediment, and other pollutants coming from the 
agricultural watershed. 

• Reestablish a functional Coastal Plain Small Swamp Stream wetland complex that creates 
terrestrial and aquatic habitat and connects to the existing floodplain corridor along Swift Creek. 

 
The objectives that must be accomplished to reach these goals are: 

• Restore 6,987 linear feet of stable stream channel with the appropriate pattern, profile, and 
dimension that can support a sand transport system. 

• Connect the stream to a functioning floodplain. 
• Fill and plug ditches in the drained hydric soils to restore saturated hydrologic conditions for 5% 

of the growing season. 
• Plant tree species typical of a Coastal Plain Small Swamp Stream along the UTSC riparian 

corridor and floodplain as well as in the restored wetland. 
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Reach 1 will be restored using a Priority 3 approach.  At this site, the width/depth ratio will be increased 
and the bank slopes cut back within the existing channel.  A B5c channel will be created with a sinuosity 
of 1.03 for 1,265 linear feet of stream.  
 
Reaches 2, 3, and 4 cover the remainder of the stream and will be restored using a Priority 2 approach.  
The restoration will establish a bankfull channel with a new floodplain and the design bankfull stage will 
equal the new floodplain elevation (bank height ratio = 1.0).  A C5 channel morphology with a sinuosity 
ranging from 1.05-1.27 will restore 5,114 linear feet of existing stream to 5,722 linear feet of restored 
channel.  
 
In order to further protect the UTSC from agricultural run-off, water quality treatment areas will be 
installed at the base of the ditches that drain to UTSC.  These areas will store and treat a portion of the 
run-off before it reaches UTSC. 
 
The sediment regime in the UTSC is dominated by sand and dune/anti-dune processes need to be allowed 
to function in order to maintain stability in the channel.  If there are impediments to these shifting sand 
processes, the sand can become more turbulent and form powerful waves throughout the channel.  For 
this reason, a limited number of stream structures will be installed in the restored reaches.  Only two riffle 
grade control structures and three log drop structures will be used throughout the stream.  
 
In order to restore the wetland, the existing ditch network will be plugged and filled to block water from 
leaving the site. Ditch plugs will be placed in the four ditch outlets.  In addition to blocking the major 
outlets from the site, KCI will also recreate wetland microtopography to form small depressions and rises 
throughout the site that resemble the minor variations found in a natural wetland system.   
 
To complete the project, both the stream and wetland sites will be planted with species consistent with a 
Coastal Plain Small Stream Swamp community.  Trees will be planted at a density of 436 trees per acre 
(10 feet by 10 feet spacing) to achieve a mature survivability of 320 trees per acre.  
 
Both the stream and wetland restoration sites will be monitored to evaluate project success.  For the 
stream, monitoring shall consist of the collection and analysis of stream stability and riparian/stream bank 
vegetation survivability data to support the evaluation of the project in meeting established restoration 
objectives.  The wetland site will be deemed successful once hydrology is established and vegetation 
success criteria are met.   
 

Stream Restoration 

Reach  Station Range Mitigation Type Priority 
Approach 

Stream 
Classification

Existing Linear 
Footage 

Designed Linear 
Footage 

Reach 1 10+00 - 22+65 Restoration P3 B5c 1,224 1,265 
Reach 2 22+65 - 37+30 Restoration P2 C5 1,389 1,465 
Reach 3 37+30 - 52+90 Restoration P2 C5 1,231 1,560 
Reach 4 52+90 - 79+87 Restoration P2 C5 2,494 2,697 

Wetland Restoration 

Acreage  Soil Type Mitigation Type Designed Community Type 
15.0 Roanoke Restoration Coastal Plain Small Stream Swamp 
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1.0 INTRODUCTION 
 
The Harrell Stream and Wetland Restoration Site is a full-delivery project developed for the North 
Carolina Ecosystem Enhancement Program (EEP) to mitigate stream and non-riparian wetland impacts 
within the 8-digit hydrologic cataloging unit 03020101.  The project will restore 6,987 linear feet on an 
Unnamed Tributary to Swift Creek (UTSC) and 15.0 acres of Coastal Plain Small Stream Swamp wetland 
community.  This restoration plan presents the existing site and watershed conditions, the restoration 
design criteria, the design summary, and the proposed monitoring protocol. 
 
2.0 PROJECT SITE IDENTIFICATION AND LOCATION 
 
2.1 Directions to Project Site 
 
The HPRS is part of a 319-acre parcel owned by Mr. Floyd and Mrs. Ernestine Harrell.  The site is 
located approximately six miles northeast of Rocky Mount, North Carolina in Edgecombe County (Figure 
1).  The latitude and longitude of the project site are 36.0201 North and 77.6807 West (WGS1984).   
 
To reach the site from Raleigh: 
Proceed east on U.S. Route 264-East/64-East (US 264E/64E) for approximately 17 miles.  Continue on 
US 64E for another 30 miles.  Take the U.S. Route 301 Bypass and then U.S. Route 301 (US 301) north 
into Battleboro.  Turn right on E. Battleboro Avenue, which becomes Battleboro-Leggett Road.  Continue 
past the first turn onto Morning Star Church Road on the left just outside of town.  Go about 5 miles and 
turn left onto the second Morning Star Church Rd (the road loops around).  Go one mile and turn right 
onto a dirt road opposite Benson Farm Rd. The stream restoration site will begin as the stream exits the 
culvert under Morning Star Church Rd.   
 
2.2 USGS Hydrologic Unit Code and NCDWQ River Basin Designations 
 
The Unnamed Tributary to Swift Creek (UTSC) is a second-order perennial stream that flows west to east 
for approximately 6,338 linear feet once on the Harrell property.  The stream drains into Swift Creek 
approximately 500 linear feet after leaving the project site. 
 
The project site is situated within the 03020101 (Tar-Pamlico 01) Watershed Cataloging Unit (8-digit 
HUC) and the 03020101130090 Local Watershed Unit (14-digit HUC).  It is within the North Carolina 
Division of Water Quality (NCDWQ) Subbasin 03-03-02.  In the North Carolina Ecosystem 
Enhancement Program’s (EEP) Tar-Pamlico River Basin Watershed Restoration Plan, the Swift Creek 
watershed has not been identified as a high priority, Targeted Hydrologic Unit.   
 
3.0 WATERSHED CHARACTERIZATION 
 
The project watershed is a small agricultural drainage in the inner Coastal Plain as seen in Figure 2. The 
surrounding topography is characterized by flat bottomlands and gently rolling hills.  The elevation in the 
project watershed ranges from 65 to 119 feet above mean sea level. 
 
3.1 Drainage Area 

 
The project watershed drains toward the southeast with a contributing area of approximately 0.69 square 
mile (441 acres) at the downstream limits of the site.  The project stream has a total drainage area of 387.2 
acres while 56.9 acres drain to the project wetland.  The UTSC enters Swift Creek at a point 
approximately 7.8 miles upstream of the confluence with the Tar River as seen in Figure 3.  The project 
area is located in the United States Geological Survey (USGS) Whitakers Quadrangle. 
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3.2 Surface Water Classification/Water Quality 

 
The NCDWQ assigns surface water classifications in order to help protect, maintain, and preserve water 
quality.  For the water resources classification, Swift Creek, as the receiving waters, was used to 
characterize the UTSC.  The section of Swift Creek just downstream of the project area (28-78-(2.5)) is 
listed as a Class C and Nutrient Sensitive Water (NSW).  The NCDWQ reduced the bioclassification of 
Swift Creek in 2002 from excellent to good, listing constricted flow as the reason for the downgrade.  
This reduced flow has led to lower dissolved oxygen levels in the stream.   
 

• Class C waters are protected for secondary recreation, fishing, wildlife, fish and aquatic life 
propagation and survival, agriculture, and other uses suitable for Class C.  Secondary recreation 
includes wading, boating, and other uses involving human body contact with water where such 
activities take place in an infrequent, unorganized, or incidental manner.  There are no restrictions 
on watershed development or types of discharges 

 
• Nutrient Sensitive Water (NSW) is a supplemental classification intended for waters needing 

additional nutrient management due to their being subject to excessive growth of microscopic or 
macroscopic vegetation. In general, management strategies for point and nonpoint source 
pollution control require control of nutrients (nitrogen and/or phosphorus usually) such that 
excessive growths of vegetation are reduced or prevented and there is no increase in nutrients 
over target levels. Management strategies are site-specific (NCDENR, DWQ 2006). 

 
3.3 Geology and Soils 
 
The site lies within the Southeastern Floodplains and Low Terraces ecoregion of the Coastal Plain 
physiographic province.  The area is referred to as the inner Coastal Plain and is characterized by more 
relief than the outer Coastal Plain.  The underlying sediments of the site are from the Yorktown 
Formation and Duplin Formation Undivided.  The Yorktown Formation is described as fossilferous clay 
with varying amounts of fine-grained sand, bluish gray, shell material commonly concentrated in lenses 
and is found mainly in areas north of Neuse River.  The Duplin Formation is described as shelly, medium 
to coarse-grained sand, sandy marl, and limestone, bluish gray, mainly in area south of Neuse River 
(NCGS 1985). 
 
The project watershed primarily intersects the soils in the Roanoke-Conetoe-Portsmouth association, 
which is described as nearly level and gently sloping, very poorly drained, poorly drained, and well-
drained soils that have a clayey to sandy subsoil.  These associated soils are typically found on broad 
flats, smooth to slightly rounded ridges, or depressions.  The predominant soil series in the project 
watershed are Altavista fine sandy loam, Cape Fear loam, Dogue fine sandy loam, Norfolk loamy sand, 
Rains fine sandy loam, and Roanoke loam (Figure 4).  Altavista fine sandy loam consists of a brown fine 
sandy loam surface layer and a sandy clay loam to sandy loam subsurface.  The Cape Fear loam has a 
black loam surface layer and clay loam to sandy clay loam subsurface.  Dogue fine sandy loam has a 
brown fine sandy loam surface and clay to sandy clam loam subsoil.  The Norfolk loamy sand series has a 
brown loamy sand surface and sandy clay loam subsoil.  The Portsmouth fine loamy sand has very dark 
gray fine sandy loam surface layer and sandy loam to sandy clay loam subsoil.  The Rains fine sandy 
loam has a surface layer of very dark gray fine sandy loam and gray sandy clay loam subsoil.  The 
Roanoke loam has a surface of dark grayish brown loam and gray clay to sandy clay loam subsoil 
(USDA, SCS 1979). 
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3.4 Historical Land Use and Development Trends 
 
3.4.1 Historical Resources 
 
Historical aerial photographs were obtained from the Edgecombe County Natural Resources Conservation 
Service (NRCS) office in order to more effectively assess the existing site conditions.  All available aerial 
photographs were reviewed in order to create a chronology of land disturbance.  Aerial photographs of the 
site were obtained from 1948, 1954, 1964, 1971, 1979, 1998, 2002, and 2005 (Appendix A). 
 
In 1948, the northern portion of the stream site contains agricultural land while the southern portion along 
the stream is forested.  The stream had already been straightened at this point.  The wetland area had also 
been converted to agriculture by this time, which included a series of drainage ditches in place across the 
site.  In 1954, the subject property shows little change from the 1948 conditions. 
 
In 1964, the subject property closely resembles the 1954 conditions, but the southwest and southeast 
portions of the wetland area are forested.  In 1971 and 1979, the subject property closely resembles the 
1964 conditions. 
 
The entire property has been cleared by 1998 and is under agricultural production. The drainage features 
are largely unchanged from the conditions in 1948.  In 2002 and 2005, the subject property closely 
resembles the 1998 conditions; no significant differences are discernable. 
 
The stream channel shows the same observable pattern from 1948 up until its current condition.  No 
changes in either the stream valley or stream channel within the project area were observed in the 
historical aerial photographs.  Therefore, any alterations to the stream channel occurred prior to 1948.  No 
significant changes have occurred in the project area since 1948. 
 
3.4.2 Land Use and Development Potential 
 
The project watershed is 441 acres in size as seen in Figure 3.  The surrounding area is predominately 
rural and has low development pressure at this time.  Overall, the project watershed is approximately 
94.6% agriculture, 4.2% forest and 1.2% rangeland based on the North Carolina GAP land use 
classification using 1992 and 1993 aerial photography (McKerrow 2003). 
 
3.5 Endangered/Threatened Species 

 
KCI requested a formal review by the North Carolina Natural Heritage Program (NCNHP) in July 2005 to 
evaluate the presence of any rare species, critical habitat, and priority natural areas on the project site and 
to determine the potential impact of the proposed project on these resources.  In their findings letter dated 
July 11, 2005 (Appendix B), the NCNHP indicated “no record of rare species, significant natural 
communities, or priority natural areas at the site or within a mile of the project area”.  In addition, no 
threatened or endangered species were identified in the project area during the existing conditions site 
assessment.  Also, a formal review by the United States Fish and Wildlife Service (USFWS) was 
requested in July 2005, but no correspondence was returned. 
 
3.6 Cultural Resources 
 
To evaluate the presence of significant cultural resources on the subject property, KCI requested a formal 
review at the North Carolina Department of Cultural Resources, State Historic Preservation Office 
(SHPO). The formal SHPO review dated July 18, 2005 found no historic properties within the project 



Restoration Plan                                                                            Harrell Stream and Wetland Restoration 
 

 4

area  (see Appendix B). The formal review by the State Archaeology Office identified no potential 
archaeology sites on or around the subject property.   
 
3.7 Potential Constraints 
 
KCI investigated any potential site conditions that could hinder restoration activities.  They were 
documented during the field investigation and are summarized below.  
 
3.7.1 Property Ownership and Boundary 
 
The project site is located on a single private property owned by Mr. Floyd and Mrs. Ernestine Harrell of 
6444 NC Highway 42, Tarboro, North Carolina, 27886.  KCI facilitated the acquisition of a conservation 
easement to be held by the State of North Carolina on the area identified for stream and wetland 
restoration.  The conservation easement boundary (plat with legal description) has been included in 
Appendix C.   
 
3.7.2 Site Access 

 
There will be one access point to the project site off of Morning Star Church Road at the northwestern 
corner of the project site.  This is a legal access point guaranteed with an ingress/egress easement.  During 
the restoration of the stream and wetland components, construction equipment will be able to maneuver 
up and down the site as necessary.  
 
3.7.3 Utilities 
 
There are no utilities located on the project site. 
 
3.7.4 FEMA/Hydrologic Trespass 

 
The UTSC and the wetland restoration site are both located within the 100-year floodplain (Zone AE) of 
Swift Creek and a downstream portion of UTSC is within the floodway of Swift Creek (Figure 6).  As 
such, any modifications that would result in the increase of the 100-year flood elevation would require a 
Conditional Letter of Map Revision (CLOMR).  It is the intent of the restoration design to maintain the 
existing 100-year flood elevations.  A proposed hydrology and hydraulics (H&H) summary will be 
submitted with a letter indicating that an increase in the 100-year flood elevation is not anticipated (No-
Rise Certification). 
 
A conditional floodplain model is being developed by using detailed topographic survey from the 
construction drawings completed for the restoration project.  This conditional model will be revised to 
reflect changes to the channel and floodplain as the result of restoration (proposed model).    
 
The proposed project reach is entirely contained within the Harrell property.  The restoration of the 
project reach is not anticipated to produce hydrologic trespass conditions on any adjacent properties. 
 
4.0 PROJECT SITE STREAMS (EXISTING CONDITIONS) 
 
A field assessment was conducted in April 2006 to document existing conditions and to aid the 
development of an appropriate design for the stream restoration.  The existing stream channel, ditches, 
ponds, wetland, and drained hydric soils at the project site are illustrated in Figure 7 and documented in 
the site photographs (Appendix D).  Observations and collected data are summarized below and presented 
in Appendix E.  The site was revisited several times from April 2006 to January 2007 to take further 
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measurements. Portions of the ditch network are displayed on the USGS quadrangle as a blue line stream, 
but a consultation with the North Carolina Division of Water Quality indicated that only the main channel 
of the UTSC was a jurisdictional waterway (see Appendix B).   
 
 
4.1 General Site Description 
 
The UTSC flows from west to east and drains approximately 387 acres of agricultural land into Swift 
Creek.  The stream begins from a ridge at the top of the small watershed and flows for approximately 
1,700 feet through farmland until the project reach begins.  The project begins at Station 10+00 as the 
stream exits a culvert that goes under Morning Star Church Road.  It then travels through agricultural 
fields on the Harrell property. Once the UTSC leaves the project boundary, it travels approximately 500 
linear feet through a forested bottomland before reaching Swift Creek. 
 
The existing project stream is 6,338 linear feet and has been ditched extensively since at least 1948 as 
seen in historic aerial photographs.  There are no remaining vegetated buffers or in-stream features in the 
channel.  The banks are nearly vertical and are cut up to the top of the bank for agricultural production.  
Several culverts convey water under agricultural crossings.  At this time, sediment, nutrients and 
agricultural chemicals have direct access to the watercourse and can be deposited directly into Swift 
Creek.  Fine sediments from the eroding stream banks and inputs from adjacent agricultural fields are also 
affecting water quality.  The channel can be characterized as having poor streambed variability and 
habitat diversity.   
 
4.2 Channel Morphology (Pattern, Dimension, and Profile) 
 
A Rosgen Level III assessment was conducted to collect existing stream dimension, pattern, and profile 
data and determine the degree of channel instability.  Channel cross-sections and profiles were surveyed 
at ten representative locations along the UTSC.  Bed materials were sampled with pebble counts at seven 
of these ten locations.  Data developed from these surveys are presented in Appendix E and a summary of 
existing channel morphology is shown in Table 4. 
 
4.3 Channel Stability Assessment 

 
A qualitative stability assessment was performed to estimate the level of departure from a stable stream 
system and to determine the likely causes of channel disturbance.  
 
The UTSC is deeply incised as it enters the Harrell Property from the culvert under Morning Star Church 
Road.  Cross-section #1, which is approximately 830 feet downstream of the beginning of the project, had 
a bank height ratio of 1.8 at the time of assessment.  Further downstream, cross-sections #2 through #7 
had bank height ratios ranging from 1.4-1.8.  The stream has eroded down to a clay bottom and does not 
have regular access to the floodplain.  Starting at Cross-section #8, the channel is not as incised and has 
bank height ratios from 1.0 to 1.2.  The existing channel slope also decreases in this reach as the stream 
nears the end of the project.  At the end of the project, the UTSC is affected by backwater from Swift 
Creek and has received large sediment deposits during storm events. 
 
4.4 Bankfull Verification 

 
The standard methodology used in natural channel design is based on the ability to select the appropriate 
bankfull discharge and generate the corresponding bankfull hydraulic geometry from a stable reference 
system(s).  The determination of bankfull stage is the most critical component of the natural channel 
design process.  
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Bankfull can be defined as “the stage at which channel maintenance is most effective, that is, the 
discharge at which moving sediment, forming or removing bars, forming or changing bends and 
meanders, and generally doing work that results in the average morphologic characteristics of the 
channels” (Dunne and Leopold 1978).  Several characteristics that commonly indicate the bankfull stage 
include: incipient point of flooding, breaks in slope, changes in vegetation, highest depositional features 
(i.e. point bars), and highest scour line.  The identification of bankfull stage, especially in a degraded 
system, can be difficult.  Therefore, verification measures were undertaken to facilitate the correct 
identification of the bankfull stage on the UTSC.     
 
To verify bankfull stage at UTSC, regional hydraulic geometry relationships (regional curves) were used.  
Regional curves are typically utilized in ungauged areas to approximate bankfull discharge, area, width, 
and depth as a function of drainage area based on interrelated variables from other similar streams in the 
same physiographic province.  Regional curves and corresponding equations from Harman et al. were 
used to approximate bankfull in the project reach (1999).  Based on the regional curves, a bankfull 
discharge and cross-sectional area of 62 ft3/s and 15 ft2 would be anticipated at the bottom of the project 
reach. 
 
4.5 Stream Vegetation 
 
Currently, there is no riparian vegetation at the project site.  Agricultural fields are farmed right up to the 
top of bank along the entire length of the stream.   
 
5.0 REFERENCE STREAMS 
 
A reference reach is a channel with a stable dimension, pattern, and profile within a particular valley 
morphology.  Reference reaches are used to develop dimensionless morphological ratios (based on 
bankfull stage) that can be extrapolated to disturbed/unstable streams to restore a stream of the same type 
and disposition as the reference stream (Rosgen 1998).  Two reference reaches were used for this project: 
a headwater reach of the Mitchell River in Surry County, North Carolina and North Prong Creek in 
Durham County, North Carolina.   
 
5.1 Mitchell River Reference Site  
 
A headwater reach of the Mitchell River was surveyed by the North Carolina State University Water 
Quality Group in February 2003.  The reference site is located in the northwestern portion of Surry 
County as seen in Figure 8.  The reach was classified as a B4c channel at this location and morphological 
data from this reference stream were used for the design of the upper portion of the UTSC.   
The water surface slope and dimensions at this reference reach made it suitable for developing 
dimensionless ratios for the upper portion of UTSC.  Morphological data are presented in Table 4, but no 
representative cross-sections, profile, or pebble counts were available. 
 
5.2 Mitchell River Watershed Characterization 
 
The watershed for the Mitchell River headwater reach is located in Alleghany and Surry counties in 
northwestern North Carolina (Figure 9).  It is part of the 14-digit hydrologic unit code 03040101080010 
in the Yadkin River Basin and the NCDWQ subbasin 03-07-02.  The 6.0-square mile watershed is 
approximately 92% forest and 5% rangeland (McKerrow 2003).  The UTMR is located in the Southern 
Crystalline Ridges and Mountains ecoregion in the Blue Ridge physiographic province.  Elevations in the 
watershed range from 1,470 to 3,148 feet above mean sea level. 
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5.3 North Prong Reference Site 
 
A stable section of North Prong Creek, a second order stream located in Durham County, was selected as 
the reference reach for the downstream portion of the restoration project (Figure 10).  Approximately 400 
linear feet (20 bankfull widths) of North Prong Creek were surveyed by KCI in October 2002.  This reach 
has a sediment regime similar to the UTSC.  Likewise, the valley slope (0.23% compared to 0.24% at the 
project site) and sediment distribution (d50 of 0.2 mm compared to 0.4 mm) of the reference site are very 
similar to that of the project site.  North Prong Creek is located in the Piedmont instead of the Coastal 
Plain physiographic region, but no other appropriate C5 reference was found in the Coastal Plain.   
 
The North Prong Creek reference reach was classified as a narrow width/depth ratio C5 stream type.  
Collected morphological data as well as representative photographs of the reference site are provided in 
Appendix F.  The measured morphological variables and dimensionless hydraulic geometry relationships 
developed to facilitate the restoration design are provided in Table 4. 
 
5.4 North Prong Watershed Characterization 
 
North Prong Creek is located in southern portion of Durham County, North Carolina and is in the 14-digit 
hydrologic unit 03030002060140 within the Cape Fear Basin.  The stream was surveyed just upstream of 
the point where it drains into Northeast Creek.  The watershed for North Prong Creek contains 
approximately 3.15 square miles (Figure 11).  It is found in the NCDWQ 03-06-05 subbasin.  The 
reference reach is located in the Triassic Basins ecoregion in the Piedmont physiographic province.   
 
The portion of the stream used as a reference is found approximately 1,500 feet northwest of the 
intersection of Interstate 40 and State Highway 55.  The elevation in the reference reach watershed ranges 
from approximately 258 to 408 feet above mean sea level.   
 
6.0 PROJECT SITE WETLANDS (EXISTING CONDITIONS) 
 
The proposed wetland restoration site is located northeast of the UTSC and consists of 15.0 acres of 
drained hydric soils currently used for agriculture (Figure 7).  A series of drainage ditches runs through 
the proposed wetland site and it drains everything to the east, which inhibits the formation of saturated 
conditions on the site.  The area has been ditched and drained since at least 1948 and jurisdictional 
hydrology no longer exists on the site.  The wetland site is adjacent to a forested wetland buffer along 
Swift Creek and has the potential to increase the amount of Coastal Plain connected wetland habitat. 
 
6.1 Jurisdictional Wetlands 
 
A wetland delineation was performed at the site in June 2006 using the methods set out by the US Army 
Corps of Engineers (USACE 1987).  There were no existing wetlands except for those that had formed in 
the bottoms of the drainage ditches (Appendix G).  The US Army Corps of Engineers (USACE) issued a 
permit allowing these wetlands to be filled, because the site will be returned to a functioning wetland.  
 
6.2 Hydrologic Characterization 

 
There is a system of drainage ditches throughout the wetland project site as seen in Figure 7.  These 
waterways drain both surface and groundwater from the site and have allowed agriculture to take place 
despite the poorly drained soils and flat site topography.   
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6.2.1 Groundwater Modeling 
 
The numerous modifications to the hydrology of this area have effectively drained the wetland.  The 
development of a network of ditches up to three feet deep has halted the influence of flooding on the area.  
The effect of ditching on wetland hydrology was evaluated in DRAINMOD using: the NRCS model Map 
Unit Users File (MUUF) for Roanoke soil; the daily rainfall and daily maximum and minimum 
temperatures for Rocky Mount and Tarboro for the period from 1950 to 2004 (National Climatic Data 
Center); and the Edgecombe County growing season (21 March to 11 November).  This analysis 
concluded that the existing ditch network has removed jurisdictional hydrology from the evaluated areas.  
 
6.2.2 Surface Water Modeling 
 
KCI performed an analysis of surface water inputs in order to differentiate between riparian and 
nonriparian wetlands.  The floodplain boundaries from DFIRM maps developed by the North Carolina 
Floodplain Mapping Program were used to interpolate the extent of the Swift Creek 5-year floodplain.  
This analysis showed that the 5-year floodplain from Swift Creek extends to 74 feet above mean sea level 
in this location.  This elevation defined the boundary of the nonriparian wetland restoration site for this 
project.   
 
6.2.3 Hydrologic Budget for Restoration Site 
 
Existing Conditions 
Existing site hydrology was modeled by developing an annual water budget that calculates hydrologic 
inputs and outputs in order to estimate the change in storage on a monthly time step (Appendix H).   
 
In order to set up the water budget, historic climatic data were obtained from the North Carolina State 
Climatic Office.  The weather station Tarboro 1 S (318500) in Tarboro, North Carolina was used, because 
it is the nearest station with daily precipitation and temperature records.  The station is located 
approximately 12 miles to the southeast of the Harrell Site.  Monthly precipitation totals from the entire 
period of record (1948-2005) were reviewed and three years were selected to represent a range of 
precipitation conditions:  dry year (1988), average year (1977), and wet year (1989). 
 
Potential inputs to the water budget include precipitation, groundwater, and surface inputs.  For 
precipitation, the data from the three selected years were used in the budget.  Groundwater input likely 
exists, but was considered negligible in comparison to the magnitude of surface and precipitation inputs.  
Surface water input was calculated using the USDA Soil Conservation Service (SCS) runoff curve 
number equation (USDA, SCS 1986).    
 
Outputs from the site include potential evapotranspiration (PET), groundwater, and surface water outlets.  
PET was calculated by the Thornthwaite method using mean monthly temperatures determined from the 
chosen years of record: 1988, 1977, and 1989.  Groundwater represents losses from the site due to 
downward seepage through the soil profile and was assumed to be 2x10-6 ft/min (1.04 inches per month), 
which is typical of low permeability soils associated with wetlands.  A substantial amount of water is also 
lost through the existing ditches on-site.  A DRAINMOD model was set up to simulate the effect of the 
existing drainage network on wetland hydrology.  The program evaluated 40 years of available 
precipitation data and produced the annual loss due to the ditches for the three selected years. 
 
Once the inputs and outputs were determined, a net monthly total was calculated in inches and used to 
estimate a yearly water budget.  The model assumes unsaturated conditions at the beginning of the year.  
A maximum wetland water volume of 4.68 inches was calculated based on the specific yield of 0.13 for 
36 inches of Roanoke soil in order to analyze conditions in the upper three feet of the soil profile.  The 
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resulting hydrographs for the average, dry, and wet years show a seasonal pattern.  The model shows that 
the majority of hydrologic inputs to the site come during the rainy spring months.  The site begins to lose 
saturation in the upper twelve inches in the summer months.  The late fall sees an increase in hydrologic 
inputs again.  The dry year shows very little wetland hydrology overall. 
 
Proposed Conditions 
A modified water budget was developed to analyze the effect of restoration actions on the site hydrology.  
The loss of water from the existing ditches was removed from the calculations, because these ditches will 
be filled and no longer carry water off the site.  To estimate the impact from recreating wetland 
microtopography, an additional two inches of hydrologic capacity was added to the calculations.  Based 
on these changes, the budget shows a noticeable increase in the spring.  In particular, the wet year has 
wetland hydrology throughout almost the entire year.  The dry year does not show much change from the 
existing to proposed budget, which indicates that during a drought year the wetland may not experience 
consecutive saturated conditions expect during the first months of the growing season.  The normal year 
is predicted to have saturation during the earlier part of the growing season with occasional dry periods 
during the late summer months. 
 
6.3 Soil Characterization 
 
A soils investigation at the proposed wetland restoration site was conducted by a certified soil scientist 
from KCI to determine the extent and distribution of the hydric soils and to classify the predominate soils 
to the soil series level.  The investigation consisted of delineating the hydric soil boundaries with pink 
flagging in accordance with the US Army Corps of Engineers (1987).  Areas that were identified as 
possible hydric soil mapping units were surveyed at a higher intensity until the edge of the mapping unit 
was identified.  The boundary of the hydric and non-hydric soil mapping units were then followed by 
continual sampling and observations as the boundary line was identified and delineated.  In those areas 
where the boundary was found to be a broad gradient rather than a distinct break, microtopography, 
landscape position, soil textural changes, redoximorphic features, and depleted matrices were additionally 
considered to identify the extent of the hydric soils. 
 
To develop a detailed soils map, several soil borings were advanced on the site in the general hydric soil 
areas identified by landscape position, vegetation and slope.  Once the hydric soil borings were identified, 
the soil scientist marked the point and established a visual line to the next auger boring where again 
hydric soil conditions were confirmed by additional borings.  The soil scientist moved along the edges of 
the mapping unit and marked each point along the line.  To confirm the hydric soil mapping unit, soil 
borings were advanced to a depth of 50 inches.  The soil profile descriptions identified the individual 
horizons in the topsoil and upper subsoil as well as the depth, color, texture, structure, boundary, and 
evidence of restrictive horizons and redoximorphic features.  The extent of the mapped hydric soils is 
shown in Figure 7.   
 
6.3.1 Taxonomic Classification 
 
The soil type at the wetland restoration site is Roanoke loam series, which is classified as a fine, mixed, 
semiactive thermic Typic Endoaquult.  
 
6.3.2 Profile Description 
 
The Roanoke loam series is described as a poorly drained silt loam that forms in fluvial sediments on 
stream terraces.  The series consists of very deep, slowly permeable or very slowly permeable soils that 
have a moderate shrink-swell potential.  Slopes are typically 0 to 2 percent.  Mapped areas of the Roanoke 
series in Edgecombe County range from 4 acres to more than 100 acres.  Typically, the surface layer is 
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dark grayish brown loam and 8 inches thick.  Organic matter content is medium and there is also a high 
available water capacity in the surface layer.   The seasonal high water table is at or near the surface.  The 
subsoil is typically 44 inches thick with gray clay loam in the upper portion, gray clay in the middle part, 
and gray sandy clay loam in the lower area.  The underlying material up to 90 inches is gray coarse sand 
(USDA, SCS 1979).  The series is listed by the Natural Resource Conservation Service (NRCS) as a 
hydric soil. 
 
6.3.3 Soil Properties 
 
The Roanoke series has a saturated hydraulic conductivity from 0.06 to 2.0 inches/hour.  The percent 
organic matter is approximately 0 to 2.0% and the bulk density is in the range of 1.20 to 1.65 g/cc 
(USDA, SCS 1979).   
 
6.4 Wetland Plant Community Characterization 
 
The wetland restoration site is currently under seasonal agricultural production.  There is no wetland 
vegetation in the farmed area.  The bottoms of the ditches do contain hydrophytic species such as cattail 
(Typha latifolia), water primrose (Ludwigia spp.) and knotweed (Polygonum spp.), but there are no 
woody species within the restoration site. 

 
7.0 REFERENCE WETLAND 
 
A suitable reference wetland was not found for this project.  KCI contacted several landowners with 
potential reference wetland sites, but none were willing to allow their land to be used for an initial survey 
and groundwater monitoring.  KCI will use the description by Schafale and Weakley as a surrogate 
vegetative community as needed (1990).  
 
8.0 PROJECT SITE RESTORATION PLAN 
 
Approximately 6,987 linear feet of stream and 15.0 acres of Coastal Plain Small Stream Swamp wetland 
will be restored at the Harrell Site.  The restored stream and wetland will provide a buffer between the 
existing functioning wetlands along Swift Creek and the agricultural activities in the local watershed. 
 
8.1 Restoration Project Goals and Objectives 
 
The ecological diversity and water quality at the Harrell Site are significantly limited under the existing 
conditions.  This project aims to restore terrestrial and aquatic habitat and to improve water quality by 
reestablishing stable fluvial geomorphic features, wetland hydrology, and native Coastal Plain vegetation.   
 
The primary goals for this project are: 

• Protect aquatic resources from excess nutrients, sediment, and other pollutants coming from the 
agricultural watershed. 

• Reestablish a functional Coastal Plain Small Swamp Stream wetland complex that creates 
terrestrial and aquatic habitat and connects to the existing floodplain corridor along Swift Creek. 

 
The objectives that must be accomplished to reach these goals are: 

• Restore 6,987 linear feet of stable stream channel with the appropriate pattern, profile, and 
dimension that can support a sand transport system. 

• Connect the stream to a functioning floodplain. 
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• Fill and plug ditches in the drained hydric soils to restore saturated hydrologic conditions for 5% 
of the growing season. 

• Plant tree species typical of a Coastal Plain Small Swamp Stream along the UTSC riparian 
corridor and floodplain as well as in the restored wetland. 

 
8.1.1 Designed Channel Classification  
 
The UTSC has been channelized and extensively disturbed as a result of agricultural use.  Both Priority 2 
and Priority 3 approaches will be used to restore this stream.  The division of reaches and priority types 
can be seen in Table 1. 
 
Reach 1 extends from Stations 10+00 to 22+65, which is the first 1,224 linear feet of existing channel.  A 
Priority 3 approach was used within the existing stream corridor and belt width with adjustments made to 
the stream pattern and dimension (Rosgen 1997).  The width/depth ratio will be increased and the banks 
sloped back to establish the appropriate entrenchment ratio for the design channel.  A B5c channel will be 
created with a sinuosity of 1.03 for 1,265 linear feet of stream.  The Mitchell River Headwaters provided 
the reference morphological criteria and hydraulic geometry relationships from which the proposed 
design was based (Table 4).   
 
Reaches 2 (22+65-37+30), 3 (37+30-52+90), and 4 (52+90-79+87), which cover the remainder of the 
stream, will be restored using a Priority 2 approach (Rosgen 1997).  This method involves reestablishing 
a natural profile, planform, and cross-section on the existing channel elevation.  The restoration will 
create a bankfull channel with a new floodplain and the design bankfull stage will equal the new 
floodplain elevation (bank height ratio = 1.0).  The new channel will meander within an approximate belt 
width of 45 to 100 feet as determined by criteria from the reference reach.  Grading will be conducted to 
establish a floodplain and the appropriate cross-sectional area.  A total of three stream crossings will be 
maintained for the landowner to allow access across the easement to agricultural lands.  A C5 channel 
morphology with a sinuosity ranging from 1.05-1.27 will restore 5,114 linear feet of existing stream to 
5,722 linear feet of restored channel.  North Prong Creek was the reference site used to develop the 
morphological criteria and hydraulic geometry relationships that were the basis for the proposed stream 
dimension, pattern, and profile. 
 
The sediment regime in the UTSC is dominated by sand (Appendix E).  In a predominantly sand system, 
the bed is mobilized during storm events, because small sand particles move during turbulent flow. 
Typical pool and riffle features do not exist in a sand system.  Instead, these features shift as sand dunes 
build up and break down throughout the channel.  The dune/anti-dune processes maintain stability in the 
channel.  If there are impediments to these shifting sand processes, the sand can become more turbulent 
and form powerful waves throughout the channel.  For this reason, a limited amount of stream structures 
will be installed in the restored reaches.  Both Reach 2 and Reach 3 will receive one riffle grade control 
structure, which will stabilize sections of the profile where the channel will need to be built up to a certain 
elevation.  Three log drop structures will be placed in Reach 3; these structures are designed to provide 
grade control and stability (refer to the details on Stream Plan Sheet 2).  The log drop structures will also 
be more typical of in-stream habitat found in a small Coastal Plain Small Stream Swamp complex.   
 
In order to promote dune/anti-dune processes in the channel, a gravel/sand starter bed will be installed 
over the existing clay bed in reaches 2, 3, and 4.  Approximately 0.2 foot of pea gravel overlaid with 0.3-
0.5 foot of sand will be placed in the channel.  The profile will be constructed 0.5-0.7 foot lower to 
accommodate this increase in elevation once the starter bed is in place.   
 
Seven agricultural ditches will still flow into the UTSC.  In order to improve the quality of the ditch 
drainage entering the stream, water quality treatment areas will be constructed within the new floodplain.  
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These areas will consist of shallow depressions that will slow and treat water before it enters the stream.  
These features are shown in Stream Detail Sheet 2.  The inlet and outlets to the water quality treatment 
areas will be strengthened with rock stabilization.  A depression of six inches or less will be graded to 
provide storage and treatment of the ditch run-off before it reaches the UTSC.  A total of six water quality 
areas will be installed along the UTSC where ditches join the stream.  A larger channel that enters the 
stream from the southwest corner of the project will not receive a water quality treatment area.  This 
straightened channel receives drainage from an approximately 100-acre watershed and has an intermittent 
flow regime.  An in-line detention structure would influence the flow characteristics of the channel and 
therefore the channel will remain free-flowing.  A vegetated riparian buffer will be established adjacent to 
this feature within the easement boundary.  All of the water treatment areas will be planted with native 
species as described in Section 8.4.1. 
 
Coir fiber matting, seeding, and mulching will be used to provide temporary stabilization on the newly 
graded stream banks and live stakes will be planted to provide long-term rooting strength. 
 
8.1.2 Target Plant Communities 
 
The design vegetative community for both the restored wetland and the UTSC is a Coastal Plain Small 
Stream Swamp (Brownwater subtype) as described by Schafale and Weakley (1990).  This community 
type fits into the natural topography of the project watershed.  The Coastal Plain Small Stream Swamp is 
characterized by a variable canopy, which can be dominated by combinations of bald cypress (Taxodium 
distichum), water tupelo (Nyssa aquatica), and various bottomland hardwoods such as swamp chestnut 
oak (Quercus michauxii), Shumard oak (Q. shumardii), cherrybark oak (Q. pagoda (falcata var. 
pagodaefolia)), laurel oak (Q. laurifolia), black oak (Q. nigra), willow oak (Q. phellos), sweetgum 
(Liquidambar styraciflua), sugarberry (Celtis laevigata), sycamore (Platanus occidentalus), river birch 
(Betula nigra), green ash (Fraxinus pennsylvanica), black willow (Salix nigra), and swamp cottonwood 
(Populus heterophylla).  Understory species include American hornbeam (Carpinus caroliniana), 
Carolina ash (Fraxinus caroliniana), American holly (Ilex opaca), and red maple (Acer rubrum). 
 
8.2 Sediment Transport Analysis 
 
The UTSC is a sand-dominated system and sand channels have a unique transport process where particles 
are suspended in the water column during turbulent flows.  During fully turbulent flow, all of the sand can 
move, but this is rarely the case.  In partial transport scenarios, there is a complex relationship between 
the sand being suspended and the sand slowly depositing back on the bed. 
 
Sand streams have thick plane beds during low flow conditions.  Bed variations (pools) only result from 
scenarios (i.e., objects in the stream) that would induce local scour.  At high flows, dunes form and they 
move downstream by eroding their faces and re-depositing downstream.  At bankfull flows, these dunes 
can wash out causing the plane bed to reform at a lower elevation with the volumetric difference in 
sediment moving downstream in suspension.  During extreme conditions, standing waves can form, and 
the undulations can extend to the clay streambed forming anti-dunes.  The migration of anti-dunes 
upstream consequently forces the waves with them.  In the proposed restoration, this process provides the 
mechanism by which sediment transport will occur and provide bed heterogeneity. 
 
Sand channels must have adequate capacity to allow dunes to form and move.  This design capacity is 
related to the available sediment supply.  The agricultural nature of the watershed and the existing 
sediment sampled in the channel suggest the availability of sufficient sediment to support this design 
system.  These “reference transport conditions” were limited in the project stream but are quite common 
and visible in many stable and quasi-stable channels in the Coastal Plain.  The shape of the rigid 
streambed and the thickness of sand in the reference sections serve as the criteria for the design of the 
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restoration reaches.  The hydraulics of similar sections associated with the sand beds allows for scaling of 
the parameters for the restored reaches.      
 
The design channels in Reaches 2 – 4 will be a C5 type with silt/clay banks.  The channel will be 
excavated approximately 0.5-0.7 foot below the finished grade elevation and backfilled with a small 
gravel/sand bed (0.2 foot gravel/0.3-0.5 foot sand) providing the mechanism for the dune formation.  The 
dunes will serve as the primary resistance in the channel until vegetation establishes.  The starter bed will 
allow for normal dune function immediately following construction and will help to prevent bed 
degradation and erosion.  The design slope associated with the pattern layout has been sized to 
accommodate the sand transport processes.  As has been previously discussed in Section 8.1.1, several 
rigid structures have also been designed to serve as grade control and compliment the sand channel 
design. 
 
8.3 Wetland Hydrologic Modifications 
 
The restoration of wetland hydrology will focus on removing the ditch network that drains off all excess 
surface water and groundwater within the upper horizons.  The restoration actions are shown on the 
Wetland Plan Sheets. 
 
8.3.1 Narrative of Modifications 
 
To restore the wetland, the existing ditch network will be plugged and filled to block water from leaving 
the site.  Ditch plugs will be placed in the four existing ditch outlets.  At the downstream end of the 
wetland site, a rock-stabilized outlet will be installed to prevent the channel from reforming.  In addition 
to blocking the major outlets from the site, KCI will also recreate wetland microtopography.  The site will 
be graded to form small depressions and rises throughout the site that resemble the minor variations in 
elevation found in a natural wetland system.  These modifications will allow precipitation and overland 
flow to remain on the wetland site.  The removal of the ditches will also raise the groundwater level.  
 
8.4 Natural Plant Community Restoration 
 
8.4.1 Stream Riparian Planting 
 
On the restored stream banks, live stakes will be used in conjunction with the native herbaceous seed mix 
to provide natural stabilization.  Appropriate species identified for live staking include: 
 
Silky dogwood    Cornus amomum 
Black willow   Salix nigra 
Elderberry  Sambucus canadensis  
 
A herbaceous seed mix composed of the appropriate native species will also be developed and used to 
further stabilize and restore the riparian and bank zones. 
 
Riparian plantings shall consist of native woody species.  KCI will plant 436 stems per acre (10 feet by 10 
feet spacing) to achieve a mature survivability of 320 stems per acre.  Plant placement and groupings will 
be randomized during installation in order to develop a more naturalized appearance.  Woody vegetation 
planting will be conducted during dormancy.  Species to be planted in the floodplain area will consist of 
at least five of the following:  
 
River birch   Betula nigra    
Beautyberry    Callicarpa americana   
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Sugarberry   Celtis laevigata   
Persimmon   Diospyros virginiana   
Green ash   Fraxinus pennsylvanica  
Sycamore   Platanus occidentalis 
Swamp chestnut oak  Quercus michauxii 
Willow oak   Quercus phellos 
Possumhaw viburnum  Viburnum nudum 
 
Species to be planted in the riparian area leading up from the floodplain may consist of the following:  
 
Shagbark hickory  Carya ovata 
Black walnut   Juglans nigra  
Southern red oak  Quercus falcata 
 
8.4.2 Wetland Planting 
 
Plantings shall consist of native species commonly found in Coastal Plain Small Stream Swamp 
communities and will be planted at a density of 436 trees per acre (10 feet by 10 feet spacing) to achieve a 
mature survivability of 320 trees per acre.  Plant placement and groupings will be randomized during 
installation in order to develop a more naturalized appearance.  Woody vegetation planting will be 
conducted during dormancy.  Tree species to be planted at the wetland site may consist of the following 
species.  Trees from Zone A will be planted in the lowest, wettest areas of the wetland near the former 
outlet.  Species from Zone B will likely cover the largest area and consist of a mixture of obligate and 
facultative species that will do well in fluctuating water levels. Zone C trees will be planted upper edges 
of the wetland.   
 
Zone A  
Water hickory   Carya aquatica    OBL 
Green ash   Fraxinus pennsylvanica   FACW 
Water tupelo   Nyssa aquatica    OBL 
Bald cypress   Taxodium distichum   OBL 
Possumhaw viburnum  Viburnum nudum   FACW+ 
 
Zone B 
Green ash   Fraxinus pennsylvanica   FACW 
Water tupelo   Nyssa aquatica    OBL 
Laurel oak   Quercus laurifolia   FACW 
Swamp chestnut oak  Quercus michauxii   FACW- 
Willow oak   Quercus phellos    FACW- 
Possumhaw viburnum  Viburnum nudum   FACW+ 
 
Zone C 
Beautyberry   Callicarpa americana   FACU- 
Laurel oak   Quercus laurifolia    FACW 
Swamp chestnut oak  Quercus michauxii   FACW- 
Cherrybark oak   Quercus pagoda   FAC+ 
Willow oak   Quercus phellos    FACW- 
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8.4.3 On-Site Invasive Species Management 
 
Currently, there are no invasive species present at either the stream or wetland restoration sites, because 
both are under agricultural production.  No management actions are anticipated at this time. 
9.0 PERFORMANCE CRITERIA 
 
Both the stream and wetland restoration sites will be monitored to evaluate project success.  For the 
stream, monitoring shall consist of the collection and analysis of stream stability and riparian/stream bank 
vegetation survivability data to support the evaluation of the project in meeting established restoration 
objectives.  Specifically, stream success will be assessed utilizing measurements of stream dimension, 
pattern, and profile, site photographs, and vegetation sampling.  The wetland site will be deemed 
successful once hydrology is established and vegetation success criteria are met.   
 
9.1 Stream Stability 
 
The purpose of monitoring is to evaluate the stability of the restored stream.  Following the procedures 
established in the USDA Forest Service Manual, Stream Channel Reference Sites (Harrelson et. al 1994) 
and the methodologies utilized in the Rosgen stream assessment and classification system (Rosgen 1994 
and 1996), data collected will consist of detailed dimension and pattern measurements, longitudinal 
profiles, and bed materials sampling.   
 
Dimension 
Fourteen permanent cross-sections will be established and used to evaluate stream dimension.  One pool 
and one riffle cross-section each will be installed on Reach 1.  Reaches 2, 3, and 4 will have three, four, 
and five cross-sections, respectively.  Permanent monuments will be established by either conventional 
survey or GPS.  The cross-section surveys shall provide a detailed measurement of the stream and banks, 
to include points on the adjacent floodplain, at the top of bank, bankfull, at all breaks in slope, the edge of 
water, and thalweg.  Subsequently, width/depth ratios and entrenchment ratios will be calculated for each 
cross-section.   
 
Cross-section measurements should show little or no change from the as-built cross-sections.  If changes 
do occur, they will be evaluated to determine whether they are minor adjustments associated with settling 
and increased stability or whether they indicate movement toward an unstable condition.    
 
Pattern 
Measurements associated with the restored channel pattern shall be taken on the section of the stream 
included in the longitudinal profiles.  These will include belt width, meander length, and radius of 
curvature.  Based on these values, sinuosity, meander width ratio, radius of curvature, and meander 
length/bankfull width ratios will be calculated.   
 
Profile 
A total of 3,000 linear feet of profile will be surveyed along the restored stream.  Longitudinal profiles 
will be conducted on 500 linear feet of Reach 1.  An additional 2,500 linear feet of profile measurements 
will be completed along reaches 2, 3, and 4.  Measurements will include average water surface slopes for 
all of the reaches as well as pool and riffle slopes and pool-to-pool spacing for Reach 1.  Annual 
measurements should indicate stable bedform features with little change from the as-built survey.   
 
Bed Materials 
Pebble counts will be conducted at each representative cross-section for the purpose of repeated 
classification and to evaluate sediment transport. 
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Photograph Reference Points 
Photograph reference points (PRP) will be established to assist in characterizing the site and to allow 
qualitative evaluation of the site conditions.  The location and bearing/orientation of each photo point will 
be permanently marked in the field and documented to allow for repeated use. 
 
Cross-section Photograph Reference Points 
Each cross-section will be photographed to show the form of the channel with the tape measure stretched 
over the channel for reference in each photograph.  Effort will be made to consistently show the same 
area in each photograph.   
 
Longitudinal Photograph Reference Points 
Additional PRPs will be located as needed to document the condition of specific in-stream structures such 
as log drop structures. 
 
9.2 Stream Riparian Vegetation 
 
KCI will monitor vegetation for five years following the first growing season.  The success of the riparian 
buffer plantings will be evaluated using eighteen (2% of the total buffer area) ten by ten meter vegetative 
sampling plots.  The corners of each monitoring plot will be permanently marked in the field.  Data will 
be collected at each plot for: total number of stems, species, percent survival, height, estimated percent 
cover of all species, and evidence of insects, disease or browsing.  Additionally, a photograph will be 
taken of each plot and will be replicated each monitoring year.  Riparian vegetation must meet a 
minimum survival success rate of 320 stems/acre after five years.  If monitoring indicates that the 
specified survival rate is not being met, appropriate corrective actions such as controlling invasive 
species, removing dead/dying plants and replanting will be undertaken.  Non-target species must not 
constitute more than 20% of the woody vegetation based on permanent monitoring plots.   
 
9.3 Wetland Hydrology 
 
Groundwater elevations will be monitored to evaluate the attainment of jurisdictional wetland hydrology.  
Verification of wetland hydrology will be determined by automatic recording well data collected within 
the project wetland.  Within the restoration area, four automatic recording gauges will be established to 
cover a density of one automatic well per four acres.  Daily data will be collected from the automatic 
gauges over the 5-year monitoring period following wetland construction.    
 
Wetland hydrology will be considered established if well data from the site indicate that groundwater is 
within 12 inches of the soil surface for 5% of the growing season during normal weather conditions.  The 
growing season was taken from COOP Station 318500, which is located in Tarboro in Edgecombe 
County.  According to the NRCS, the growing season is considered to be the period with a 50% 
probability that the daily minimum temperature is higher than 28° F.  The growing season for Edgecombe 
County extends from March 21 to November 11 for a total of 235 days (USDA, NRCS 2002).  Based on 
this growing season, success will be achieved at the project site if the water table is within 12 inches of 
the soil surface for 12 consecutive days or more during the growing season. 
 
9.4 Wetland Vegetation 
 
The success criteria for the planted species in the wetland restoration area will be based on survival and 
growth.  Beginning at the end of the first growing season, KCI will monitor vegetation for five years 
following the planting. 
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Twelve permanent monitoring plots measuring ten by ten meters will be established in the wetland 
restoration area ensuring a 2% monitoring coverage of the total restoration acreage.  Plots will be 
systematically located to ensure even placement.  Data will be collected at each plot for: total number of 
stems, species, percent survival, height, estimated percent cover of all species, and evidence of insects, 
disease or browsing.  Survival of planted species must be 320 stems/acre at the end of five years of 
monitoring.  Non-target species must not constitute more than 20% of the woody vegetation based on 
permanent monitoring plots.  Management actions such as controlling invasive species, removing 
dead/dying plants and replanting will be undertaken as necessary. 
 
9.5 Schedule/Reporting 
 
The first scheduled monitoring will be conducted during the first full growing season following project 
completion.  Monitoring shall subsequently be conducted annually for a total period of five years. 
 
Annual monitoring reports will be prepared and submitted after all monitoring tasks for each year are 
completed.  The report will document the monitored components of the restoration plan (hydrology and 
vegetation) and include all collected data, analyses, and photographs.  Each report will provide the new 
monitoring data and compare the most recent results against previous findings.  The monitoring report 
format will be similar to that set out in the most recent EEP monitoring protocol. 
 
Variations from the designed stream and wetland can be anticipated due to unknown site conditions, 
inputs from outside the restoration site, regional climatic variations, or acts of God, etc.  Regular 
management activities will be implemented as necessary to ensure that the goals and objectives of the 
project are met.  These activities will be conducted throughout the year and may include invasive species 
control or other management activities.  If the monitoring identifies failures in the project site, a remedial 
action plan will be developed to investigate the causes of the failure and propose actions to rectify the 
problem. 
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Reach Station Range Restoration Type Priority 
Approach

Existing Linear 
Footage

Designed Linear 
Footage Comments

Reach 1 10+00 - 22+65 Restoration P3 1,224 1,265 Connects to downstream 
crossing and culvert

Reach 2 22+65 - 37+30 Restoration P2 1,389 1,465 Connects to upstream 
crossing and culvert

Reach 3 37+30 - 52+90 Restoration P2 1,231 1,560

Begins where large ditch 
enters the stream and ends 
at downstream crossing 
and culvert

Reach 4 52+90 - 79+87 Restoration P2 2,494 2,697 Connects to upstream 
crossing and culvert

Drainage Area 
(acres)

125.9

147.1

271.3

387.2

Land Use Acreage Percentage of 
Watershed

Agriculture 419.9 94.6%
Forest 18.7 4.2%
Rangeland 5.3 1.2%
Wetland 0.2 0.0%

Harrell Stream Restoration

Table 1. Project Restoration Structure and Objectives
Harrell Stream Restoration

Table 3. Land Use of Watershed

Reach 

Table 2. Drainage Areas

Harrell Stream and Wetland Restoration

Reach 3 (From confluence with major ditch to 
second road crossing)
Reach 4 (From second road crossing to end of 
project)

Reach 1 (Beginning to first road crossing)

Reach 2 (First road crossing to confluence with 
major ditch)

23



Table 4. Morphological Design Criteria 
 

EXISTING PROPOSED 

Variables 
UTSC1 UTSC2 UTSC3 UTSC4 

Ref. 
Reach 

Mitchell 
River 
HW 

Ref. 
Reach 
North 
Prong 
Creek 

UTSC 1 UTSC 2 UTSC 3 UTSC 4 

Rosgen Stream Type E5 E5 E5 E5 B4c C5 B5c C5 C5 C5 
Drainage Area (mi2) 0.197 0.230 0.424 0.605 6.0 3.04 0.197 0.229 0.424 0.605 
Bankfull Width (W bkf) (ft) 5.4 6.1 7.6 9.5 29.2-35.0 17.8 10 10 12 13.4 
Bankfull Mean Depth (dbkf) (ft) 1.3 1.3 1.6 1.5 2.0-2.1 1.5 0.9 1.1 1.4 1.6 
Bankfull Cross Sectional Area 
(Abkf) (ft2) 7.3 7.8 11.6 13.8 62.5-68.8 26.2 9.1 11.2 16.8 21.6 
Width/depth Ratio (Wbkf/dbkf) 4.1 4.8 5.0 7.0 13.9-17.5 12.1 11.1 9.1* 8.6* 8.4* 
Maximum Depth (dmbkf) (ft) 2.0 1.9 2.7 2.5 2.7-2.8 3.0 1.4 1.6 2.0 2.3 
Width of Flood Prone Area 
(Wfpa) (ft) 

>70 >70 >70 >60 44-64 600+ 18+ 30+ 30+ 30+ 
Entrenchment Ratio (ER) 13.0 11.1 9.5 7.2 1.3-2.2 33.7 1.8+ 3.0+ 2.5+ 2.2+ 
Water Surface Slope (S) (ft/ft) 0.004 0.007 0.006 0.0023 0.0084 0.0024 0.0067 0.0023 0.0023 0.0023 
Sinuosity (stream length/valley 
length) (K) 1** 1** 1** 1** 1.1 1.28 1.03 1.05 1.27 1.08 

Pool Depth (ft) ** ** ** ** 2.7 *** 1.5 *** *** *** 
Riffle Depth (ft) ** ** ** ** 0.9-1.2 *** 0.9 *** *** *** 
Pool Width (ft) ** ** ** ** 27 *** 11 *** *** *** 
Riffle Width (ft) ** ** ** ** 8.7-12.3 *** 10 *** *** *** 
Pool XS Area (sf) ** ** ** ** 72.5 *** 16 *** *** *** 
Riffle XS Area (sf) ** ** ** ** 62.5-68.8 *** 9.1 *** *** *** 
Pool Depth/Mean Riffle 
Depth ** ** ** ** 1.3-1.4 *** 1.7 *** *** *** 

Pool Width/Riffle Width ** ** ** ** 0.9 *** 1.1 *** *** *** 
Pool Area/Riffle Area ** ** ** ** 1.1 *** 1.8 *** *** *** 
Max pool depth/dbkf ** ** ** ** 2.0-3.5 *** 2.7 *** *** *** 
Low Bank Height/ dmbkf 2.74 2.30 2.64 1.69 - 3.0 1 1 1 1 
Mean Bankfull Velocity 
(V) (fps) 3.27 3.97 3.96 2.20 3.2-5.3 3.1 3.3 2.7 2.7 3.2 

D
im

en
si

on
 

Bankfull Discharge (Q) 
(cfs) 24 31 44-51 20-31 280 83 25-30 25-30 40-45 65-70 

Meander length (Lm) (ft) ** ** ** ** 140-500 94-143 50-200 100-200 120-240 130-260 
Radius of Curvature (Rc) 
(ft) ** ** ** ** 70-220 37-40 30-80 30-50 40-60 40-70 

Belt Width (Wblt) (ft) ** ** ** ** 100-400 158 45-65 45-60 60-100 50-90 
Meander Width Ratio  ** ** ** ** 3.0-14.0 8.9 4-10 4-10 4-10 4-10 
Rc/ W bkf  Ratio ** ** ** ** 2.0-7.5 2.1-2.3 3-8 3-5 3-5 3-5 

Pa
tte

rn
 

Lm / W bkf  Ratio ** ** ** ** 4.0-17.1 5.3-8.0 5-20 10-20 10-20 10-20 
Valley Slope 0.004 0.003 0.002 0.0014 0.009 0.0023 0.0069 0.0024 0.0029 0.0025 
Average Water Surface 
Slope 0.004 0.007+ 0.006+ 0.0023+ 0.0084 0.0024 0.0067 0.0023 0.0023 0.0023 

Riffle Slope  ** ** ** ** 0.007-
0.027 *** 0.0085 *** *** *** 

Pool Slope ** ** ** ** 0.0-0.003 *** 0.003 *** *** *** 
Pool to Pool Spacing ** ** ** ** 115-400 *** 74-228 *** *** *** 
Pool Length ** ** ** ** - *** 26-60 *** *** *** 
Riffle Slope/Avg WS 
Slope ** ** ** ** 0.8-3.2 *** 1.27 *** *** *** 

Pool Slope/ Avg WS 
Slope ** ** ** ** 0.01-0.3 *** 0.45 *** *** *** 

Pool Length/ W bkf ** ** ** ** - *** 2.6-6.0 *** *** *** 

Pr
of

ile
 

Pool to Pool 
Spacing/Wbkf 

** ** ** ** 1.5-3.8 *** 7.4-22.8 *** *** *** 

  *    The width/depth ratio is lower than that typical of a C type stream, but the channel has been designed with greater depth to accommodate the formation of a dune/anti-dune sand system. 
 **   The existing stream has been channelized and does not have a natural meander pattern with distinct pool and riffle features. 
***  Sand streams are not characterized by riffle and pool features, but rather by a dune/anti-dune system.   
  +    Stream slope exceeds valley slope in reaches that are experiencing base lowering more rapidly than the existing valley gradient. 
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Figure 6. Project Site Floodplain Map
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Figure 11. Reference Reach Watershed (North Prong Creek)

²
3,000 0 3,0001,500

Feet

1:36,000
1 inch equals 3,000 feet

Reference Reach Watershed Boundary
14-digit HUC Boundaries

Source: USGS Topographic Quadrangle, 
Southwest Durham 1981

Reference Reach
(North Prong Creek)

37



38



Stream Plan Sheets 





































Wetland Plan Sheets 



 
 
 















Appendix A. Historical Aerial Photographs 
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Harrell Historic Aerials 1979 to 2005
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Appendix B. Correspondence 

























Appendix C. Conservation Easement 









Appendix D. Project Site Photographs 





Beginning of the project stream as it leaves 
the culvert and enters the Harrell Property. 

Looking upstream toward the first road 
crossing on the project stream. 

A view downstream from the first road 
crossing; gauge 1 is seen on the left. 
 

Looking downstream with agricultural fields 
bordering both sides of the stream. 

Eroding banks along the project stream. 
 

Looking upstream from the second road 
crossing. 

STREAM SITE  PHOTOGRAPHS 



A view downstream from the second road 
crossing with gauge 2 on the left. 

Exposed banks along the project stream. 
 

A look upstream along the lower portion of 
the project stream. 
 

Another view upstream along the lower 
portion of the project stream. 

Looking upstream from the end of the project 
stream. 

The downstream limit of the project stream 
where it enters a forested section before 
draining into Swift Creek. 

STREAM SITE  PHOTOGRAPHS 



An overview of the wetland site looking 
toward the southeast. 

A look at the wetland site (to the left) from 
the upper northern boundary. 

The entire wetland site is under agricultural 
production. 
 

A look at the confluence of three ditches that 
currently drain the wetland site.   

Looking upstream of the ditch that drains the 
southern portion of the wetland site. 

Looking north-northeast over the site from the 
main ditch. 
 

WETLAND SITE  PHOTOGRAPHS 





Appendix E. Existing Conditions Data 
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Appendix G. Jurisdictional Wetlands 
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Appendix H. Wetland Water Budget 





Harrell Farm - Existing Conditions
Dry Year

1988 P Si * Gi PET So Go
January 3.55 0.28 0.00 0.10 0.28 1.04 2.15 0.00 2.15
February 2.10 0.04 0.00 0.51 0.04 1.04 0.29 0.00 2.44
March 2.59 0.03 0.00 1.18 0.03 1.04 0.11 0.00 2.55
April 2.20 0.05 0.00 2.31 0.05 1.04 -1.41 0.00 1.14
May 3.64 0.31 0.00 3.84 0.31 1.04 -1.50 0.00 0.00
June 3.25 0.15 0.00 5.25 0.15 1.04 -3.30 0.00 0.00
July 2.24 0.07 0.00 6.44 0.07 1.04 -5.50 0.00 0.00
August 4.26 0.64 0.00 6.18 0.64 1.04 -3.22 0.00 0.00
September 2.40 0.04 0.00 3.97 0.04 1.04 -2.87 0.00 0.00
October 2.92 0.30 0.00 1.57 0.30 1.04 0.05 0.00 0.05
November 2.48 0.10 0.00 1.08 0.10 1.04 0.10 0.00 0.16
December 0.58 0.00 0.00 0.23 0.00 1.04 0.09 0.00 0.25
Annual Totals 32.21 2.00 0.00 32.66 2.00 0.00

Avg. Year
1977 P Si * Gi PET So Go

January 3.95 0.72 0.00 0.00 0.72 1.04 2.37 0.00 2.37
February 2.02 0.06 0.00 0.34 0.06 1.04 0.10 0.00 2.47
March 4.83 0.23 0.00 1.51 0.23 1.04 1.74 0.00 4.20
April 2.04 0.14 0.00 2.80 0.14 1.04 -2.34 0.00 1.87
May 5.94 2.70 0.00 4.08 2.70 1.04 0.28 0.00 2.15
June 2.89 0.04 0.00 4.96 0.04 1.04 -3.65 0.00 0.00
July 1.70 0.01 0.00 6.80 0.01 1.04 -6.68 0.00 0.00
August 5.39 0.82 0.00 5.96 0.82 1.04 -2.15 0.00 0.00
September 3.73 1.63 0.00 4.58 1.63 1.04 -2.43 0.00 0.00
October 4.43 0.34 0.00 1.98 0.34 1.04 0.87 0.00 0.87
November 4.06 1.28 0.00 1.33 1.28 1.04 1.15 0.00 2.02
December 4.06 0.29 0.00 0.38 0.29 1.04 3.14 0.00 4.68
Annual Totals 45.04 8.27 0.00 34.72 8.27 0.00

Wet Year
1989 P Si * Gi PET So Go

January 2.49 0.02 0.00 0.48 0.02 1.04 -0.01 0.00 0.00
February 5.70 0.52 0.00 0.42 0.52 1.04 3.26 0.00 3.26
March 6.25 0.48 0.00 1.08 0.48 1.04 3.15 1.01 4.68
April 7.74 1.18 0.00 2.11 1.18 1.04 3.61 2.89 4.68
May 5.72 0.49 0.00 3.47 0.49 1.04 0.23 0.00 4.68
June 8.36 1.17 0.00 6.16 1.17 1.04 0.18 0.00 4.68
July 5.16 1.35 0.00 6.29 1.35 1.04 -3.15 0.00 1.53
August 7.58 1.30 0.00 5.45 1.30 1.04 0.11 0.00 1.64
September 2.89 0.06 0.00 4.16 0.06 1.04 -3.29 0.00 0.00
October 4.47 0.75 0.00 2.14 0.75 1.04 0.31 0.00 0.31
November 2.90 0.19 0.00 1.03 0.19 1.04 -0.15 0.00 0.16
December 3.56 0.29 0.00 0.00 0.29 1.04 2.58 0.00 2.74
Annual Totals 62.82 7.79 0.00 32.80 7.79 0.00

Water Inputs Water Outputs Change in 
Storage

Excess 
Water 

Wetland 
VolumeLoss to Ditches

0.26
0.26
0.26
0.26
0.26
0.26
0.26
0.26
0.26
0.26
0.26
0.26
3.12

Water Inputs Water Outputs Change in 
Storage

Excess 
Water 

Wetland 
VolumeLoss to Ditches

0.54
0.54
0.54
0.54
0.54
0.54
0.54
0.54
0.54
0.54
0.54
0.54
6.48

Water Inputs Water Outputs Change in 
Storage

Excess 
Water 

Wetland 
VolumeLoss to Ditches

0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98
0.98

11.76
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Harrell Farm - Proposed Conditions
Dry Year

1988 P Si * Gi PET So Go
January 3.55 0.28 0.00 0.10 0.00 1.04 2.69 0.00 2.69
February 2.10 0.04 0.00 0.51 0.00 1.04 0.59 0.00 3.28
March 2.59 0.03 0.00 1.18 0.00 1.04 0.39 0.00 3.67
April 2.20 0.05 0.00 2.31 0.00 1.04 -1.10 0.00 2.58
May 3.64 0.31 0.00 3.84 0.00 1.04 -0.94 0.00 1.64
June 3.25 0.15 0.00 5.25 0.00 1.04 -2.89 0.00 0.00
July 2.24 0.07 0.00 6.44 0.00 1.04 -5.18 0.00 0.00
August 4.26 0.64 0.00 6.18 0.00 1.04 -2.32 0.00 0.00
September 2.40 0.04 0.00 3.97 0.00 1.04 -2.57 0.00 0.00
October 2.92 0.30 0.00 1.57 0.00 1.04 0.62 0.00 0.62
November 2.48 0.10 0.00 1.08 0.00 1.04 0.46 0.00 1.08
December 0.58 0.00 0.00 0.23 0.00 1.04 0.35 0.00 1.43
Annual Totals 32.21 2.00 0.00 32.66 0.00 0.00

Avg. Year
1977 P Si * Gi PET So Go

January 3.95 0.72 0.00 0.00 0.00 1.04 3.63 0.00 3.63
February 2.02 0.06 0.00 0.34 0.00 1.04 0.70 0.00 4.34
March 4.83 0.23 0.00 1.51 0.00 1.04 2.51 0.00 4.68
April 2.04 0.14 0.00 2.80 0.00 1.04 -1.65 0.00 3.03
May 5.94 2.70 0.00 4.08 0.00 1.04 3.52 0.00 4.68
June 2.89 0.04 0.00 4.96 0.00 1.04 -3.07 0.00 1.61
July 1.70 0.01 0.00 6.80 0.00 1.04 -6.13 0.00 0.00
August 5.39 0.82 0.00 5.96 0.00 1.04 -0.78 0.00 0.00
September 3.73 1.63 0.00 4.58 0.00 1.04 -0.27 0.00 0.00
October 4.43 0.34 0.00 1.98 0.00 1.04 1.75 0.00 1.75
November 4.06 1.28 0.00 1.33 0.00 1.04 2.96 0.00 4.68
December 4.06 0.29 0.00 0.38 0.00 1.04 3.98 0.86 4.68
Annual Totals 45.04 8.27 0.00 34.72 0.00 0.00

Wet Year
1989 P Si * Gi PET So Go

January 2.49 0.02 0.00 0.48 0.00 1.04 0.98 0.00 0.98
February 5.70 0.52 0.00 0.42 0.00 1.04 4.76 0.00 4.68
March 6.25 0.48 0.00 1.08 0.00 1.04 4.61 1.49 4.68
April 7.74 1.18 0.00 2.11 0.00 1.04 5.78 2.66 4.68
May 5.72 0.49 0.00 3.47 0.00 1.04 1.70 0.00 4.68
June 8.36 1.17 0.00 6.16 0.00 1.04 2.33 0.00 4.68
July 5.16 1.35 0.00 6.29 0.00 1.04 -0.83 0.00 3.85
August 7.58 1.30 0.00 5.45 0.00 1.04 2.39 0.00 4.68
September 2.89 0.06 0.00 4.16 0.00 1.04 -2.25 0.00 2.43
October 4.47 0.75 0.00 2.14 0.00 1.04 2.04 0.00 4.47
November 2.90 0.19 0.00 1.03 0.00 1.04 1.02 0.00 4.68
December 3.56 0.29 0.00 0.00 0.00 1.04 3.84 0.72 4.68
Annual Totals 62.82 7.79 0.00 32.80 0.00 0.00
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ADDENDUM 
Harrell Stream and Wetland Restoration Plan 

May 1, 2007 
 

 
On March 30, 2007, KCI Technologies, Inc. (KCI) submitted the Restoration Plan for the Harrell 
Stream and Wetland Restoration Site to the Ecosystem Enhancement Program (EEP).  The plan 
proposes restoring 6,987 linear feet on an Unnamed Tributary to Swift Creek (UTSC) and 15.0 
acres of a Coastal Plain Small Stream Swamp wetland community. This addendum addresses the 
comments generated from the EEP review of the Restoration Plan.  
 
The EEP comments are described below followed by the response from KCI that provides the 
requested information/justification.  
 
1.) EEP Comment 

Page 6, Section 5.0 – Reference reaches for the project includes the Mitchell River in 
Surry County and the North Prong Creek in Durham County.  While it is understood that 
reference reach data is used to develop dimensionless ratios, the distance and geographic 
location of the Mitchell River site in particular to the proposed site is significant.  Please 
provide justification of why these sites were chosen over reference reaches closer to the 
project site and within the same geographic area. 

 
 KCI Response 

KCI has spent considerable time searching for suitable reference reaches throughout 
North Carolina. Finding a reference reach for the Reach 1 proved to be especially hard 
because there are few stable Bc streams with the appropriate slope in the proximity of the 
restoration site. Even though the Mitchell River site is not close to the project site 
geographically, the desired stream type and valley is the same as the designed stream. 
Published data have concluded that geographical proximity is less important in reference 
reach selection than stream and valley character.1 

 

                                                 
1 Hey, R.D. 2006.  Fluvial geomorphological methodology for natural stable channel design. Journal of the American Water 
Resources Association (JAWRA) 42(2): 357-374. 
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2.) EEP Comment 
Page 8, Section 6.2.1 – Please reference the location of the documentation for the 
conclusions identified (assuming it relates to Appendix H). 
 

 KCI Response 
The effect of ditching on wetland hydrology was evaluated using DRAINMOD, a 
groundwater model developed at North Carolina State University to simulate the effects 
of drainage networks on soils with shallow water tables.  The model was subsequently 
modified with a counter goal of evaluating wetland hydrology.  The model requires the 
following inputs: effective ditch/drain depth; ditch/drain spacing; soil-water 
characteristics; saturated hydraulic conductivities, and climatic data for the area 
consisting of daily rainfall, daily maximum and minimum temperatures, and growing 
season. Using information from the existing site conditions, the ditches in the model were 
set at 90 cm (3 ft) deep and spaced at 75 meters apart.  The soil-water characteristic file 
was generated using the NRCS model Map Unit Users File (MUUF) for Roanoke soil.  
The MUUF was also used to set the saturated hydraulic conductivities. Daily rainfall and 
daily maximum and minimum temperatures for Rocky Mount and Tarboro for the period 
from 1950 to 2004 were used to generate the climatic dataset.  The data were downloaded 
from the NOAA National Climatic Data Center website.  Two datasets were obtained to 
allow for coverage in gaps in either set.  Upon filling gaps, the Tarboro dataset covered 
the years from 1950 to 1997. The period modeled in the simulation was 1950 to 1990. 
The growing season for Edgecombe County is March 21 to November 11. 
 
A model was created that simulated the existing conditions where ditch spacing is 75 
meters apart and the ditch depth is 90 cm (HARR75.WET).  Based on these existing 
conditions, the model indicates that wetland hydrology is not present on the site; the 
model showed that the site had jurisdictional hydrology only 18 out of 41 years.  The 
impact from this ditching was calculated over the simulation period of 1950 to 1990 
(HARR75B.YR in “drainage” column).  Three years were chosen as representative: 1988, 
1977, and 1989 as dry, average, and wet years, respectively.   
 
Another model was created to analyze the conditions necessary to achieve jurisdictional 
hydrology.  Multiple simulations were run using different spacing with a 10-meter 
interval, which indicated that at a spacing of 115 meters wetland hydrology (continuous 
saturation for 19 days or 8 percent of the growing season) was achieved 21 years of the 
time period (1950-1990).  Further simulations for spacings from 110 to 115 meters at 1 
meter intervals indicated that at a spacing of 114 meters or 57 meters on each side (187 
feet) wetland hydrology was attained for 51 percent of the years modeled 
(HARRELL.WET).   
 
A post-restoration simulation was conducted to predict the site groundwater hydrology 
after restoration activities have been completed.  The existing ditch spacing was kept in 
the model, but the ditch depth was changed to 10 cm to indicate a minimal amount of 
drainage still exiting the site.  The model indicated that successfully plugging and filling 
the ditches should restore jurisdictional wetland hydrology to the currently non-
jurisdictional Roanoke soils with wetland hydrology 31 out of 41 years 
(HARRPST.WET).   
 
To view the data from these analyses, please see the following pages (A-3 to A-9). 
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3.) EEP Comment 
Page 8, Section 6.2.2 – Please provide a graphic to document the conclusions within 
these sections. 
 

 KCI Response 
An initial boundary between non-riparian and riparian wetlands was set at 74 feet based 
on interpolation of available FEMA maps at the time of the project proposal.  The 
definition of non-riparian wetland was based on that provided in RFP 16-D05025.  In the 
most recent DFIRM maps from the Flood Insurance Study (FIS) for Edgecombe County 
(11/3/2004), FEMA provides elevations of 72.5 and 75.4 feet for 10-year and 100-year 
flood events, respectively.  A boundary of 72.5 feet for a 10-year event shows that only a 
small portion of the site receives flooding input from Swift Creek during an event of this 
magnitude (Figure A-1).   
 
Additional hydrologic analysis on the site has concluded that the site hydrology is 
derived from precipitation and groundwater, which is currently drained from the site by a 
series of drainage ditches.  The site topography, in particular the surface slope at the 
eastern transition into the floodway of Swift Creek, allows any floodwaters to readily 
drain from the site and thus inhibits extended periods of floodwater retention in the 
restoration area.  

   



Figure A-1. Harrell Non-riverine Wetland Boundary
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4.) EEP Comment 
Page 11-12, Sections 8.1.1 and 8.2 – The discussion in Section 8.1.1 and 8.2 indicates 
that the existing and the proposed stream system base sediment transport on the ability to 
move sand and finer material.  Please address the effect, if any, the addition of pea gravel 
into the system will have on the streams ability to move bed load. 
 

 KCI Response 
 The gravel layer on the bed will serve as a stable substrate for the mechanism of the 

dune/anti-dune formation on top of the gravel.  It will also help protect the streambed 
from extreme flow conditions where all of the sand becomes suspended in the flow.  The 
gravel will not have any type of negative impact on the stream transport capacity.  

 
5.) EEP Comment 
 Page 11, Section 8.1.1 – Please provide clarification and explanation of why a B5c 

channel was selected within Reach 1. 
 

 KCI Response 
 Without a well-defined floodplain/terrace adjacent to the channel, a Priority III 

restoration of a B5c channel is the most appropriate design in this landscape setting.  A 
meandering channel with a large belt width could not be restored without excessive 
manipulation (changing the valley to a floodplain) to accommodate this form. 

 
6.) EEP Comment 
 The Restoration Plan states that the Hydrologic Success Criteria will be saturated soil 

conditions within 12 inches of the ground surface (continuously) for 5% of the growing 
season. This is the MINIMUM duration to be considered wetland by USACE, but does 
not necessarily demonstrate the site hydrology has been restored.  The Hydrologic 
Success Criteria should be based on the soil type and the proposed wetland type (Coastal 
Plain Small Stream Swamp), not the minimum needed to be considered wetland by 
USACE.  Please revise your Restoration Plan to address this issue. 
 

 KCI Response 
 The Hydrologic Success Criterion for the site is saturated soil conditions within 12 inches 

of the ground surface (continuously) for 5% of the growing season.  This is the criterion 
because this is the duration required by USACE.  There is a lack of published data on 
hydrologic requirements for wetlands by community type.  In the Third Approximation 
of the Classification of the Natural Communities of North Carolina (1990), Schafale and 
Weakley describe the hydrology of Coastal Plan Small Stream Swamp as “intermittently, 
temporarily, or seasonally flooded.”  This description does not convert to a quantifiable 
percentage of the growing season experiencing saturated soil conditions.  The description 
of the soils at the site, Roanoke loam series, is also vague on percentage of the growing 
season experiencing soil saturation.  The soil description describes the apparent high 
water table at a depth of 0-1.0 feet from the surface with the highest water table levels 
from November through May.  Each annual monitoring report will discuss the site 
conditions, especially the site hydrology, and evaluate whether or not the site’s objectives 
are being met.  This will provide a better assessment of how the site is progressing 
toward the desired community type.  Creating a quantifiable Hydrologic Success 
Criterion that is not based on documented scientific evidence would not be plausible 
given the limited evaluation period.  




