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EXECUTIVE SUMMARY 
 

Restoration Systems, L.L.C. (Restoration Systems) is developing plans for riparian wetland 

restoration at the Columbus Swamp Wetland Restoration Site (Site) located approximately 11 

miles southeast of Lumberton, on the Robeson and Columbus County line.  The Columbus 

Swamp Restoration Site encompasses approximately 40 acres of land that is used for 

agricultural row crop production and silviculture.  The Site has been cleared of native forest 

vegetation, ditched for agricultural/silvicultural purposes, and planted in agricultural row crops 

and loblolly pine.  Based on detailed soil mapping conducted by licensed soil scientists, the 

entire 40 acre Site is underlain by Class A hydric soil, which was previously cleared and drained 

in support of Site land uses.   

 

The Site is located within the Lumber River Basin in 14-digit USGS Cataloging Unit 

03040203170020 of the South Atlantic/Gulf Region (North Carolina Division of Water Quality 

subbasin number 03-07-53).  Brier Creek, the major drainage feature on Site, has been 

assigned Stream Index Number 14-22-17 and has received a Best Usage Classification of C 

Sw.   

 

This document details existing Site conditions and proposed wetland restoration procedures at 

the Site.  A 40-acre conservation easement has been conveyed to the State that will incorporate 

all planned restoration activities.  The Site encompasses approximately 40 acres of drained, 

hydric soil; of which approximately 33.5 acres are suitable for wetland restoration.  An additional 

2.5 acres of ditches and hydric soil within the Site are suitable for wetland enhancement.   

 

Wetland restoration activities have been designed to restore wetland functions similar to those 

exhibited by reference wetlands in the region.  Site alterations designed to restore characteristic 

wetland soil features and groundwater wetland hydrology includes the introduction of 

microtopograhpic variability, impervious ditch plug construction, ditch backfilling, berm removal, 

and scarification of wetland soil surfaces.  Subsequently, trees and shrubs will be planted 

throughout the Site to establish native forest species’ characteristic of Coastal Plain Bottomland 

Hardwoods (brownwater subtype).  Planting of the Site will provide diversity and secondary 

benefits such as enhanced foraging, nesting, and refuge opportunities for mammals, birds, 

amphibians, and reptiles. 

 

After implementation, the Site is expected to support 36 acres of restored/enhanced riparian 

wetlands and 4.0 acres of upland forest.  Monitoring of Site restoration efforts will be performed 

until success criteria are fulfilled.  Monitoring is proposed for wetland components of hydrology 

and vegetation.   
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DETAILED RESTORATION PLAN 

COLUMBUS SWAMP WETLAND RESTORATION SITE 

ROBESON/COLUMBUS COUNTIES, NORTH CAROLINA 

 

1.0 INTRODUCTION 

Restoration Systems, L.L.C. (Restoration Systems) is developing plans for riparian wetland 

restoration at the Columbus Swamp Wetland Restoration Site (Site) located approximately 11 

miles southeast of Lumberton (34.4597ON, 78.9002OW NAD 83/WGS84), on the Robeson and 

Columbus County line. (Figures 1 and 2, Appendix A).  The Columbus Swamp Restoration Site 

encompasses approximately 40 acres of land that is used for agricultural row crop production 

and silviculture.  The Site has been cleared of native forest vegetation, ditched for 

agricultural/silvicultural purposes, and planted in agricultural row crops and loblolly pine.  Based 

on detailed soil mapping conducted by licensed soil scientists, the entire 40 acre Site is 

underlain by Class A hydric soil , which was previously cleared and drained in support of Site 

land uses.   

 

The Site is encompassed within two parcels owned by the Fields family.  The Site is situated at 

the outer floodplain edge of Big Swamp at the confluence of Big Swamp and a smaller tributary, 

Brier Creek (Figure 3, Appendix A).  Brier Creek changes from a single thread, bank-to-bank 

system into a braided channel as it descends off the slopes south of Big Swamp.  The braided 

channel contributes overland, surface flow to the vast swamps adjacent to the Site.  Big Swamp 

serves as the primary hydrologic feature at the Site.  The Big Swamp floodplain is approximately 

three quarters of a mile in width, extending to timber tracts on the northern rim of the drainage 

feature.   

 

An extensive ditch system has been excavated to drain the Site for agricultural land uses 

(Figure 4, Appendix A).  Interfield ditches have been excavated to a depth of approximately 4 to 

5 feet.  Spoil from ditch excavation has been used to construct a berm/road that borders Site 

agricultural fields.  The berm hinders surface water from Big Swamp accessing agricultural 

fields during wetter portions of the year.  Site ditches drain to a central ditch at the northern 

edge of the Site.  The central ditch drains under the berm/peripheral road through a culvert.  

The ditch then extends towards Big Swamp north of the Site.   

 

Brier Creek extends along the southwestern margins of the Site in a roadside ditch.  The road 

serves as a driveway for a cabin situated next to the Site.  The driveway also services farm 

fields and silviculture stands in Big Swamp.  Brier Creek has been ditched and channelized and 

is routed around the Site.   

 

Due to its position in the landscape, the Site provides important storage benefits to Big Swamp 

and other downstream aquatic systems.  The dominant presence of hydric soils, an extensive 

ditch network, and a disturbed vegetation structure/composition highlight the potential for an 

exceptional wetland restoration opportunity at the Site. 
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1.1 Project Goals 

The purpose of this study is to establish a cohesive restoration plan outlining methods for 

riparian wetland restoration..  The primary goals of this riparian wetland restoration project focus 

on improving water quality and biological diversity in the Lumber River watershed and will be 

accomplished by: 

 

1. Removal of nonpoint and point sources of pollution associated with agricultural practices 
including cessation of broadcast fertilizers, pesticides, and other agricultural chemicals 
onto the Site  

2. Restoration of Site hydrology by filling approximately 8000 linear feet of existing 
drainage ditches, thereby promoting flood storage, nutrient cycling, and aquatic wildlife 
habitat. 

3. Restoration of soil structure through appropriate soil modifications and physical 
alteration (grading, discing, etc.). 

4. Reforestation of a native wetland community with subsequent reestablishment of habitat 
diversity and functional continuity. 

5. Enhancing and protecting the Site’s full potential of wetland functions and values in 
perpetuity. 
 

These goals will be achieved by: 

 

• Providing a minimum of 32 Riparian Wetland Mitigation Units, as calculated in 
accordance with the requirements stipulated in RFP #16-D07033. 
o Restoring approximately 33.5 acres of wetland through filling agricultural ditches, 

removal of a berm and spoil castings, eliminating row crop production activities, and 
planting with native forest vegetation. 

o Enhancing approximately 0.5 acre of wetland by eliminating row crop production 
activities and planting with native forest vegetation. 

o Enhancing 2.0 acres of wetlands associated with onsite ditches by filling the ditches 
and planting with native forest vegetation. 

• Protecting the Site in perpetuity with a conservation easement. 

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

Site.  The plan includes 1) descriptions of existing conditions, 2) groundwater model 

applications, 3) reference studies, 4) restoration plans, and 4) Site monitoring and success 

criteria.  Upon approval of this plan by regulatory agencies, activities will be implemented as 

outlined.  Minor modifications to the restoration game-plan may be necessitated by one of 

several contingencies such as access issues, sediment-erosion control measures, drainage 

needs, etc.. 
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2.0 METHODS 

Natural resource information was obtained from available sources.  United States Geological 

Survey (USGS) 7.5-minute topographic quadrangle (Evergreen, North Carolina), United States 

Fish and Wildlife Service (USFWS) National Wetlands Inventory (NWI) mapping, Natural 

Resource Conservation Service (NRCS) soils mapping for Columbus County (USDA 1990), and 

recent Robeson/Columbus County aerial photography were utilized to evaluate existing 

landscape, wetland, and soil information prior to onsite inspection.  

 

Current (2006) aerial photography was utilized to determine primary hydrologic features and to 

map relevant environmental features (Figure 4, Appendix A).  Subsequently, fields, reference 

wetland surfaces, agricultural field ditch cross-sections, and profiles were measured to quantify 

elevational gradients affecting hydrologic parameters and to predict wetland restoration 

potential. 

 

North Carolina Natural Heritage Program (NCNHP) databases were evaluated for the presence 

of protected species and designated natural areas, which may serve as reference wetland 

communities for restoration design purposes.  A listing of federally protected species whose 

ranges extend into Robeson and Columbus County was also obtained from the USFWS 

(http://nc-es.fws.gov/es/countyfr.html).  State Historic Preservation Office (SHPO) records were 

evaluated for the presence of significant cultural resources in the Site vicinity.  Results of these 

database reviews have been presented to the State of North Carolina in a Categorical Exclusion 

(CE) document (Appendix B).  The CE document did not identify any issues that may hinder 

Site development for wetland restoration. 

 

Areas located adjacent to the Site were evaluated for reference use (Figure 5, Appendix A); 

identified sites were evaluated to provide information on target (post-restoration) wetland 

conditions.  Characteristic and target natural community patterns were classified according to 

Schafale and Weakley's Classification of the Natural Communities of North Carolina (1990). 

 

Detailed field investigations were performed in January 2008, and consisted of hydrological 

measurements, soil surveys, and mapping of onsite resources.  Project scientists evaluated 

hydrology, vegetation, and soil parameters to map hydric soils and open waters, conduct 

detailed soil measurements, and collected data for groundwater models.  Existing plant 

communities were also delineated, mapped, and described by structure and composition. 

 

Detailed soil mapping was conducted by licensed soil scientists to verify NRCS soil mapping 

units.  Soil mapping was subsequently modified to determine the upland areas to eliminate from 

the easement and to quantify wetland restoration acreage.  Detailed soil profiles were collected 

during the mapping effort for use in groundwater modeling and taxonomic classification. 

 

Groundwater conditions were modeled using the Boussinesq Equation.  The Boussinesq 

Equation represents a two-dimensional general flow equation for unconfined aquifers.  The 

equation has been successfully used repeatedly in the past to predict the decline in elevation of 
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the water table near a pumping well as time progresses.  The equation is based primarily on 

hydraulic conductivity, drainable porosity, and the saturated thickness of the aquifer.  The model 

was utilized to predict historic hydroperiods, the extent of wetland degradation due to ditching, 

and the potential for wetland restoration through effective removal of the drainage network. 

 

Field survey information was platted and compiled within Geographic Information System (GIS) 

base mapping and analyzed to evaluate the Site under existing conditions.  Based on field 

investigations and data analyses, a wetland restoration plan has been developed for review and 

approval prior to onsite implementation, based substantially on such field investigations and 

data analysis.  

 

3.0 EXISTING CONDITIONS 

3.1 Physiography, Topography, and Land Use 

The Site is located in the Southeastern Floodplains and Low Terraces portion of the 

Southeastern Plains ecoregion of North Carolina within USGS Cataloging Unit 03040203, 

Subbasin 03-07-53 of the Lumber River Basin.  Regional physiography is characterized as 

major river floodplains and associated low terraces, and low gradient streams with sandy/silty 

substrate, oxbow lakes, ponds, and swamps (Griffith 2002).  Elevations within the Site are 

nearly level averaging approximately 85 feet National Geodetic Vertical Datum (USGS 

Evergreen, North Carolina 7.5-minute topographic quadrangle).   

 

The Site includes approximately 40 acres of land located on the outer margins of the Big 

Swamp floodplain.  The area is characterized by extensive expanses of swamps, braided 

stream channels, and oxbow depressions (Figure 5, Appendix A).  In addition, a significant 

portion of the floodplain has been timbered in the past during dry climatic periods and is 

revegetating with an early successional scrub-shrub hardwood assemblage.   

 

The Site is utilized for agricultural row crop production, silviculture, and recreation (Figure 4, 

Appendix A).  During field visits remnants of corn, soybeans, and sorghum were evident 

throughout the Site.  The eastern portions of the fields were planted in loblolly pine (Pinus 

taeda) approximately 3 years ago.  Based on conversations with the landowner, additional 

species were planted at the Site with excessive mortality due to drought.   

 

An extensive ditch system has been excavated to drain the Site for intended land uses.  Ditches 

drain in a northwesterly direction towards Big Swamp.  The ditches are approximately 5 feet in 

depth and 20 feet in width through the majority of the Site.  As the ditches reach the 

northwestern periphery of the Site, ditches increase to approximately 40 feet in width.   

 

Spoil from ditch excavation was used to construct an earth berm on the northern margins of the 

Site to inhibit flow from Big Swamp from entering agricultural fields.  The berm system also 

serves as an elevated road embankment that circumnavigates the agricultural fields.  A primitive 

agricultural road system also traverses the interior of the Site, primarily for access of farm 

machinery and hunting vehicles.  
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Due to its position in the landscape, the Site provides important benefits to Big Swamp and 

ultimately the Lumber River.  The dominant presence of hydric soils, an extensive ditch network, 

and lack of forested vegetation structure/composition highlight the potential for an exceptional 

riparian wetland restoration opportunity at the Site. 

3.2 Water Quality 

The Site is located within the Lumber River Basin in 14-digit USGS Cataloging Unit 

03040203170020 of the South Atlantic/Gulf Region (North Carolina Division of Water Quality 

[NCDWQ] subbasin number 03-07-53) [Figure 2, Appendix A]).  Brier Creek, the main drainage 

feature within the Site has been assigned Stream Index Number 14-22-17 and has received a 

Best Usage Classification of C Sw.  Streams with a best usage designation of C are suitable for 

aquatic life propagation and survival, fishing, wildlife, secondary recreation, and agriculture.  

Secondary recreation includes wading, boating, and other uses not involving human body 

contact with waters on an organized or frequent basis.  Sw is a supplemental surface water 

classification denoting swamp waters that have naturally occurring low pH, low dissolved 

oxygen, and low velocities.   

 

Brier Creek is not listed on the NCDWQ final 2006 or draft 2008 Section 303(d) lists (NCDWQ 

2007a, 2007b) and the Site is not located within a Targeted Local Watershed (NCWRP 2003). 

3.3 Soils 

Soils that occur within the Site, according to the Soil Survey of Robeson County, North Carolina 

(USDA 1978) and the Soil Survey of Columbus County, North Carolina (USDA 1990), are 

depicted in Figure 6 (Appendix A) and consist entirely of Johnston soils.  The Johnston soil 

series (Cumulic Humaquepts) consists of nearly level, very poorly drained, Class A hydric soils 

on floodplains of major drainageways.  The seasonal high water table typically occurs at or 

above the ground surface. 

 
Detailed soil mapping for the Site, prepared based on landscape position and hydric verses 

nonhydric soil characteristics, verify that the entire Site is underlain by hydric soils.  Hydric soils 

are defined as "soils that are saturated, flooded, or ponded long enough during the growing 

season to develop anaerobic conditions in the upper soil layer" (SCS 1987).  As depicted in 

Figure 6 (Appendix A), the only hydric soil mapped within the Site has been identified as the 

Johnston soil series. 

 

Johnston Soils 
Hydric soils of the Johnston series underlie 100 percent of the 40 acre Site.  Johnston soils are 

characterized by a black, loamy surface over a very dark grayish brown sandy loam subsurface 

(Figure 7, Appendix A).  These soils are located in broad, expansive river floodplains that are 

very poorly drained, with a seasonal high water table at or above the ground surface for much of 

the growing season.  In general, areas of Johnston soils are woodland, with wetness being the 

main limitation affecting alternative land uses.  Based on preliminary studies, onsite hydric soils 

appear to be drained by agricultural ditching; however, the soils also exhibit signs of 

groundwater saturation prior to ditching activities.   
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Currently, onsite hydric soils do not support hydrophytic vegetation and/or wetland hydrology.  

Areas targeted for wetland restoration historically supported jurisdictional wetlands.  Restoration 

of wetland hydrology and replanting with native hydrophytic vegetation will occur in these areas.  

See Section 3.6 for more information on jurisdictional wetlands and Section 6.0 for detailed 

wetland restoration information. 

3.4 Plant Communities 

The Site is composed of agricultural land utilized for row crop production consisting of corn, 

soybeans, and sorghum with a few mature swamp chestnut oaks (Quercus michauxii) in the 

center of the Site.  Primary successional herbaceous vegetation includes dog fennel 

(Eupatorium capillifolium), broomsedge (Andropogon sp.), blackberry (Rubus spp), baccharis 

(Baccharis halimifolia), and annual bluegrass (Poa annua).  Species found along the ditch 

margins include giant cane (Arundinaria gigantea), bulrush (Scirpus sp.), and plumegrass 

(Saccharum sp.). In addition, the eastern portions of the fields were planted in loblolly pine 

(Pinus taeda) approximately 3 years ago.  Based on conversations with the landowner, 

additional species were planted at the Site with excessive mortality due to drought.   

3.5 Hydrology 

Under historic conditions, hydrology within the Site was most likely defined by the presence of 

surface water flows, groundwater migration into open water conveyances, groundwater seepage 

onto floodplain surfaces, and, to a lesser extent, precipitation.  Surface water flows result 

primarily from upstream drainage basin catchment, discharge into upstream feeder tributaries, 

and surface water flows into and through the Site.  Currently, groundwater migration has been 

accelerated in crop lands by the leveled soil surface, increased permeability within the plow 

layer, and potential removal of subsurface impediments to flow (rooting functions and B horizon 

surface complexity).  The induced groundwater migration is intercepted by a network of inter-

field ditches, which effectively drain farmed portions of the Site.  Approximately 8000 linear feet 

of ditches exist within the Site.  The ditches are approximately 5 feet in depth and 20 feet in 

width through the majority of the Site.  As the ditches reach the northwestern periphery of the 

Site, ditches increase to approximately 40 feet in width.   

3.6 Jurisdictional Wetlands 

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

Wetlands Delineation Manual (Environmental Laboratory 1987).  As stipulated in this manual, 

the presence of three clearly defined parameters (hydrophytic vegetation, hydric soils, and 

evidence of wetland hydrology) are required for a wetland jurisdictional determination.   

 

Hydric soil limits were confirmed within the Site by a licensed soil scientist.  Based on filed 

surveys and groundwater modeling discussed below, jurisdictional wetland hydrology has been 

effectively removed from 37.6 acres of the 40-acre tract (Figure 8, Appendix A).  Approximately 

0.4 acre of hydric soils lies beyond the drainage effect of onsite ditches and is currently 

characterized by jurisdictional wetland hydrology.  An additional 2 acres of jurisdictional wetland 

is confined to ditches excavated across the Site. 
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Onsite ditches have been excavated through hydric soils, characterized by a prevalence of 

hydric vegetation, and are saturated/ponded for greater than 12.5 percent of the growing 

season.  During field investigations, ditches were ponded to a depth of approximately 0.5 feet; 

however, ponding to approximately 4 feet in depth may occur during wetter times of the year.  

Ditches range in width from approximately 20 to 40 feet and account for 2 acres of jurisdictional 

wetland within the Site (Figure 8, Appendix A). 

 

Historically, onsite wetlands may have supported a Coastal Plain Bottomland Hardwoods 

community (Schafale and Weakley 1990).  The area was seasonally saturated or flooded by 

high water tables, poor drainage, and overbank flow from the adjacent Brier Creek.  The forest 

was dominated by various hardwood species of oak (Quercus spp.), cypress (Taxodium 

distichum), and gum (Nyssa biflora).   

 

Disturbance to onsite jurisdictional wetlands may have collectively reduced the functionality of 

these systems including reduced hydrologic functions, biogeochemical functions, and plant and 

animal habitat interactions.  

3.7 Categorical Exclusion Document 

A Categorical Exclusion (CE) document has been prepared and submitted for this project.  The 

full document is provided in Appendix B.  A summary of issues associate with the CE document 

includes the following. 

 

• CZMA – Not applicable; the project is not in a CAMA County 

• CERCLA – A limited Phase I assessment has been conducted 

• National Historic Preservation Act – Concurrence received 

• Uniform Act – Letter sent to landowner 

• American Indian Religious Freedom Act – Not applicable; the project is not in a county claimed by 

the Eastern Band of Cherokee Indians 

• Antiquities Act – Not applicable; the project is not on Federal lands 

• Archaeological Resources Protection Act – Not applicable; the project is not on Federal or Indian 

lands 

• Endangered Species Act – No habitat for federally protected species within or adjacent to the Site  

• Executive Order 13007 – Not applicable; the project is not is a county claimed by the Eastern 

Band of Cherokee Indians 

• Farmland Protection Policy Act – Concurrence received 

• Fish and Wildlife Coordination Act – Letters mailed with no reply from agencies 

• Land and Water Conservation Fund Act – Not applicable, the project will not convert recreational 

lands 

• Magnuson-Stevens Fishery Conservation and Management Act – Concurrence not required 

• Migratory Bird Treaty Act - Letters mailed with no reply from agencies 
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4.0 GROUNDWATER MODELING 

Groundwater modeling was performed to characterize water table elevations under historic 

(reference), existing, and post-restoration conditions.  Specifically, the study utilized output from 

the Boussinesq Equation to estimate the linear distance from the edge of agricultural field 

ditches where the potential exists for drainage impacts to occur within jurisdictional wetlands.   

4.1 Groundwater Model Descriptions 

The Boussinesq Equation represents a two-dimensional general flow equation for unconfined 

aquifers.  The equation has been applied in the past to predict the decline in elevation of the 

water table near a pumping well as time progresses.  The equation is based primarily on 

hydraulic conductivity, drainable porosity, and the saturated thickness of the aquifer.  One form 

of the equation is as follows: 

 

X = (K h0 t/f)
½/ F(D,H) 

 

Where: 

K = hydraulic conductivity (in/hr)  

h0 = depth to aquiclude (in) 

t = duration (hours) 

 f = drainable porosity (dimensionless ratio) 

 F(D,H) = profiles (graphs) relating ditch depth, water table depth, and depth to 

the aquiclude (h0) 

 X = wetland impact distance (in) 

 

4.1.1 Model Application – Boussinesq Equation 

In this study, the Boussinesq Equation was applied to agricultural field ditches to predict where 

the linear distance of drawdown in the groundwater exceeds 1 foot for 5 percent and 12.5 

percent of the growing season.  These percentages were selected based upon guidance from 

the Corps of Engineers Wetland Delineation Manual (Environmental Laboratory 1987).  The 

equation is solved for the wetland impact distance with data for the following variables: 1) 

equivalent hydraulic conductivity, 2) drainable porosity, 3) an estimated depth to the 

impermeable layer or aquiclude, 4) the time duration of the drawdown, 5) target water table 

depth (1 foot below the soil surface), and 6) minimum ditch depth. 

 

Hydraulic conductivity (K) values were estimated using values published in the Soil Survey of 

Columbus County, North Carolina (USDA 1990).  The soil layer depths were obtained from 

descriptions in the Columbus County soil survey and verified in the field.  Drainable porosity was 

determined using published data (Skaggs et al. 1986).  The drainable porosities were cross-

referenced with water depth to drained-volume relationship provided by MUUF for depths 

between 0 and 1 foot for the Johnston series.  The depth to the aquiclude was obtained from 

published values for the Johnston series (USDA 1990).   
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The time variable, t, is based on 5 and 12.5 percent of the Robeson County growing season, 12 

and 31 days, respectively.  For the purpose of this study, the growing season is defined as the 

period between March 14 and November 14 (USDA 1978).  Values for the function F(D,H), 

defined as a function of ditch depth, water table depth, and depth to the aquiclude, were taken 

from plotted numerical solutions to the Boussinesq Equation (Figure 2j, Skaggs 1976), where 

D=d/h0 and H=h/h0.  The variable d is defined as the ditch elevation above the aquiclude.  The 

variable h0 is the distance from the soil surface to the aquiclude.  The variable h is equal to the 

height after drawdown for the water above the aquiclude at distance X from the ditch.  For the 

purposes of this analysis, h was defined as the distance between the aquiclude and a point 1 

foot below the surface.  Minimum ditch depths were determined during cross-sectional analysis 

of agricultural field ditches. 

4.2 Groundwater Model Results 

The groundwater model was utilized to forecast the maximum zone of ditch influence on 

jurisdictional wetland hydroperiods.  The maximum zone of influence may be used to predict the 

area of wetland hydrological restoration that may result due to effective ditch removal.  Ditch 

depths and spacing were varied in the model until wetland hydroperiods were reduced relative 

to the jurisdictional wetland hydroperiods outlined by the Corps of Engineers Wetland 

Delineation Manual (Environmental Laboratory 1987). 

 

The Boussinesq Equation has the ability to support different ditch morphology and features, 

suggesting that use of the model in evaluation of drainage impacts from agricultural field ditches 

are applicable with proper data inputs.  Groundwater model results are presented in Table 1. 

 

The Boussinesq Equation predicts an influence on the jurisdictional wetland hydroperiod (12.5 

percent of growing season) of 185 feet for a 3-foot ditch (Table 1).  Figure 8 provides a depiction 

of modeled wetland hydroperiods based on ditch depths and spacing under existing conditions.  

As the Site succeeds towards steady state forest conditions, the zone of potential wetland is 

expected to be reduced due to projected, lower infiltration and runoff rates.   

 

Table 1.  Groundwater Model Results for the Zone of Wetland Loss (Johnston Soils) 

Ditch Depth (feet) 
Ditch Impact (feet) 

5 % of Growing Season 

Ditch Impact (feet) 

12.5 % of Growing Season 

2 79 125 

3 117 185 

4 131 206 

5 137 217 

* Zone of influence equal to ½ of the modeled ditch spacing 

 

Groundwater model simulations for existing conditions indicate that portions of the Site are 

forecast to meet hydrology criteria at distances of 125 to 217 feet from the existing drainage 

ditches (Table 1).  Under existing conditions Johnston soils are considered effectively drained 

throughout approximately 37.6 acres of the Site for hydrologic criteria of 12.5 percent of the 

growing season due to the groundwater drawdown from the agricultural field drainage ditch 

network (Figure 8, Appendix A). 
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5.0 REFERENCE STUDIES 

Reference wetland systems were utilized as the primary method for development of this wetland 

restoration plan.  Reference areas are located approximately 1 mile northeast of the Site in less 

disturbed portions of Big Swamp (Figure 5, Appendix A).  Hydrologic reference areas will be 

utilized to develop post-project hydrologic parameters for success criteria.  Reference 

vegetative community areas will be utilized to supplement Schafale and Weakley's Classification 

of the Natural Communities of North Carolina (1990) vegetative community descriptions for 

Coastal Plain Bottomland Hardwoods (brownwater subtype). 

5.1 Reference Forest Ecosystems 

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

Ecosystems (RFEs) must be established for restoration sites.  RFEs are forested areas on 

which to model restoration efforts of the restoration site in relation to soils, hydrology, and 

vegetation.  RFEs should be ecologically stable climax communities and should represent 

believed historical (predisturbance) conditions of the restoration site.  Data describing plant 

community composition and structure are collected at the RFEs and subsequently applied as 

reference data for design of the restoration site. 

 

Reference vegetative communities for this project are located in undisturbed portions of Big 

Swamp northeast of the Site boundaries (Figure 5, Appendix A).  Tree and shrub species 

identified in this area are listed in Table 2 and will be utilized to supplement community 

descriptions for Coastal Plain Bottomland Hardwoods (brownwater subtype). 

 

Table 2.  Reference Forest Ecosystem 

Coastal Plain Bottomland Hardwoods 

Canopy Species  Understory Species  

Acer rubrum Persea borbonia 

Nyssa biflora Magnolia virginiana 

Quercus laurifolia Ilex opaca 

Quercus michauxii  

Quercus phellos  

Taxodium distichum  

 

5.2 Soil Surface Characterization 

Wetland surface microtopography was evaluated in reference wetlands by estimating changes 

in relief across local reaches of the landscape.  In Johnston soils, depressional storage 

associated with microtopography appears to play an important role in wetland hydrology and 

function.  Surface topography varies from approximately 0.5 to 1.0 foot across the soil surface.  

Within the interior reference hydrology area, depressional areas are generally spaced at 
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distances ranging from 30 to 100 feet between hummocks and flats.  The depressions ranged 

from 20 to 70 feet in width and averaged approximately 0.5 foot in maximum depth.   

 

6.0 RESTORATION PLAN 

Site alterations designed to restore characteristic wetland soil features and groundwater wetland 

hydrology include: 1) ditch cleaning prior to backfill, 2) depression construction, 3) impervious 

ditch plug construction, 4) ditch backfilling, 5) berm removal, 6) floodplain soil scarification, and 

7) plant community restoration.  Restoration plans depicted in Figure 9 (Appendix A) are 

expected to restore 33.5 acres and enhance 2.5 acre of forested riverine wetlands. 

6.1 Ditch Cleaning Prior to Backfill 

Ditches identified for backfilling in Figure 9 (Appendix A) will be cleaned, as needed, to remove 

unconsolidated sediments within the lower portion of the cross-section.  Accumulated sediment 

within the ditches is relatively high permeability material that may act as a conduit for continued 

drainage after restoration.  The unconsolidated sediments will be lifted from the channel to 

expose the underlying, relatively impermeable clay substrate along the ditch invert.  The 

sediment will be temporarily placed on adjacent surfaces during depression construction and 

ditch backfilling.  Subsequently, the unconsolidated sediment will be incorporated into top soils 

graded during soil preparation for planting. 

6.2 Shallow Marsh Excavation 

Shallow freshwater marsh pools will be constructed in the primary floodplain along portions of 

ditches and used for additional fill material as needed.  The pools will be constructed by 

excavating shallow, irregularly shaped (oblong) depressions placed perpendicular to land slope.  

The depressions will range to a maximum of 0.75-foot below the existing surface elevation in 

the center of the depression.  Depressional areas will extend over a radius of 50 to 75 feet (long 

axis).  The location and attributes of oval depressions will be constructed to mimic backwater 

slough depressions and other depressional features found in the reference wetlands.  Ditches 

located within depressional areas will be backfilled to the maximum 0.75-foot depth below the 

ground elevation. 

6.3 Depression Construction 

Based on volume calculations for ditch-backfill material, approximately 30,500 cubic yards of 

material must be borrowed from the Site.  If borrow material derived from shallow depression 

excavation results in insufficient quantities of ditch backfill material, depressions may be 

excavated throughout the Site landscape.  The primary purpose of these depressions is to 

provide suitable, low permeability material for ditch plugs and backfilling, to increase water 

storage potential within the wetland restoration area, and to increase potential for biological 

diversity within the complex.  A conceptual model of the constructed depression, after 

restoration is complete, is depicted in Figure 10 (Appendix A).   

 

The depression will be constructed by excavating and stockpiling top soils overlying the B 

horizon (clay layer) surface.  Subsequently, clay from the B horizon will be excavated as 
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individual pockets approximately 2 to 3 feet in width and 2 to 3 feet in depth, such that the 

landscape is “pockmarked” with small, groundwater storage depressions.  Clays excavated from 

the depressions will be utilized as backfill material on adjacent ditch sections.  Top soils and 

sediment removed from ditch cleaning efforts will be utilized to backfill the depression to within 

0.3 foot of the surface.   

 

The location, depth, and configuration of each depression will be modified during construction to 

maximize landscape diversity, provide varying depths throughout the Site, and to balance cut 

and fill needs for ditch backfilling and plug construction. 

6.4 Ditch Plugs 

Ditch plugs will be installed along onsite ditches at locations conceptually depicted in Figure 9 

(Appendix A).  In addition, all Site outfall locations will be effectively plugged to prevent 

migration of surface water to and from the Site.  The plugs will represent low density material 

designed to withstand erosive forces associated with concentrated surface water or 

groundwater flows.  If earthen material is used, each plug will consist of earthen material 

backfilled in 2-foot lifts of vegetation free material and compacted into the bottom of the ditch.  

Earthen plugs may be reinforced by incorporation of filter cloth into the plug to minimize 

preferential flow of groundwater through fill material.  Earthen material may be obtained from 

upland borrow pits or through excavation of groundwater storage depressions within the Site.   

6.5 Ditch Backfilling 

Ditches will be backfilled using onsite, earthen material from excavated depressions as depicted 

in Figure 9 (Appendix A).  Based on cut-fill estimates for this project, approximately 30,500 

cubic yards of ditch backfill material will be required to effectively fill all onsite ditches.  Material 

excavated from the groundwater storage depressions will be stockpiled adjacent to the ditches 

to be backfilled.  Ditch backfill locations will be filled, compacted, and graded to the approximate 

elevation of the adjacent wetland surface.  Certain, non-critical ditch sections may remain open 

to provide habitat and hydrologic storage.  Open ditch sections will be isolated between 

effectively backfilled reaches to reduce potential for long-term, preferential groundwater 

migration. 

6.6 Berm Removal 

Spoil from ditch excavation used to construct a berm/road that borders Site agricultural fields 

will be removed to restore hydrology contributed to the Site by Big Swamp.  Currently the berm 

hinders surface water from Big Swamp from accessing the Site during overbank events.   

6.7 Floodplain Soil Scarification 

Microtopography and differential drainage rates within localized areas represent important 

components of interstream flat functions.  Reference hydrology areas north of the Site exhibit 

complex surface microtopography.  Small concavities, swales, exposed root systems, seasonal 

pools, oxbows, and hummocks associated with vegetative growth and hydrological patterns are 

scattered throughout these systems.  Efforts to advance the development of characteristic 

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

After construction, the soil surface is expected to exhibit complex microtopography ranging to 1 

foot in vertical asymmetry.  Subsequently, community restoration will be initiated. 

6.8 Plant Community Restoration 

Restoration of hardwood forest allows for development and expansion of characteristic species 

across the landscape and will contribute to diversity and provide secondary benefits, such as 

enhanced feeding and nesting opportunities for mammals, birds, amphibians, and other wildlife. 

 

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

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

used to develop the primary plant community associations that will be promoted during 

community restoration activities.  Based on Schafale and Weakley (1990) community 

descriptions, the Site was historically characterized by Coastal Plain Bottomland Hardwoods.  

These areas occur on flat or rolling Coastal Plain sediments with a significant seasonal high 

water table.  

6.8.1 Planting Plan 

Deep-rooted, riparian vegetation will be restored over the entire 40-acre Site.  Planting 

vegetation is proposed to reestablish vegetation community patterns within the Site.  

Revegetating is expected to provide soil stability, provide habitat for area wildlife, and filter 

pollutants prior to entering the groundwater table.  Scarification of floodplain surfaces may be 

required prior to planting.  

 

Variations in vegetative planting may occur based on topographic locations and hydraulic 

conditions of the soil.  Vegetative species composition should mimic reference forest data and 

onsite observations.  Species expected for this project are characteristic of the Coastal Plain 

Bottomland Hardwoods vegetative community as described in Classification of the Natural 

Communities of North Carolina (Schafale and Weakley 1990) and may include the following 

elements. 

 

 swamp chestnut oak (Quercus michauxii)   laurel oak (Quercus laurifolia) 

 water oak (Quercus nigra)      bald cypress (Taxodium distichum) 

willow oak (Quercus phellos)    sweet bay (Magnolia virginiana)   

 ironwood (Carpinus caroliniana)     American holly (Ilex opaca)  

 

Bare-root seedlings of tree and shrub species may be planted within the Site at a density up to 

1000 stems per acre (6.6-foot centers).  Planting should be performed between December 1 

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

spring season.  Bare-root seedlings should be hand planted to minimize Site soil disturbance, 

thereby minimizing potential for sedimentation/siltation into Site receiving streams.  A total of 

40,000 diagnostic tree and shrub seedlings may be planted in support of Site wetland 

restoration (Table 3).  The entire 40-acre Site is expected to be revegetated during 

implementation of this plan.   
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6.8.2 Nuisance Species Management 

No nuisance species were observed in the Site; therefore, no nuisance species controls are 

proposed at this time.  Potential for other nuisance species including nonnative floral species 

will be monitored over the course of the 5-year monitoring period.  Appropriate actions may be 

taken to ameliorate negative impacts regarding vegetation development and/or water 

management on an as-needed basis. 

 

Table 3.  Planting Plan  

Vegetation Association 

(Planting Area) 
Coastal Plain Bottomland Harwoods 

Area (acres) 40 

SPECIES Total Number Planted
1
 Percentage of Total

2
 

Ironwood (Carpinus caroliniana) 5000 12.5 

American Holly (Ilex opaca) 5000 12.5 

Sweet Bay (Magnolia virginiana) 5000 12.5 

Swamp Chestnut Oak (Quercus michauxii) 5000 12.5 

Laurel Oak (Quercus laurifolia) 5000 12.5 

Water Oak (Quercus nigra) 5000 12.5 

Willow Oak (Quercus phellos) 5000 12.5 

Bald Cypress (Taxodium distichum) 5000 12.5 

TOTAL 40,000 100 

1. Planting densities comprise 1000 trees per acre. 

2. Some noncommercial elements may not be locally available at the time of planting.  The stem count for 

unavailable species should be distributed among other target species based on the percent (%) distribution.  One 

year of advance notice to forest nurseries will promote availability of some noncommercial elements.  However, 

reproductive failure in the nursery may occur. 

 

7.0 MONITORING PLAN 

Monitoring of Site restoration efforts will be performed until success criteria are fulfilled.  

Monitoring is proposed for wetland components of hydrology and vegetation.  A general Site 

monitoring plan is depicted in Figure 11 (Appendix A). 

7.1 Hydrology Monitoring 

After hydrological modifications are performed, continuous reading, groundwater monitoring 

gauges will be installed at the Site in accordance with specifications in Installing Monitoring 

Wells/Piezometers in Wetlands (NCWRP 1993).  Approximately nine groundwater monitoring 

gauges (two gauges within reference and seven gauges onsite) will be installed at the Site as 

conceptually depicted in Figure 11 (Appendix A).  Monitoring gauges will be set to a minimum 
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depth of 12 inches below the soil surface.  Hydrological sampling will continue throughout the 

growing season at intervals necessary to satisfy the hydrology success criteria (EPA 1990).   

7.2 Hydrology Success Criteria 

Target hydrological characteristics include a minimum regulatory wetland hydrology criteria 

based upon reference groundwater modeling.  Evaluation of success criteria will also be 

supplemented by sampling and data comparison between restoration areas and the reference 

wetland site.  Hydrology success criteria for the five-year monitoring period will include a 

minimum regulatory criterion, comprising saturation (free water) within one foot of the soil 

surface for 5 percent of the growing season.   

 

Reference Wetland Sites 

Two monitoring gauges will be placed in reference wetlands located northwest of the Site.  

Wetland hydroperiods measured by groundwater gauges located within the reference areas will 

be compared to the hydroperiods exhibited by groundwater gauges in the restoration area to 

further evaluate restoration success.  Success criteria outlined by the groundwater model 

indicates that the wetland restoration area should maintain saturation within one foot of the soil 

surface for at least 74 percent of the hydroperiod exhibited by the reference wetland gauges in 

any given year.   

7.3 Vegetation Monitoring 

Restoration monitoring procedures for vegetation are designed in accordance with guidelines 

set forth in 2006 CVS-EEP Protocol for Recording Vegetation (Levels 1 and 2 only) (Lee et. al. 

2006).  A general discussion of the restoration monitoring program is provided.  A photographic 

record of plant growth should be included in each annual monitoring report.    

 

After planting has been completed in winter or early spring, an initial evaluation will be 

performed to verify planting methods and to determine initial species composition and density.  

Supplemental planting and additional Site modifications will be implemented, if necessary. 

 

During the first year, vegetation will receive visual evaluation on a periodic basis to ascertain the 

degree of overtopping of planted elements by nuisance species.  Subsequently, quantitative 

sampling of vegetation will be performed between June 1 and October 30, until the vegetation 

success criteria are achieved. 

 

During quantitative vegetation sampling in early fall of the first year, up to ten sample plots will 

be randomly placed within the Site.  Sample-plot distributions are expected to resemble 

locations depicted in Figure 11 (Appendix A); however, best professional judgment may be 

necessary to establish vegetative monitoring plots upon completion of construction activities.  In 

each sample plot, vegetation parameters to be monitored include species composition and 

species density.   
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7.4 Vegetation Success Criteria 

Success criteria have been established to verify that the vegetation component supports 

community elements necessary for floodplain forest development.  Success criteria are 

dependent upon the density and growth of characteristic forest species.  Additional success 

criteria are dependent upon density and growth of "Character Tree Species."  Character Tree 

Species include planted species, species identified through inventory of an approved reference 

(relatively undisturbed) forest community used to orient the planting plan, and species outlined 

in an appropriate plant community as described in Classification of Natural Communities of 

North Carolina (Schafale and Weakley 1990).   

 

An average density of 320 stems per acre of Character Tree Species must be surviving in the 

first three monitoring years.  Subsequently, 290 Character Tree Species per acre must be 

surviving in year 4 and 260 Character Tree Species per acre in year 5.   

 

If vegetation success criteria are not achieved based on average density calculations from 

combined plots over the entire restoration area, supplemental planting may be performed with 

tree species approved by regulatory agencies.  Supplemental planting will be performed as 

needed until achievement of vegetation success criteria.  

 

No quantitative sampling requirements are proposed for herb assemblages as part of the 

vegetation success criteria.  Development of floodplain forests over several decades will dictate 

the success in migration and establishment of desired understory and groundcover populations.   

7.5 Report Submittal 

An "as-built" mitigation plan of the area, including initial species compositions by community 

type, and sample plot and well locations, will be provided after completion of planting.  A 

discussion of the planting design, including the types of species planted, species densities, and 

number of stems planted will be included.  The report will be provided within 90 days of 

completion of all work. 

 

Subsequently, reports will be submitted yearly no later than December 31 to appropriate 

permitting agencies following each annual monitoring assessment.  Reports will document the 

sample plot locations, along with photographs which illustrate Site conditions.  Groundwater 

monitoring gauge data will be analyzed to determine the duration of wetland hydrology during 

the growing season.  In addition, the survival and density of planted and naturally recruited 

stems will be reported and evaluated relative to the success criteria. 

7.6 Contingency 

In the event that vegetation or hydrology success criteria are not fulfilled, a mechanism for 

contingency will be implemented.  For vegetation contingency, replanting and extended 

monitoring periods will be implemented if community restoration does not fulfill minimum 

species density and distribution requirements. 
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Hydrological contingency will require consultation with hydrologists and regulatory agencies if 

wetland hydrology restoration is not achieved during the monitoring period.  Recommendations 

for contingency to establish wetland hydrology will be implemented and monitored until 

hydrology success criteria are achieved. 
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