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Executive Summary

This restoration site contains an unnamed tributary to Pembroke Creek (UT Pembroke Creek) and has 
been selected for wetland and stream restoration by the North Carolina Department of the 
Environmental and Natural Resources Ecosystem Enhancement Program (NCDENR-EEP).  The 
purpose of this restoration project is to restore and enhance the headwater wetland/stream complex 
located hydrologically within the Pasquotank River Basin. 

The project site is approximately 3.5 miles west-northwest of Edenton, in Chowan County, North 
Carolina as depicted on Figure 1, Vicinity Map.  The project lies within USGS Hydrologic Unit Code   
03010205 120010 (USGS, 1974) and within NC DWQ Chowan River Subbasin 03-01-04 (NCDENR, 
2002).  For discussion and planning purposes the site has been divided in to three areas.  The first 
area, referred to as Area 1, is located north of the access road that bisects the site.  Area 2 begins at 
the access road and follows the valley south until a point approximately 1,000-feet below the road.  
Area three begins where Area 2 ends and continues to the end of the project site (Sheet 2).

The project goal for this restoration plan is to modify the channelized water feature, based on 
reference conditions, with the intent to restore its wetland functions to that of pre-disturbance 
conditions.  The design will be based on reference conditions, USACE guidance (USACE, 2005; 
USACE, 1987) and criteria that are developed during this project to achieve success.   

The primary project objective is to design a waterway through the wetland complex with the 
appropriate cross-section and slope as to provide function and meet the appropriate success criteria 
for the wetland.  Additional project objectives, such as ensuring hydraulic stability and establishing a 
native wetland plant community, are listed in Section 5.1 along with several other project objectives.   

Currently the site consists of farmland and wooded areas.  The total easement area for this project is 
59.4 acres of which 26.7 acres is wooded and will be designated for preservation with the remaining 
32.8 acres being used for agriculture.  Two channelized features exist on the site.  One drainage 
feature is located along the eastern edge of the easement and another more prominent feature begins 
at Wildcat Road in the north and continues southward to the end of the project area.  The part of the 
site north of the access road that bisects the site is extremely flat and reconnection of surface water to 
existing land surface in that area will be limited.   

The primary actions to restore the site will be reversal of drainage caused by the main ditch and the 
re-establishment of native vegetation.  Through these actions, approximately six (6) acres of wetland 
enhancement and 17 acres of wetland restoration is expected.  Approximately 4,488 feet of headwater 
wetland corridor will also be restored.   

In Area 1 the existing ditch will be filled and flow will be diverted to a natural valley on site.  Minor 
excavation will be necessary to divert water to the new location.  The new wetland valley will allow 
conveyance of runoff while providing a naturalized headwater wetland feature.  The construction of 
the valley feature will follow natural topographic relief.  The earthwork necessary to construct the 
headwater wetland valley will begin at approximate station 1+00.  At approximate station 11+00 it 
will connect to an existing valley feature and from that point and downstream, the restored headwater 
wetland valley will follow existing ground surface.  The access road will be modified to 
accommodate occasional flow over the road.  The small tributary located along the western portion of 
Area 1 will be slightly modified to promote sheet flow down the valley and across Area 1. 
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Area 2 will only need minor earthwork, pool/hummock creation, and conversion of the pond to a 
more naturalized wetland feature.  South of the access road, water table elevations are expected to be 
near the ground surface for the remainder of the project.  The creation of pool/hummock complexes 
throughout the site will be part of the final design plans. 

Area 3 is the location where the wetland valley feature must transition back to a drainage ditch.  In 
this area it is the goal to implement a naturalized transition over a distance of 50 to 100 feet.  This 
feature must be effective in making the elevation transition while also having a natural appearance 
fitting for the Coastal Plain setting.  A stabilized swale through the road will hydrologically connect 
the reference wetland to the natural valley.  This area will be designed to ensure that the existing 
roadway is not adversely impacted during storm events.  

Tables 1 through 20, within the text of this document, primarily apply to soils and vegetation and are 
referred to as “Tables”, while tables referenced in an attached appendix are referenced as “Exhibit 
Tables”. Exhibit Tables 1 through 8 present the project restoration structures and objectives, project 
restoration structure and objectives, drainage areas, land use of watershed, groundwater monitoring 
summary, crest gauge and rainfall summary, reference sites data summary, designed vegetative 
communities (by zone), and a restoration summary.  Figures 1 through 15 primarily depict site and 
reference wetland conditions, and also contain information regarding historical aerial photographs, 
and site specific flood maps.  Sheets 1 through 5 illustrate existing conditions, proposed site 
conditions, a longitudinal profile (cross-section view of the site), and designed vegetative 
communities.  

This report contains Appendices 1 through 13 which contain a multitude of information varying 
subjects.  Appendices 1 through 9 contain photographs and data forms for the site and the reference 
sites.  Appendices 10 through 13 contain gauge data and charts, the water budget for the site, a tile 
drain map of the site dated 1927, and a map showing former “prior converted” areas of the site. 

1.0   Project Site Identification and Location

1.1   Directions to Project Site 

The project site is approximately 3.5 miles west-northwest of Edenton in Chowan County, North 
Carolina as depicted on Figure 1, Vicinity Map.  The site is specifically located approximately 3 
miles west-northwest of the Route 17 Bypass and Route 32 Interchange (exit 227).  To reach the site 
from the Route 17 Bypass, take Route 32 north approximately 1.2 miles then turn left onto Wildcat 
Road.  Continue north on Wildcat Road for 1.8 miles.  Approximately 1,000 feet before reaching the 
end of Wildcat Road where in intersects Macedonia Road, UT Pembroke Creek and the site will be 
on the left (south) (Figure 2).

1.2   USGS Hydrologic Unit Code and NC DWQ River Basin  

The site lies within the USGS Hydrologic Unit Code 03010205 120010 (USGS, 1974), which falls 
hydrologically within the Pasquotank River Basin.  The NC DWQ River Subbasin for the project area 
is listed as the Chowan 03-01-04 (NCDENR, 2002).  
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2.0   Watershed Characterization

2.1   Drainage Area 

The drainage area for this project, measured at the downstream end where the cell tower access road 
crosses UT Pembroke Creek, is 0.4 square miles (265 acres).  The drainage area at the beginning of 
the project is 0.08 square miles (50 acres).   

The easement totals 59.42 acres and is broken into three easement areas.  Easement area 1 
encompasses 22.51 acres, beginning from the start of the restoration project extending south and west 
to the gravel access road.  Easement area 2 has 9.36 acres and extends from the gravel access road 
south and west into the field to project end.  Easement area 3 covers 27.55 acres, extending from the 
gravel access road south and east of the restoration site to project end, creating the largest easement 
area to ensure a buffer zone around restoration project.  The land use in the watershed of the project 
area is approximately 15% farmstead, 41% rowcrop, 1% surface water and 43% woods. 

2.2   Surface Water Classification 

The current State classification for Pembroke Creek (Stream Index # 26-1-1) from its source to 
Edenton Bay, is Class B and Nutrient Sensitive Waters (NSW) waters (NCDENR, 2005).  Class B 
waters are used primarily for recreation and have no restrictions on watershed development or types 
of discharges.  The NSW waters classification is intended for waters needing additional nutrient 
management due to their being subject to excessive growth of microscopic or macroscopic vegetation 
(NCDENR, 2006).

2.3   Physiography, Geology and Soils 

The site is located on the Edenton 7.5 Minute USGS Topographic Quadrangle Map. No blue line 
streams are shown on the site; however, an incomplete oval of a Carolina Bay is depicted near the 
southern end of the site and to the east of the planned project limits.  A small pond is depicted within 
the project limits. The site is located very near to the western boundary of the outer coastal plain of 
North Carolina. The site is underlain by Castle Hayne Limestone composed of middle Eocene 
sediments known as the Albemarle Embayment. 

The site has five primary soil mapping units. These units are the Cape Fear, Conetoe, Dragston, 
Portsmouth, Roanoke, and Tomotley. The Cape Fear, Portsmouth, Roanoke, and Tomotley are listed 
as hydric by the NRCS. The following are brief descriptions of all of the on-site soil mapping units 
(NRCS, 1986). 

Cape Fear (Cf)
Nearly level, very deep, very poorly drained soils are on broad flats and in slight depressions on 
marine and stream terraces. They formed in clayey marine and fluvial sediments. They have a loamy 
surface layer and a clayey subsoil. Permeability is slow and shrink-swell potential is moderate. 
Seasonal high water table is within a depth of 1-foot. These soils are subject to rare flooding. 
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Conetoe (CtB)
These nearly level to gently sloping, very deep, well drained soils are on uplands and stream terraces. 
They formed in loamy and sandy marine and fluvial deposits. The surface and subsurface layers are 
sandy and range from 20 to 40 inches thick. The subsoil is loamy. Permeability is moderately rapid 
and shrink-swell potential is low. Seasonal high water table is below 6 feet. 

Dragston (Ds)
These nearly level, very deep, somewhat poorly drained soils are on stream terraces and uplands. 
They formed in loamy marine or fluvial sediments. They have a sandy surface layer and a loamy 
subsoil. Permeability is moderately rapid and shrink-swell potential is low. Seasonal high water table 
is within a depth of 1 to 2.5 feet. 

Portsmouth (Pt)
These nearly level, very deep, very poorly drained soils are on broad flats and in slight depressions. 
They formed in loamy marine or fluvial sediments. They have a loamy surface layer and subsoil. 
These soils are underlain by sandy deposits at a depth of 40 inches or less. Permeability is moderate 
and shrink-swell potential is low. Seasonal high water table is within a depth of 1-foot. 

Roanoke (Ro)
These nearly level, very deep, poorly drained soils are on broad flats and in depressions on marine 
and stream terraces. They formed in clayey marine and fluvial sediments. They have a loamy surface 
layer and a clayey subsoil. Permeability is slow and shrink-swell potential is moderate. Seasonal high 
water table is within a depth of 1-foot. 

Tomotley (To)
These nearly level, very deep, poorly drained soils are on flats and in depressions on stream and 
marine terraces. They formed in loamy marine and fluvial sediments. They have a loamy surface 
layer and subsoil. Permeability is moderate and shrink-swell potential is low. Seasonal high water 
table is within a depth of 1 foot. 
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2.4   Historical Land Use and Development Trends 

Table 1. Historical Land Use and Development Trends 
(Observations based on aerial imagery)

Date Land Use and Development Observations 

1927 Extensive tile drain system installed on central portion of property 

1948 Agricultural production established and small complex of buildings on west border of property. 

1955 Land disturbance observed in sandpit area; new field on southern portion of site is established 
and contains residence and a road within the northern portion of site 

1969 Observed sandpit area appears to be grown over, disturbance extending west; newly cleared 
area on north edge of site 

1979 Ditch features clearly depicted on site; road network through site is evident 

1979-1988 Clearing of wooded lot below the southern portion of site; new direction in which the north to 
south ditch is depicted 

1998 Depicts site as current conditions 

2006 Verification of current site conditions 

Aerial imagery, documentation provided by the local Farm Service Agency (FSA), along with  
information provided by the property owner indicate that the subject site has been used extensively 
for agricultural purposes and also for sand mining.  A 1927 tile drain schematic (Appendix 12)
provided by the property owner depicts an extensive tile drain system that was planned and installed 
within the central portion of the property.  The historical aerial photograph from 1948 (Figure 8)
depicts the subject parcel in agricultural production.  In 1948 a small complex of buildings occupying 
an area approximately 200 feet by 300 feet wide is evident along the west border of the property 
where Chambers Ferry Road forks to the west from Macedonia Road.  A dark area in the current 
“pond” location on site is evident and extends from the cleared portion of the property into the 
wooded area, potentially indicating a “wet” or surface flow area.   

Between 1955 and 1979 minor conversion to agricultural use is evident along with substantial land 
disturbance in the area of the former sand pit, due east of the subject parcel.  By 1955 significant land 
disturbance can be observed in the area currently noted as sandpit area on the USGS map depicted on 
Figure 1.  The 1955 image also indicates a new field area on the southern portion of the site 
containing a new residence and road within the northern portion of the site.  By 1969, the sandpit area 
appears to be grown over, although the disturbance extends to the west, almost reaching the area that 
currently demarcates the edge of the hog lagoon.  The 1969 photo also shows a newly cleared area on 
the north edge of the site. The 1979 image clearly depicts the ditched feature that begins at the current 
project start location and continues south until it reaches the end of the project boundary.  This ditch 
feature is currently evident on site although it terminates near the buildings in the lagoon area.  A road 
network is also evident the 1979 photo.  The main differences between the 1979 photograph and the 
1998 photograph are the clearing of the wooded area below the southern part of the site and the new 
direction in which the north-to-south ditch is depicted. The 1998 photo generally depicts the site in 
the same condition as it is today, which can be verified by the March 24, 2006 aerial photograph.   
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Several distinct conclusions can be drawn from analysis of the photographs and the information 
regarding historic land use.  The 1927 tile drain schematic provided by the property owner and 
developed by the North Carolina Cooperative Extension Service indicates that circa 1927 the land 
was drained for the purposes of agriculture.  The FSA information reviewed by NSE indicated that 
the majority of the site was designated as prior converted (PC) cropland.  According to FSA records 
the PC call was made on June 12, 1990 (Form SCS CPA 026) farm serial number 1299 tract 204.  
The PC map is presented in Appendix 13.  Aerial photographs dating from 1948 until today indicate 
that the site has been used for agricultural purposes for at least the past 59 years, although it has likely 
been closer to 80 years.  Two variations of a linear north-to-south ditch feature have been 
implemented at the site.  All of the facts presented in Section 2.4 support the notion that the 
groundwater, vegetation, surface drainage, and potentially soil parameters have been modified.  Soil 
structure and surface texture have been altered from intensive agricultural operations.  Although most 
on-site soil series are classified as poorly drained, the ditching and lowering if the groundwater table 
on-site has caused these soils to be effectively drained. 

2.5   Endangered / Threatened Species 

A search was conducted on March 30, 2006 of the North Carolina Natural Heritage Program data for 
Chowan County, NC. This search produced a list of plant and animal species with various federal and 
state statuses. Upon further review, it was determined that only one of the species listed for Chowan 
County was listed as either federally endangered or threatened. That species is Haliaeetus
leucocephalus or commonly known as the bald eagle (US Fish and Wildlife Service, 2006).   

A description of the bald eagle and its habitat provides background information that aids in the 
understanding of the review process that was conducted.  The bald eagle is a sea or fish eagle that has 
re-established breeding territories in each of the lower 48 states except Vermont. The bald eagle 
breeds in forested areas near large bodies of water and it winters in coastal areas, along large rivers 
and large unfrozen lakes. The bald eagle is an opportunistic feeder that will feed upon large birds, 
mammals, carrion, and fish. Adults weigh 8 to 14 pounds and have wingspans of 5½ to 8 feet with the 
female being larger than the males. Bald eagles typically build large nests in mature, old-growth trees 
or snags. There has been noted increases in the use of power poles and communication towers to 
build nests. The trees selected for nesting are usually very tall and strong as the nests can weigh more 
than 1,000 pounds. The nests usually include a perch with a clear view of the water.

The project site was reviewed using GIS data and field observations to determine the presence or 
likely presence of the bald eagle on or near to the site. This review was conducted to determine if 
project activities might significantly disturb the bald eagle. GIS data was reviewed and it was 
determined that the site is more than one mile away from the nearest large body of water. Some ponds 
are closer to the site, but they are all less than 30 acres in size. The most recent North Carolina 
Natural Heritage Program’s Natural Heritage Element Occurrence (NHEO), updated March 2006, 
dataset was also reviewed within the GIS. That data shows no element occurrences on or near to the 
site.

Although large water bodies are far from the site, a site reconnaissance was conducted to determine if 
other aspects of likely habitat exist. The site is mostly open farm fields that are actively farmed. The 
ditch network has relatively young trees growing along them. A cellular telephone tower exists near 
the site. A visual observation was made of the surrounding trees and communications towers and no 
obvious nests of raptor size were observed. The landowner stated that some older trees had been on 
the site, but they were destroyed in a hurricane a few years ago. 
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Therefore, it is concluded that no major elements for bald eagle habitat exist on the site and no 
evidence of bald eagles has been found. It is the professional opinion that this project will have no 
effect on Haliaeetus leucocephalus, bald eagle. 

2.6   Cultural Resources 

2.6.1   Site Evaluation Methodology

The categorical exclusion document was followed in order to address any cultural resource issues. 
The site is not located in a county claimed as “territory” by the Eastern Band of Cherokee Indians. 
The site is not federal or Indian lands and thus compliance is reached for the Antiquities Act, 
Archaeological Resources Protection Act, and the Indian Sacred Sites Executive Order 13007. The 
National Register of Historic Places was searched and no sites were identified near the site.  

2.6.2   Field Evaluation

The project site is primarily made up of actively farmed agricultural fields. The project area was 
plowed approximately one week before a site visit. The project site was reviewed in five transects. 
Three soil borings were conducted along each transect to a depth of one (1) meter. The upper 12 
inches of soil indicated typical alterations due to plowing and farming activities. No other indications 
of disturbance were noted. 

2.6.2.1   Potential for Historic Architectural resources 

The site has no buildings within the proposed easement and project area. Additionally, the project site 
does not contain any known historic trails. Based on the information collected to date, the likelihood 
of historic architectural resources within the project area is low. 

2.6.2.2   Potential for Archaeological resources 

The project site is almost entirely made up of an active farm field. The field was plowed one week 
before a site visit. No evidence of archaeological artifacts was observed. Additionally, the site is 
located more than one (1) mile from the Chowan River and is composed of relic hydric soils. These 
soils were drained in the early 1900’s for agricultural purposes. There is no locally high spot that 
would have provided dry land for use in the past. It is unlikely that the project site would have been 
suitable for inhabitation prior to being drained for agricultural purposes.  There is a small Carolina 
Bay shown on the USGS topographic map (Figure 1) that is almost entirely off of the project site.  
This Carolina Bay is very small and would probably not have offered enough resources for habitation.

2.6.3   SHPO/THPO Concurrence

A letter and maps of the project were submitted to the State Historic Preservation Office (SHPO) for 
review and comment on March 21, 2006.  A SHPO response letter was received on April 21, 2006 
stating that no registered historic properties were within the project area.  SHPO, however, also 
requested additional investigation in the southern area of the project that lies at the edge of a former 
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Carolina Bay, which is depicted on Figure 1.  A follow-up meeting with the Office of State 
Archaeology (OSA) Chowan County representative on May 3, 2006 produced a resolution for the 
concerns expressed by SHPO.  During this meeting NSE, presented additional detailed project 
information that allowed OSA to rescind the comments regarding the need for additional 
investigation.  NSE sent a letter to SHPO on May 9, 2006 documenting the results of the meeting.  On 
May 26, 2006 NSE received a letter from SHPO that recommended clearance for this project in terms 
of cultural resources.

2.7   Potential Constraints 

2.7.1   Property Ownership and Boundary

This project will affect the following parcels. The main project parcel is the Carlton Perry property 
owned solely by Carlton N. Perry and wife, Alice W. Perry.  A 30 foot access easement is held by 
United States Cellular Corp. for the purpose of access to a cellular communications tower located on 
the adjacent parcel to the south, also owned by Carlton N. Perry and wife, Alice W. Perry. 

2.7.2   Site Access

The access easement follows the existing entry road from NCSR 1200 Macedonia Road.  There is 
adequate primary access to the site via a 20 foot wide gravel entry road from Macedonia Road.  A 
low grade access exists via a turnout on to NCSR 1208 Wildcat Road from a field on the northern 
boundary of the property.  A secondary gated access road also exists along Wildcat Road.  This road 
allows access to the eastern boundary of the main project parcel; however, this road crosses over an 
adjacent parcel owned by Mr. Carlton Perry.  

2.7.3   Utilities and Easement

The following utilities were found to exist on or near the Carlton Perry parcel located in the vicinity 
of the intersection of NCSR 1208 Wildcat Road and NCSR 1200 Macedonia Road.  The utilities were 
identified by surface observation, local research, and contact with the current property owner.  Local 
power exists on the property via overhead service lines.  These service lines follow the northern and 
western boundary of the parcel and enter the property along the northern side of an existing gravel 
access road from Macedonia Road.  Water exists on the property via a two (2) inch service line that 
extends from the main distribution line along Macedonia Road.  This service line enters the property 
coincident with the centerline of the existing gravel entry road and terminates at the existing farm 
structures.  No sewer lines are in existence.  Underground telephone cable extends from Macedonia 
Road along the gravel entry road’s southern side and then follows an existing 30 foot access easement 
south to a cell tower easement on the adjacent parcel.  The telephone cable is located within the 
access easement, under the access road.  Electricity for the cell tower enters the property via an 
underground cable along an existing ditch that extends from Macedonia Road to the project terminus.  
This cable lies outside the proposed easement area although it parallels the southernmost end of the 
easement boundary for approximately 300 feet.  
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2.7.4   Hydrologic Trespass

Hydrologic trespass is one of the most significant design constraints for this site.   The area where 
hydrologic trespass is of greatest concern is the beginning of the project area where a 24-inch 
reinforced concrete pipe culvert conveys the project stream under Wildcat Road.  There are two 
concerns at this location.  The first concern is increasing the water elevations at the upstream 
property.  The second concern is increasing the water elevations at the road, which could cause the 
roadway to flood on a more frequent basis.  There are home sites adjacent to the project area, 
although flooding is not expected to be an issue even though the water table may be raised slightly as 
part of this project.  Hydrologic trespass concerns after the beginning of the project site are minor and 
are not expected to adversely affect the restoration design. 

The part of the site north of the former hog lagoon access road is extremely flat and reconnection of 
surface water to existing land surface will be limited.  The invert of the pipe carrying the unnamed 
tributary to Pembroke Creek has an elevation of 17.1 feet and the water surface elevation measured at 
the culvert was 18.0 feet.  All elevation references are based on North American Datum 83 (NAD83) 
using GRS 80 ellipsoid.  The edge of pavement in the location of the culvert has an elevation of 21.2 
feet.  Following the natural valley of the site from the beginning of the project and continuing 
southwest for approximately 600 feet, ground surface elevation is typically 20 feet ± 1 foot.   The 
remaining 200 before the access road has an elevation of that ranges between 18 to 17 feet.  To avoid 
permanent hydrologic trespass upstream of the project and across Wildcat Road (SR 1208), the design 
invert elevation for any headwater wetland swale feature must be set at an elevation no higher than 
18.0 feet.  This will re-establish the connection between groundwater and surface water flow while 
not increasing base water surface elevation upstream of Wildcat Road.  See Section 5.3 for more 
information regarding the hydrologic and hydraulic analysis. 

3.0   Project Site Wetlands and Streams (existing conditions)

The restoration site is located within an active farm operation. The farm is currently planted with 
soybeans. Two drainage ditches exist within the project area one running along the west edge of the 
restoration site and the other running near to the middle and eastern edge of the restoration area. The 
western ditch flows into the eastern ditch toward the lower third of the project area. Before flowing 
into the eastern ditch, the western ditch flows into and out of a small, minimally wooded pond. The 
flow path of both ditches is generally in a north to south direction. A one lane dirt access road enters 
the project area from the west and approximately bisects the project area in half. The access road then 
splits with one fork exiting the project area to the east and the other forking to the south and 
paralleling the eastern ditch all the way to the southern terminus of the project area. The southern 
access road eventually leads to an active cell tower that is on the same farm, but outside of the project 
limits. During site visits, ongoing farm activities were observed and they included plowing, planting, 
spraying herbicide and some ditch maintenance. 

3.1   Jurisdictional Wetlands 

The restoration site was evaluated for jurisdictional wetlands. This evaluation was conducted based 
on the United States Army Corps of Engineers Wetland Delineation Manual 1987. In general, the 
investigator assessed the restoration site to determine those areas which currently met the three 
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criteria listed in the delineation manual for wetland hydrology, hydric soils, and hydrophytic 
vegetation (USACE 1987). 

The wetlands within the restoration area are isolated onto two drainages on the site which primarily 
exist along the western and eastern boundaries of the site and drain from north to south.  The western 
drain flows through a small pond near the middle of the site before entering the eastern drainage.
Excluding the small pond, the jurisdictional wetlands within the restoration and enhancement areas 
are isolated to linear ditch features. See Figure 6 for a map of the jurisdictional wetlands. 

3.2   Hydrological Characterization 

3.2.1   Preliminary Groundwater Characterization

Collection of groundwater elevation data at the site began in April of 2006 to enable the evaluation of 
pre- and post-project site conditions.  The data collected during this initial period represents site 
conditions from April 13, 2006 to June 20, 2006.  Recorded precipitation amounts during the initial 
monitoring period were 3.24 inches and 9.51 inches for May and June, respectively.  The typical 
average rainfall for in Edenton is 4.22 inches for May and 4.48 inches for June.  Therefore, 2006 May 
rainfall was below average while 2006 June rainfall was well above average.

The preliminary groundwater well results located in Exhibit Table 4 and Appendix 10 illustrate the 
affect of the precipitation that occurred during May and June 2006.  Long term data collection of pre- 
and post-project site conditions will assist in evaluating the groundwater at the site. 

3.2.2   Surface Water Investigation

The wetland restoration site is separated into western and eastern drains which join together as 
discussed above in the Jurisdictional Wetland section. The eastern drain enters through a culvert 
under Wildcat Road and flow is contained in a man-made ditch throughout the entire restoration site. 
The eastern drain flows through two other culverts where an on-site access road crosses the ditch. 
One culvert is located near the middle of the project area and the other crossing is located at the very 
end of the project area. The western drainage begins as overland flow within the project area and 
gradually grades into a man-made ditch. This ditch then flows through a culvert under the access road 
which crosses through the middle of the site. The western ditch then flows into a small pond. The 
ditch exits the pond and then flows through a culvert and enters into the eastern drainage ditch. 

Additionally, a wetland area exists to the east of the site and contains the project’s Reference Wetland 
1. This wetland area is depicted as a Carolina Bay on the USGS map with an open end to the west. 
This opening to the west, located approximately 300 feet before the end of the project area, provides 
surface flow into the main channel within the project area.  The observed surface water slowly 
migrates toward the main channel through a series of shallow depressions.  Since this area has not 
been ditched, it flows at much higher levels. It empties into the sites eastern drainage ditch by 
concentrating flow over a very short distance and spills down to the level of the drainage ditch. The 
restoration project will seek to keep this existing flow at its current elevations and bring the rest of 
this lower portion of the site to similar levels.  Two flood events were recorded at the site and are 
depicted in Figure 15.
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3.2.3   Water Budget for Restoration Site

A water budget was developed for the project to assess the viability of establishing wetland hydrology 
in the site area. The water budget was based upon methods given in Planning Hydrology for 
Constructed Wetlands (Pierce, 1993) and the Engineering Field Handbook (USDA, 1997). 
Calculation of the water budget requires knowledge of hydrologic inputs and outputs as well as 
approximate site dimensions and characteristics of the soils present. The water budget results verify 
that there is an ample amount of water to meet proposed wetland hydrology criteria for the majority 
of the site.  Calculations indicate excess water when inputs were compared to outputs ( S/ t = 
1,791,046 ft3).  It was assumed that stormwater inflow/runoff was zero and that channel base flow in 
and out of the site was zero.  Even with these extremely conservative assumptions, calculations 
indicated excess water at the site.  The water budget is located in Appendix 11.

South of the access road, wetland hydrology can be easily achieved based on site observations.  North 
of the access road the sight is constrained by NCSR 1208, Wildcat road.  NCSR 1208 at that location 
has an elevation of 21.2 feet.  This constraint limits how high the water table can be raised because of 
the possibility of flooding the road during a high water event.  Additional analysis of the site 
monitoring data, incoming water flow, stormwater runoff, surface flow, and rainfall data is necessary 
to determine whether or not this section of land will have a water table close enough to the surface to 
support a wetland. 

3.3   Soil Characterization 

3.3.1   Taxonomic Classification (including series)

The restoration site was investigated to determine the soil types on the site as well as the hydric 
nature of those soils. More than 40 soil borings were conducted during the soil mapping process 
(NRCS, 1986).  Five (5) soil series were found to exist within the restoration area. These soils are as 
follows:

Cape Fear  fine, mixed, semiactive, thermic Typic Umbraquults 
Dragston  coarse, loamy, mixed, semiactive, thermic Aeric Endoaquults 
Portsmouth  fine-loamy over sandy, mixed, semiactive, thermic Typic Umbraquults 
Roanoke  fine, mixed, semiactive, thermic Typic Endoaquults 
Tomotley  fine-loamy, mixed, semiactive, thermic Typic Endoaquults 

3.3.2   Profile Description

Based on the numerous soil borings completed throughout the site, the following profile descriptions 
are provided that typify the five (5) soil series found within the restoration area. Dragston is the only 
soil that is not a hydric soil. The soil survey shows a large portion of the restoration site to be 
Dragston, but the on-site soil investigation found that Dragston only makes up very small areas of the 
site and the rest of the site’s soils are hydric. 
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Table 3. Dragston Soil Series 

Soil 
Horizon Depth Description 

Ap 0-6
inches 

Yellowish brown (10YR 5/4) sandy loam, weak fine subangular blocky structure, friable, few fine 
roots, common fine pores. 

Bt1 6-12
inches 

Yellowish brown (10YR 5/6) sandy loam, weak fine subangular blocky structure, friable, slightly 
sticky, common fine pores. 

Bt2 12-20
inches 

Yellowish brown (10YR 5/6) sandy clay loam, weak subangular blocky structure, friable, slightly 
sticky, common medium distinct brownish yellow (10YR 6/8) soft iron masses. 

Bt3 20-26
inches 

Light yellowish brown (2.5 YR 6/3) sandy clay loam, weak medium subangular blocky structure, 
friable, slightly sticky, many coarse prominent yellowish brown (10YR 5/8) soft iron masses. 

BCg 26-32
inches 

Grayish brown (10YR 5/2) sandy loam, weak fine subangular blocky structure, friable, nonstick, 
nonplastic, many coarse distinct yellowish brown (10YR 5/6) soft iron masses. 

C 32-42+
inches Light yellowish brown (2.5YR 6/4) sand, single grain, common subround quartz gravel. 

Table 4. Portsmouth Soil Series 

Soil 
Horizon Depth Description 

Ap 0 to 9 
inches

Dark gray (10YR 3/1) sandy loam, weak medium granular structure, friable, few fine medium 
roots.

A 9 to 30 
inches Black (10YR 2/1) sandy loam, weak medium granular structure, friable, few fine medium roots.

Eg 30 to 38 
inches

Very dark brown (10YR 2/2) sandy loam, weak medium granular structure, friable, few 
medium faint dark reddish brown (2.5YR 2.5/4) soft iron masses.

Btg 38 to 46 
inches

Gray (10YR 5/1) sandy cay loam with pockets of sandy loam, weak medium subangular blocky 
structure, friable, slightly sticky, slightly plastic, common fine pores, few medium faint 
yellowish brown (10YR 5/6) soft iron masses.

BCg 46 to 50 
inches

Brown (10YR 5/2) loamy sand, weak medium subangular blocky structure, very friable, 
nonsticky, nonplastic, many medium prominent yellowish brown (10YR 5/8) soft iron masses

Cg 50 to 56+ 
inches Gray (10YR 6/1) sand, single grained, loose.

Table 2. Cape Fear Soil Series 

Soil 
Horizon Depth Description 

Ap 0-5 inches 10YR 3/1 sandy loam, medium granular structure, friable, common roots, common clean sand 
grains, common medium faint 2.5 YR 3/6 soft iron masses. 

Btg1 5-17
inches 

10YR 5/1 sandy clay loam, weak subangular blocky structure, firm , slightly sticky, slightly 
plastic, common fine roots, many medium prominent 2.5YR 3/6 
soft iron masses. 

Btg2 17-36
inches 

10YR 5/1 clay, medium subangular blocky structure, very firm, moderately sticky, moderately 
plastic, may prominent 10 YR 5/8 and 2.5YR 3/6 soft iron masses. 

Btg3 36-46
inches 

10YR 5/1 clay, medium angular blocky structure, very firm, moderately sticky, moderately 
plastic, many prominent 10 YR 5/8 and 2.5YR 3/6 soft iron masses. 

BCg 46-53
inches 

10YR 5/2 sandy clay loam, weak medium subangluar blocky structure, friable, slightly sticky, 
slightly plastic, common prominent 10 YR 5/8 soft iron masses. 

Cg 53-57
inches 10YR 6/2 sand, single grained, loose. 
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Table 5. Roanoke Soil Series 

Soil 
Horizon Depth Description 

Ap 0 to 7 
inches 

Dark gray (10YR 3/1) sandy loam, weak fine granular structure, friable, slightly sticky, slightly 
plastic, common fine roots, few fine distinct red (2.5YR 4/6) soft iron masses. 

Btg1 7 to 10 
inches 

Dark gray (10YR 4/1) sandy clay loam, moderate medium subangular blocky structure, friable, 
slightly sticky, slightly plastic, few fine roots, common medium prominent yellowish brown 
(10YR 5/6) soft iron masses. 

Btg2 10 to 17 
inches 

Dark gray (10YR 4/1) clay, moderate medium angular blocky structure, firm, moderately 
sticky, moderately plastic, few medium roots, common coarse distinct yellowish brown (10YR 
5/6) soft iron masses. 

Btg3 17 to 47 
inches 

Gray (10YR 5/1) clay, weak medium subangular blocky structure, firm, moderately sticky, 
moderately plastic, few medium roots, common medium prominent brownish yellow (10YR 
6/6) soft iron masses. 

Cg 47 to 58+ 
inches 

Light gray (10YR 7/1) sandy clay, massive, common coarse distinct light greenish gray (10Y 
7/1) soft iron depletions, common medium prominent brownish yellow (10YR 6/6) soft iron 
masses. 

Table 6. Tomotley Soil Series 

Soil 
Horizon Depth Description 

Ap 0 to 6 
inches 

Grayish brown (10YR 4/2) sandy loam, weak fine subangular blocky structure, friable, few 
fine roots, common fine pores. 

Btg1 6 to 12 
inches 

Gray (10YR 5/1) sandy loam, weak fine subangular blocky structure, friable, slightly sticky, 
common fine pores, few medium distinct yellowish brown (10YR 5/6) soft iron masses. 

Btg2 12 to 26 
inches 

Dark gray (10YR 4/1) sandy clay loam, weak medium subangular blocky structure, friable, 
slightly sticky, slightly plastic, common medium distinct brownish yellow (10YR 6/8) soft 
iron masses. 

BCg 26 to 32 
inches 

Gray (10YR 6/1) sandy loam, weak fine subangular blocky structure, friable, nonsticky, 
nonplastic, many coarse distinct yellowish brown (10YR 5/6) soft iron masses. 

Cg 32 to 42 + 
inches 

Gray (10YR 6/1) sand, single grain, commn medium prominent yellowish brown (10YR 5/6) 
soft iron masses. 

3.4   Plant Community Characterization 

The restoration site primarily consists as an active farm field. It is currently being grown in soybeans. 
Some trees do exist along the eastern drainage ditch. There is also an area along the eastern drainage 
area near the northern most extents of the project that was clearcut after Hurricane Isabelle (2003). 
This area is a very thick early successional shrub area. Some small trees also exist around the small 
on-site pond. The plant lists below indicate the plants found in these areas. Even though no woody 
material is growing along the western drainage area, a plant list was developed for general interest 
purposes as well as for invasive species issues. 
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Table 7. Eastern Drainage Area north 
end of Project Area 

Table 8. Eastern Drainage Area 
south end of Project Area 

Community Type – Disturbed 
Woody

Community Type – Disturbed 
Woody

Acer rubrum frequent  Acer rubrum occasional 
Arundinaria gigantea frequent  Alnus serrulata occasional 
Baccharis halimifolia occasional  Lonicera japonica common 
Juncus spp. occasional  Rubus spp. occasional 
Liquidambar styraciflua frequent  Salix nigra common 
Lonicera japonica frequent  Sambucus canadensis occasional 
Nyssa biflora occasional  Saururus cernuss pools only 
Pinus taeda dominant  Solidago spp. common 
Toxicodendron radicans occasional    
Ligustrum sinense occasional    
Quercus nigra occasional    
Quercus phellos frequent    
Rhus copallina occasional    
Rubus spp. occasional    
Salix nigra frequent    
Sambucus canadensis occasional    

Table 9. Western Drainage Area Table 10. Small Pond 

Community Type – Disturbed Herbaceous Community Type – Disturbed Mixed
Juncus spp. occasional  Baccharis halimifolia occasional 
Myriophyllum aquaticum dominant  Hydrocotyle spp. frequent 
Typha latifolia frequent  Juncus spp. frequent 
Amaranth spp. frequent  Lonicera japonica frequent 
Ranunculus spp. frequent  Microstegium vimineum present 

   Rubus spp. occasional 
   Saccharum giganteum frequent 
   Salix nigra frequent 
   Sambucus canadensis occasional 
   Solidago spp. frequent 
   Typha latifolia frequent 
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4.0   Reference Wetlands

4.1   Target Reference Conditions 

The site is currently under cultivation. There are drainage ditches and underdrains throughout the site. 
There was little evidence of the historical wetlands that would have existed on the site. Therefore, 
physical parameters of the site were used as well as other reference materials to ascertain the target 
wetland types. In essence, an iterative process was used to develop the final information for the site 
design.

To develop the target reference conditions, site physical parameters were reviewed. This included 
inlet watershed size, outlet watershed size, soil mapping units from the Chowan/Perquimans Soil 
Survey for the watershed and site, as well as general topography. The “Classification of the Natural 
Communities of North Carolina” was also used to narrow the potential community types that would 
have existed at the site(Schafale Weakley 2003). 

Targeted reference conditions included the following: 

Located within the Physiographic Region - Outer Coastal Plain (OCP)  
Minimal hydrologic alteration (H) 
Jurisdictional Wetland Status (JD) 
Watershed size between 30 and 300 acres (with the three sites spanning the range) (W) 
Climax Community – Small Stream Swamp or Non-Riverine Wet Hardwood Forest (C) 
Similar watershed soil types (WS) 
Similar site soil types (SS) 
Minimal impervious surfaces within watershed (I) 
Similar topography (T) 
Minimal presence of invasive species (Inv) 

4.2   Reference Site Search Methodology

All of the parameters listed in Section 4.1 were used to find appropriate reference wetland sites. 
Obtaining property owner information and owner authorization for access was another factor in 
locating suitable references sites for the project.  For this project, a total of three (3) reference 
wetlands were desired. At the outset of the project, the first reference wetland was already discovered 
and approved through the Ecosystem Enhancement Program. This first reference wetland is located to 
the east of the restoration area and on the same farm property. This site was partially used to aid in 
establishing parameters for finding the other two (2) reference wetlands. 

A GIS based search was initially conducted for the identification of reference wetland sites in the 
outer coastal plain. The GIS process was first based on an automated procedure which included the 
overlay of CAMA wetland data, Chowan Soil Data, NCGAP data, and public land. No eligible sites 
were found on public land. After potential sites were identified, sites near the project area were 
manually reviewed using other available GIS data such as aerial photography and topography. Once 
sites were identified, some were visited that could be easily viewed from public roads.  Neither 
Chowan County nor Edenton have GIS based parcel data; therefore, candidate reference site 
information was acquired at the Chowan County Tax office and Register of Deeds office.  
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In 2003, Hurricane Isabelle hit Chowan County and caused widespread damage. This storm knocked 
down many trees. Even more trees were taken down as the landowners undertook clearcut operations 
in an effort to clean up the downed trees.  Several potential reference sites identified during the 
reference site search suffered tree loss from Hurricane Isabelle and were subsequently clearcut.  
Ultimately two (2) reference wetlands were identified in addition to the one reference wetland on-site. 
The following table shows a general assessment of each reference wetland as they relate to the 
parameters laid out above. 

Table 11. Reference Wetland Compatibility Codes 

Wetland OCP H JD W C WS SS I T Inv 
Reference Wetland 1 Yes Minimal Yes Yes Mostly Some Some None Yes None 
Reference Wetland 2 Yes Minimal Yes Yes Mostly All No Little Yes None 
Reference Wetland 3 Yes Minimal Yes Yes Young All All Little Yes None 

4.3   Reference Site Parameters 

Wetland determination forms have been completed for each reference wetland and can be found in 
the appendix.  Each reference wetland has one form from within the wetland boundary and one 
prepared from outside of the wetland in the transition zone. 

4.3.1   Reference 1

4.3.1.1  Soils 

Soil borings were conducted within Reference Wetland 1. The wetland soils were found to be:  
Portsmouth – fine loamy over sandy, mixed, semiactive, thermic Typic Umbraquults 

Reference Wetland 1 can be seen in Figure 4.  The following is the typical soil description for 
Reference Wetland 1. 

Table 12. Reference Wetland 1 Soil Description   

Soil 
Horizon Depth Description 

A 0 to 6 
inches Black (10YR 2/1) loam, weak medium granular structure, friable, many fine medium roots. 

Eg 6 to 15 
inches Gray (10YR 6/1) sandy loam, weak medium granular structure, friable, few fine medium roots. 

Btg1 15 to 24 
inches 

Light gray (10YR 7/1) sandy loam, weak medium subangular blocky structure, friable, slightly 
sticky, slightly plastic, common fine pores, few medium faint brownish yellow (10YR 6/6) soft 
iron masses, common medium prominent red (2.5YR 4/6) soft iron masses. 

Btg2 24 to 34 
inches 

Light gray (10YR 5/1) sandy clay loam, moderate medium subangular blocky structure, friable, 
slightly sticky, slightly plastic, common fine pores, many medium distinct brownish yellow 
(10YR 6/6) soft iron masses. 

BCg 34 to 48 
inches 

Grayish brown (10YR 5/2) loamy sand, weak medium subangular blocky structure, very friable, 
nonsticky, nonplastic, many medium prominent yellowish brown (10YR 5/8) soft iron masses. 

Cg 48 to 56+ 
inches Gray (10YR 6/1) sand, single grained, loose 
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4.3.1.2   Vegetation 

Reference Wetland 1 was in fairly good condition for vegetation analysis. However, many trees had 
been knocked over from Hurricane Isabelle and the transition area had a fairly high number of pinus
taeda. The following table shows the community types and plant species list found at Reference 
Wetland 1. 

Table 13. Transect 1 – Wetland Table 14. Transect 1 - Wetland Edge 

Community Type - Non-Riverine Wet 
Hardwood Forest (Oak-Gum Slough Subtype

Community Type - Non-Riverine Wet 
Hardwood Forest (Transitional Disturbed)

Subcanopy Canopy (%) Subcanopy Canopy (%) 
Acer rubrum  5% Acer rubrum  5% 
Liquidambar styraciflua  5% Carya glabra  10% 
Liriodendron tulipifera  5% Cornus florida occasional  
Magnolia virginiana occasional  Liquidambar styraciflua  10% 
Nyssa biflora  50% Liriodendron tulipifera  25% 
Pinus taeda  5% Magnolia grandiflora occasional  
Quercus laurifolia  25% Pinus taeda  40% 
Quercus michauxii  5% Quercus alba  10% 
Ilex opaca occasional  Quercus nigra occasional  

   Vaccinium atrococcum occasional  
Prunus serotina occasional  
Ilex opaca occasional  

Table 15. Transect 2 - Wetland Area Table 16. Transect 2 - Wetland Edge 

Community Type - Non-Riverine Wet 
Hardwood Forest (Oak-Gum Slough Subtype)

Community Type - Non-Riverine Wet 
Hardwood Forest (Transitional Disturbed)

Subcanopy 
Canopy 
(%)    Subcanopy Canopy (%) 

Acer rubrum  25% Acer rubrum  15% 
Nyssa aquatica  20% Liriodendron tulipifera  15% 
Nyssa biflora  40% Magnolia virginiana occasional  
Pinus taeda  5% Nyssa biflora  10% 
Quercus laurifolia  10% Pinus taeda  40% 
Ilex opaca occasional  Quercus michauxii  10% 
Fraxinus caroliniana occasional  Quercus nigra  5% 

Quercus phellos  5% 
Ilex opaca occasional  
Fraxinus caroliniana occasional  
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4.3.1.3  Hydrology and Topography 

Several parameters were collected during the reference reach surveys to better understand the 
physical setting of the reference area and to integrate the collected parameters into the restoration 
design.  Reference Wetland cross sections are shown in Figure 5 and Table 6.  The drainage area for 
Reference Wetland 1 is 45 acres and significant ponded and flowing water was evident during the 
survey.   Average land slope down the wetland valley was 0.5% and water surface slope was 0.2%.  
The flat portion of Cross Section 1 was 143 feet long and 58% of the distance was wet or had 
standing water.  The flat portion of Cross Section 2 was 133 feet long and 76% of the distance was 
wet or standing water.  Reference Wetland 1 is located in a former Carolina Bay and a significant 
portion of its upstream watershed was a former sandpit (Figure 1).  Accordingly, a large portion of 
the watershed has the soil designation Udorthents (Figure 3) (USDA, 1986) indicating an area where 
natural soil has been altered.

4.3.2   Reference 2

Refer to Section 4.2 for information showing how Reference Wetland 2 compares to the restoration 
site.  Reference Wetland 2 is depicted on Figure 9.

4.3.2.1   Soils 

Soil borings were conducted within Reference Wetland 2. The wetland soils were found to be: 
Chowan fine-silty, mixed, active, nonacid, thermic Thapto-Histic Fluvaquents 

The following is the typical soil description for reference wetland 2. 

Table 17. Chowan Soil Series 

Soil 
Horizon Depth Description 

A 0 to 6 
inches 

Dark grayish brown (10YR 4/2) silt loam, weak granular structure, very friable, common 
medium distinct yellowish brown (10YR 5/6) soft iron masses. 

Cg1 6 to 36 
inches 

Gray (10YR 5/1) silty clay, friable, slightly sticky, slightly plastic, common medium distinct 
yellowish brown (10YR 5/6) soft iron masses. 

2Oa 36 to 55+ 
inches Black (10YR 2/1) sapric material, massive, very friable. 

The site soil series for Reference Wetland 2 is not one of the on-site soil series. NSE strived to 
achieve a 100% match for each reference wetland. However, this was not possible due to budget 
constraints, Hurricane Isabelle impacts, and landowner authorization problems. Even though the 
Chowan soil series is not on the project restoration site, it is located on the restoration sites drainage 
about 1,000 feet below the project limits. Therefore, the Chowan soil series is associated with the 
projects soil types.  Also, the Chowan soil series and the majority of the site soils have high clay 
contents in the B horizons and thus should perch water in a very similar manner. Also, the soils 
within the watershed of Reference Wetland 2 and the restoration site are very similar. This is even 



UT Pembroke Wetland and Stream Restoration • USGS HUC 03020105 
Restoration Plan • Chowan County, North Carolina • September 2006 

19

more important as this controls how water moves toward the site (deep groundwater, perched water, 
overland flow, surface flow). Reference Wetland 2 also has another very similar characteristic to the 
site in that it has an approximately 280 acre watershed which basically matches the bottom end of the 
project site.  Reference Wetland 2 has a similar watershed size, watershed land cover, and similar 
soils which made it an excellent candidate as a reference site.  These similarities allowed Reference 
Wetland 2 to be used to provide strong evidence as to whether the bottom end of the restoration site 
should have a defined stream channel or not. Reference Wetland 2 is very wet, but it does not have a 
defined stream channel. Therefore, this is reflected in the proposed restoration efforts as no defined 
stream channel is proposed. 

4.3.2.2   Vegetation 

The canopy of Reference Wetland 2 was impacted by Hurricane Isabelle. However, all of the plant 
species are still represented. They are just present at lower densities. Overall, reference wetland 2 
appeared to be very representative of the Coastal Plain Small Stream Swamp and the Mesic Mixed 
Hardwood Forest community type. 

Table 18. Wetland Area Table 19. Wetland Buffer Area 

Community Type - Coastal Plain Small 
Stream Swamp

Community Type - Mesic Mixed 
Hardwood Forest (Coastal Plain Subtype)

Plant Species Canopy (%) Plant Species Canopy (%) 
Liriodendron tulipifera 21% Fagus grandifolia 20%
Liquidambar styraciflua 12% Nyssa biflora 40%
Acer rubrum 15% Liriodendron tulipifera 30%
Carpinus caroliniana 21% Liquidambar styraciflua 10%
Quercus laurifolia 3%
Nyssa aquatica 9%
Nyssa biflora 12%
Fraxinus pennsylvanica 3%
Fraxinus caroliniana 3%
Diospyros virginiana 3% 

4.3.2.3   Hydrology and Topography 

Several parameters were collected during the reference reach surveys to better understand the 
physical setting of the reference area and to integrate the collected parameters into the restoration 
design.  Reference cross sections are shown in Figure 14 and Table 6.  The drainage area for 
Reference Wetland 2 was 279 acres and had the appearance of being slightly drier than Reference 
Wetland 3.  Average land and water surface slope down the wetland valley was 0.5%.  The flat 
portion of Cross Section 1 was 133 feet long and 53% of the distance was wet or had standing water.  
The flat portion of Cross Section 2 was 87 feet long and 28% of the distance was wet or standing 
water.  The drainage area for Reference 2 (279 acres) is similar to that of the site (254 acres) and the 
slope values for both sites are also similar; therefore, Reference 2 is considered an exceptional 
reference for the site. 
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4.3.3   Reference 3

4.3.3.1   Soils 

Soil borings were conducted within Reference Wetland 3. Reference Wetland 3 is depicted on Figure
9.  Refer to Section 4.2 for information showing how Reference Wetland 3 compares to the 
restoration site.  The wetland soils were found to be:  Roanoke - fine, mixed, semiactive, thermic 
Typic Endoaquults 

The following is the typical soil description for Reference Wetland 3. 

Table 20. Roanoke Series Soil 

Soil 
Horizon Depth Description 

Ap 0 to 3 
inches 

Grayish brown (10YR 3/2) loam, weak fine granular structure, friable, slightly sticky, slightly 
plastic, common fine roots. 

A 3 to 12 
inches 

Gray (10YR 6/1) loam, weak fine granular structure, friable, slightly sticky, slightly plastic, 
few fine roots, common medium prominent yellowish brown (10YR 5/6) soft iron masses. 

Btg1 12 to 30 
inches 

Gray (10YR 6/1) silty clay loam, moderate medium subangular blocky structure, firm, 
moderately sticky, moderately plastic, few medium roots, common coarse distinct yellowish 
brown (10YR 5/6) soft iron masses. 

Btg2 30 to 42 
inches 

Dark gray (10YR 3/1) sandy clay, weak medium subangular blocky structure, firm, moderately 
sticky, moderately plastic, few medium roots. 

Cg 42 to 48+ 
inches Gray (10YR 6/1) loamy sand, massive, loose. 

4.3.3.2   Vegetation 

Reference Wetland 3 is a younger forest than the other two reference wetland sites. This appears to 
have helped save the trees as they were more protected during Hurricane Isabelle. Even though it was 
younger, it still has an enclosed canopy and no real invasive species problems. 

Table 21. Wetland Area Table 22. Wetland Buffer Area 

Community Type – Non-Riverine 
Wet Hardwood Forest

Community Type - Mesic Mixed 
Hardwood Forest (Coastal Plain Subtype)

Plant Species Canopy (%) Plant Species Canopy (%) 
Acer rubrum 25% Carya glabra 5%
Carya glabra 5% Liriodendron tulipifera 20%
Liriodendron tulipifera 60% Liquidambar styraciflua 20%
Liquidambar styraciflua 5% Ulmus americana 20%
Ulmus americana 5% Querus pagoda 5%
Carpinus caroliniana 
(subcanopy) 80% Fagus grandifolia 30%
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4.3.3.3   Hydrology and Topography 

Several parameters were collected during the reference reach surveys to better understand the 
physical setting of the reference area and to integrate the collected parameters into the restoration 
design.  Reference cross sections are shown in Figure 14 and Table 6.  The drainage area for 
Reference Wetland 3 was 30 acres and had the appearance of being slightly drier than Reference 
Wetland 2 with no standing water.  Small channels were evident at the lower end of the reference (see 
Cross Section 3 Figure 14).  Average land surface slope down the wetland valley was 1.6%. 
Assuming flow in the observed channels, a range for valley width of 14 to 47 feet for this reference.  
This reference was considered to be applicable to the drier portions of the site.

5.0   Project Site Restoration Plan

5.1   Restoration Project Goals and Objectives 

The project goal for this restoration plan is to modify the channelized water feature, based on 
reference conditions, with the intent to restore its primary wetland functions such as nutrient cycling, 
flood storage, and providing wildlife habitat.  The ideal end product will be a self maintaining 
vegetated corridor containing a diversity of native plant and animal species.  The current base flow 
conditions will be managed to emulate reference conditions and to ensure that the necessary success 
criteria are met.  The design will be based on reference conditions, USACE guidance (USACE, 2005; 
USACE, 1987) and criteria that are developed during this project to achieve success.  Physical 
restoration and the return of the overall biological and water quality functionality will be 
accomplished by fulfilling the following objectives: 

Improve water quality downstream by allowing nutrients and sediment to settle and be 
processed in the wetland. 
Buffer flood flows downstream by increasing infiltration and storage areas. 
Design a waterway through the wetland complex with the appropriate cross-section, slope, 
and pattern as to provide function and meet the appropriate success criteria for the wetland.   
Collect and appropriately apply reference data to develop the design for the project site.  
Improve terrestrial and aquatic habitat diversity. 
Establish a contiguous buffer along the project that can serve as a migration corridor for local 
fauna.
Ensure hydraulic stability of the restored waterway through the use of natural materials (i.e., 
log sills) to create the desired hydrology within the project site as guided by reference data. 
Use natural materials and native vegetation into the proposed restoration design to the 
greatest extent possible. 
Establish a native forested riparian plant community within the non-wetland buffer area. 
Establish a headwater wetland community. 
Integrate the removal of exotic vegetation during construction implementation. 
Provide an aesthetically pleasing landscape. 
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5.1.1   Designed Channel Classification (narrative) and / or Wetland Type

The restored wetland will function similarly to a bottomland hardwood forest, but will consist of Non 
Riverine Wet Hardwood plant community, transitioning into a Coastal Plain Small Stream Swamp 
plant community, according to reference data. 

5.1.2   Target Wetland Communities / Buffer Communities

The wetland restoration will consist of two communities within the wetland area and one community 
in transition areas as well as on hummocks within the restoration area. The two communities that will 
be represented within the wetland area will be the Non-Riverine Wet Hardwood Forest (Oak-Gum 
Slough Subtype) and the Coastal Plain Small Stream Swamp. The community type on hummocks and 
transition areas will the Mesic Mixed Hardwood Forest (Coastal Plain Subtype). In general the project 
site will be restored as a bottomland hardwood wetland. Section 5.7 discusses the plant communities 
in greater detail. 

In addition to the restored areas, an area to the east of the restoration site will be preserved and left 
undisturbed. This area includes Reference Wetland 1. The preservation area has no significant 
invasive species issues. 

5.2   Hydrologic and Hydraulic Analysis 

Hydrologic and hydraulic analysis of the site was conducted to assist in restoration design and also to 
document pre-restoration site conditions.  As part of comprehensive pre-restoration monitoring two 
(2) crest gauges (Rantz et al., 1982) were installed at the site (Figure 2).  These gauges have a dowel 
inside that holds granulated cork at approximately one-foot intervals.  As flood levels rise, water 
enters the crest gauge which suspends the granulated cork within the cylinder.  As flood waters 
recede, an adherence ring is left on the dowel.  During manual inspection the distance between the top 
of the dowel and the adherence ring is subtracted from the known elevation of the top of the dowel to 
yield the maximum flood stage.  These gauges have been monitored on a regular basis and also 
correlated with rainfall events to thoroughly understand the effects of rainfall on the site with regard 
to flooding (Exhibit Table 5).

Two flood events are illustrated on Figure 15 which indicates that the site currently floods on a 
regular basis.  The storm event occurring on June 20, 2006 produced 2.23 inches of rain in six (6) 
hours which nearly equates to a 2-year return period storm (2-yr storm = 2.9 inches in 6 hours).  The 
resulting flood elevation at Crest Gauge 1, located at the ninety-degree bend in the existing channel 
near the start of the project indicated that flood water has reached a peak stage of 19.93 feet.  The 
existing edge of Wildcat Road at the culvert location is 21.5 feet.  Based on the information collected 
to date, it is likely that the roadway temporarily floods during significant rainfall events. 

Existing and proposed conditions were examined during the hydrologic analysis of the site.  
Preliminary contours of the wetland valley were created to determine the difference in storage volume 
between existing and proposed conditions.  Approximately 3,500 cubic yards of additional water 
storage will be created between the elevations 18 and 20 feet, assuming that all excess soil material 
not used to fill the existing ditch is placed outside of Area 1.   
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To restore wetland hydrology at the site, it will be necessary to remove the existing 24-inch culvert 
below the access road.  To convey stormwater during intense periods of rainfall, it is proposed that 
the existing access road be modified to also act as a stormwater conveyance device.  Two sections of 
the roadway, approximately 40 feet long and set at an elevation of approximately 18.0 feet, will 
provide adequate hydrology upstream, while also conveying stormwater at high flows.  Near the 
downstream end of the project two additional sections of roadway will be placed at a lower elevation 
to allow movement of surface water during intense precipitation events.  Sheet 2 illustrates the 
location of the proposed ford crossings along the access road and at the end of the project.  

5.3   Best Management Practices 

Due to the rural nature of this project, individual stormwater best management practices (BMPs) have 
not been required.  If the opportunity presents itself during detailed design, stormwater BMPs will be 
implemented.  Stormwater management issues from future development of adjacent properties will be 
governed by the applicable local and state ordinances and regulations.  It is recommended that any 
future stormwater entering the site maintain pre-development peak flow.  Any future stormwater 
diverted into the project area should be done in a manner as to prevent erosion, adverse conditions or 
degradation of the project in any way. 

A swine lagoon closure is being conducted approximately 500 feet east of the restoration project 
easement area.  This closure is expected to occur during the winter of 2006.  Water and sludge will be 
removed from the lagoon area and land applied in accordance with guidance provided by Natural
Resources Conservation Service (NRCS) and the North Carolina Division of Agriculture and 
Consumer Services, Agronomic Division. Crop application will be based upon the amount of nitrogen 
present in the sludge, soil types, and types of crops present for land application.   

5.4   Hydrologic Modifications (for wetland restoration or enhancement) 

5.4.1   Narrative of Modifications

This Restoration Plan for the UT Pembroke Creek site outlines a method for restoring the existing 
agricultural property into a natural headwater wetland feature.  The project goal for this restoration 
plan is to modify the channelized water feature, based on reference conditions, with the intent to 
restore its primary wetland functions such as nutrient cycling, flood storage, and providing wildlife 
habitat.  A pool and hummock complex will be restored at the site to disrupt flow and retain water on-
site to the greatest extent possible.  Native vegetation will be incorporated into the design using 
reference conditions as a guide.  A schematic of the design concept is presented on Sheet 2.

The Restoration Plan for the site will be described in two parts to simplify discussion.  The first 
portion of the site is extremely flat and begins where UT Pembroke Creek flows under Wildcat Road 
(SR 1208) and ends where the access road to the hog lagoon passes over UT Pembroke Creek.  The 
second portion of the site has minor relief and begins where the access road passes over UT 
Pembroke Creek and ends at the project terminus where the cell tower access road crosses UT 
Pembroke Creek.  

Near station 1+00 a wetland valley feature will be used to divert the existing flow from the main ditch 
onto the site.  The proposed wetland valley dimensions were based on reference data (Exhibit Table 
6) and yielded a bottom width of 10 feet and side slopes of 1:8.  The design invert was set at the 
measured water surface elevation of 18.0 feet.  As depicted on Sheet 3 the invert of the culvert under 
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Wildcat Road is 17.0 feet, and the top of the pipe has an elevation of 19.0 feet.  Setting the proposed 
wetland valley invert at 18.0 feet allows 2.5 feet of water storage above the design invert, before 
water extends onto Wildcat Road.  More importantly, the design elevation of 18.0 feet is based on 
measured water surface elevations therefore the project will not be creating a water surface increase 
for any upstream offsite properties or rights-of-way. 

Filling the main ditch feature north of the access road will require approximately 1,500 cubic yards of 
fill material.  The wetland valley will generate approximately 5,000 cubic yards of fill material.  
Placement of excess fill material outside of Area 1 or on areas above 21.0 feet within Area 1 will 
ensure that a net gain of water storage capacity is achieved. 

At station 11+00 the wetland valley will transition into the existing land surface.  Small channels, 
hummocky areas and pools will be created throughout the wetland area.  Reference cross-sections 
indicated that approximately 30 percent of the “flat” wetted width had standing water or pools; 
therefore, it will be specified that approximately 30% of the project area have standing water or pools.
Pool dimensions are based on reference data.  Material pushed aside to make pool areas will be used 
for the creation of hummocky areas. 

At station 40+00 to 50+00 the surface will be roughened and minor earthwork will occur to promote 
sheet flow.  Small channels (6” to 12” deep by 6” to 12” wide) will be created along the axis of Area 
1B and also perpendicular across the valley.  The conveyance of water across the valley will promote 
wetland hydrology near station 12+00 and possibly stations 11+00 and 10+00.  The existing access 
road will be modified to have a constant elevation with two low areas that will convey flow during 
large storm events.  The proposed elevation of these areas is 18.0 feet.  A Geoweb® or equivalent 
material will be used to construct the low areas in the road.

Downstream of the access road it is expected that the groundwater table will be at or near the surface. 
The existing pond will be integrated into the wetland design.  The two wetland valleys will continue 
south until they combine near main ditch station 24+00.  Once the two valleys combine, the easement 
area becomes narrow for the remainder of the project.  Two low areas in the road, similar in design to 
the areas along the access road, are proposed at the end of the project.  The first low area in the road 
will allow flow from Reference Area 1 into the project site.  The second low area will be higher than 
the first, but will convey large storm events. 

5.5   Soil Restoration 

5.5.1    Narrative & Soil Preparation and Amendment

As mentioned earlier, more than 40 soil borings were conducted on the restoration site.  All borings 
found that an acceptable topsoil layer exists throughout the site.  After construction activities, the 
subsoil will be scarified and any compaction will be deep tilled before the topsoil is placed back over 
the site.  Any topsoil that is removed during construction will be stockpiled and placed over the site 
during final soil preparation.  This process should provide favorable soil conditions for plant growth. 
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5.6   Natural Plant Community Restoration 

5.6.1   Narrative & Plant Community Restoration

The restoration of the plant communities is a very important aspect to the restoration of the site. Many 
sources of information have been used to determine the most appropriate species for this restoration 
project. The selection of plants has been based on the three (3) reference wetlands, the “Classification 
of the Natural Communities of North Carolina” Third & Fourth Approximations as well as the sites 
designed drainage characteristics. The three reference wetlands showed a mix of three community 
types. These are Coastal Plain Small Stream Swamp, nonriverine Wet Hardwood Forest (Oak-Gum 
Slough Subtype), and Mesic Mixed Hardwood Forest – Coastal Plain Subtype. The reference 
wetlands had drainage areas ranging from 30 acres to 280 acres which matches the range in drainage 
from the beginning to the end of the restoration site. These references showed nonriverine Wet 
Hardwood Forests to be higher up in the drainages with smaller watershed sizes. The references also 
showed Coastal Plain Small Stream Swamp to be lower and be associated with the larger watershed 
sizes. The Mesic Mixed Hardwood Forest was located on the fringes of the wetlands and on larger 
hummock areas. 

The Coastal Plain Small Stream Swamp was found in Reference Wetland 2 and it has a drainage area 
similar to the outlet of the project site. Therefore, Coastal Plain Small Stream Swamp was selected for 
the area below where the Reference Wetland 1 drainage flows into the eastern drainage area. This will 
provide the maximum drainage into the restored wetland and will be subject to more frequent 
flooding. The remaining hydric soil areas of the site will be nonriverine wet hardwood forest. This 
community type is represented by Reference Wetlands 1 and 3. Reference Wetland 1 has a larger 
drainage area and is more representative of the central portion of the project site where the eastern 
and western drainage areas are brought together just above the access road. Reference Wetland 3 has 
a very small drainage area and is most representative of the upper portions of the project site. 

The mesic mixed hardwood forest (coastal plain subtype) was commonly found on the non-hydric 
soils surrounding the reference wetlands. Therefore, the mesic mixed hardwood forest (coastal plain 
subtype) will be used for non-hydric soil areas within the project area as well as for a buffer around 
the site. 

Based on the information stated above as well as the plant species information from each reference 
wetland, the restoration site will be zoned into these three (3) plant communities. A specific plant 
species list has been developed based on these community types and can be found in Table 6. A 
schematic layout of where these three community types will be located is shown on Sheet 4.

The preservation area will not be disturbed. Based on the Reference Wetland 1 data, which is within 
the preservation area, the majority of the preservation area is nonriverine wet hardwood forest with 
some mesic mixed hardwood forest on higher locations.  The following lists the estimated acreage for 
each area: 

Table 23. Acreage for Vegetative 
Communities

Community Acreage 
Non-Riverine Wet Hardwood Forest 27.5 
Coastal Plain Small Stream Swamp 1.5 
Mesic Mixed Hardwood Forest 4 
Preservation Area 26 
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5.6.2   On-site Invasive Species Management

Some invasive species have been noted on the site. These include Lonicera japonica, Microstegium
vimineum, Ligustrum sinense, and Myriophyllum aquaticum. These species are currently isolated 
along or within the drainage ditches themselves. The farm fields are currently grown in soybean and 
are actively controlled for weeds by the use of herbicide. The movement of the topsoil will also stir 
up weed seeds. However, some weeds will be inhibited due to the increased water tables on the site. It 
will be important during monitoring site visits to check for any significant encroachment of invasive 
species and to develop a plan of action to control any such problem. 

6.0   Performance Criteria

6.1   Wetlands 

Headwater wetland systems have a variable water table.  The restored wetland will function similarly 
to a bottomland hardwood forest (USACE, 2005), but will consist of a Non Riverine Wet Hardwood 
plant community, transitioning into a Coastal Plain Small Stream Swamp plant community, according 
to reference data.  Plant community selection was based on the reference data (Section 4.0).
Therefore, the wetlands restored on this project site shall target establishing water tables near or at the 
surface. More specifically, the water table shall be within 12 inches of the soil surface continuously 
for greater than 5% of the growing season under normal rainfall conditions (USACE, 1987). The 
water tables will be monitored by using two automated groundwater gauges located on the site.  
Performance criteria may be defined more specifically based on long term reference data (USACE, 
2002).   

 6.2   Vegetation 

The restoration site will be planted with species appropriate for the three targeted community types on 
the site. For each community, the vegetation will be monitored on an annual basis to determine 
survival. This monitoring process will be conducted in an effort to show the survival of a diverse 
target community such that the restored site has survival at a density of 320 stems/acre after three 
years. This data will be monitored using sample plots (USACE, 2003) and in accordance with the 
most recent version of the EEP document entitled “Content, Format, and Data Requirements for EEP 
Monitoring Reports”.   

  6.3   Flow Features 

Two swales crossing the access road will be installed to promote wetland hydrology; one in the 
vicinity of  station 18+00 and the other near station 33+00.  The swale will be monitored for overall 
aggradation/degradation through the measurement of cross-sections. 
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6.4   Schedule / Reporting 

Activities for the first year of monitoring will begin at the completion of major construction activities. 
This initial work will involve establishing monitoring stations, plots, and cross-section for all future 
monitoring.  A field investigation will be conducted to establish all monitoring locations. This will 
include the establishment of fixed photo points, cross-sections, and stem counts for the planted areas.   

The appropriate number of monitoring wells will be installed/re-installed, immediately after 
construction, in a similar pattern to the pre-construction configuration.  The establishment of 
monitoring features and the collection and summarization of monitoring data will be conducted in 
accordance with the most current version of the EEP document entitled “Content, Format, and Data 
Requirements for EEP Monitoring Reports”.  As requested by EEP, a monitoring protocol similar to 
pre-construction will be adopted for post-construction monitoring.  NSE will continue monthly 
monitoring until the due date of the First Year Monitoring report, unless directed otherwise by EEP.  
Once the appropriate time has passed, the first annual post-construction site monitoring will be 
conducted. A monitoring report of findings as it relates to identified success criteria will be prepared 
and submitted to the Ecosystem Enhancement Program. 
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