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Project Setting & Classifications 

County: Gates 
General Location: Sunbury, NC 
Basin: Chowan 
Physiographic Region: Coastal Plain 
Ecoregion: Carolina Flatwoods 
USGS Hydro Unit: 03010203040010 

NCDWQ Sub-basin: 03-01-01 

Wetland Classification: Riverine 
Thermal Regime: Warm 
Trout Water: N/A 
  
  
 Project Performers  
Source Agency: EEP 

Designer: 
Michael Baker 
Engineering, Inc. 

Monitoring Firm: 
Michael Baker 
Engineering, Inc. 

Channel Remediation: River Works, Inc. 
Plant remediation: River Works, Inc. 
Property Interest Holder: DENR Stewardship 

 

Overall Project Activities and Timeline   

Milestone Month-Year 
  
Project Contracted July 2006 
Permitted July 2007 
Construction Completed December 2007 
Minor Channel Repair November 2008 
As-built survey October 2007 
Monitoring Year-1 December 2008 
Supplemental Planting February 2009 
Monitoring Year-2 December 2009 
Monitoring Year 3 December 2010 
Monitoring Year 4 December 2011 
Supplemental Planting March 2012 
Monitoring Year 5 December 2012 
Supplemental Planting January 2013 
Closeout Submission January 2013 
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Project Setting and Background Summary    
  
The Duke Swamp Tributary Site (Site) is located in Gates County, approximately nine miles northeast of the Town of Gatesville NC.  
Historically, land use surrounding the Site has consisted of agricultural production.  The project area along the main tributary (Reach 
UT1a) was used for seasonally rotated crop production.  Prior to restoration efforts, the system was severely channelized and existing 
hydric soils areas were ditched and drained.  Frequent mowing and farming practices had prevented the establishment of native 
species wetland vegetation, which resulted in an inadequate riparian buffer along Reach UT1a.  Additionally, the historic flow pattern 
and flooding regime of Reach UT2 had been altered significantly.  Backwater effects resulted from an existing spoil pile that ran along 
the right bank of Reach UT1b in the forested wetland area.  Flows were diverted along this spoil pile, which prevented a natural 
connection between Reach UT1b and UT2. 
 
The adjacent areas on both sides of UT1a had been cleared of woody vegetation along the entire reach.  The stream bank areas of 
UT1a were periodically maintained by mowing.  A small amount of wooded buffer was present at the downstream end of Reach 
UT1b, but the channel was overly wide with side cast spoil present along both sides.  The Site agricultural areas proposed for 
restoration were drained and mapped primarily as “A” list hydric soils (Nawney series).  Former wetlands adjacent to the stream 
channel no longer supported hydrophytic vegetation. 
 
During the five-year monitoring period, one stream repair activity was completed.  Following construction, the Site experienced a 
bank/floodplain stability issue on the lower portion of Reach UT1a between stations 46+00 and 49+00.  The left bank and floodplain 
in this section of the Site had subsided and was underwater during normal flow periods.  Repairs to this portion of the Site were 
completed in November 2008. Current observations show that the repaired area is stable and does not exhibit any restoration-related 
problems. 
 
Throughout the five-year monitoring period, routine maintenance and repair activities were performed across the Site.  The Site was 
re-planted in February 2009 in order to increase the stems per acre within the floodplain.  The re-planting was limited to the floodplain 
area below the terrace of Reach UT1a.  The re-planting started at approximate station 49+75 and terminated near the upstream culvert 
crossing (SR 1520), at station 11+00. Following Year 3 monitoring, it was determined that four of the twelve vegetation plots (5, 10, 
11 and 12) were still not meeting the success criteria of 320 surviving stems per acre.  Two subsequent supplemental planting events 
occurred in March 2012 and January 2013.   
 
After construction, a total of 12.0 acres (AC) of riverine wetlands and 5,382 linear feet (LF) of stream were restored on the Site.  The 
project also enhanced an additional 7.6 AC of riverine wetlands.  A conservation easement totaling 25.4 AC has been recorded that 
protects the streams, wetlands, and riparian buffers in perpetuity. 

 

Goals and Objectives  
 
The specific goals and objectives for the Duke Swamp Tributary Site were as follows: 
 

Water Quality  

・Reduce nutrient loading to receiving waters by establishment of riparian buffers, 

・Reduce sediment supply by slowing/filtering surface runoff across riparian buffers, 

・Increase pollutant retention through wetland filtering. 
 

Water Quantity/Flood Attenuation 

・Increase water storage/flood control by establishment of vegetated floodplain, 

・Improve ground water recharge throughout floodplain areas by increasing infiltration rates, 

・Restore hydrologic connections and functionality between stream/wetland/floodplain.  
 

Aquatic and Terrestrial Habitat 

・Improve bedform diversity and in-stream cover by installing structures and large woody 
    debris 

・Reduce water temperature by establishing riparian vegetation and increasing shading, 

・Improve terrestrial habitat by restoring ecosystem diversity and stream and wetland 
    functionality 
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Success Criteria 
 

 

Restoration 
Component 

Success Criteria 

 

Performance 
Standard Met 

Ut1a: Cross 
Sections 

There should be little change in as-built cross-sections. If changes do take 
place, they will be evaluated to determine if they represent a movement toward 
a more unstable condition (e.g., down-cutting or erosion) or a movement 
toward increased stability (e.g., settling, vegetative changes, deposition along 
the banks, or decrease in width/depth ratio).  Cross-sections will be classified 
using the Rosgen Stream Classification System, and all monitored cross-
sections should fall within the quantitative parameters defined for channels of 
the designed stream type. 

 

Yes 

Ut1a: 
Longitudinal 

Profile 

A complete longitudinal profile was surveyed following construction 
completion to record as-built conditions and to establish a baseline profile.  A 
longitudinal profile will be completed during each year of the five-year 
monitoring period.  The profiles will be conducted for the entire length of the 
restored channel (UT1a).  Measurements will include thalweg, water surface, 
inner berm, bankfull, and top of low bank.  Each of these measurements will 
be taken at the head of each feature (e.g., riffle, pool, and glide).  In addition, 
maximum pool depth will be recorded.  All surveys will be tied to a single, 
permanent benchmark. 

 

Yes 

Ut1a: Stream 
Hydrology 

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

Yes 

Ut1a: Vegetation 

To characterize vegetation success criteria objectively, specific goals for 
woody vegetation density have been defined.  Data from vegetation 
monitoring plots should display a surviving tree density of at least 320 trees 
per acre at the end of the third year of monitoring, and a surviving tree density 
of at least 260 five-year-old trees per acre at the end of the five-year 
monitoring period. 
 

Yes  

Ut1b & Ut2: 
Stream Hydrology 

Two bankfull flow events must be documented within the 5-year monitoring 
period.  The two bankfull events must occur in separate years; otherwise, the 
stream monitoring will continue until two bankfull events have been 
documented in separate years.  The water level monitoring gauges should 
document the occurrence of periodic inundation and varying groundwater 
levels across the restored site.  The gauges should also document the 
connectivity of flooding between the restored UT1b and UT2 reaches. 
Photographs and video footage will be used to document restoration success in 
the UT1b and UT2 area visually. 

 

Yes 

Wetland Area 1: 
Wetland 

Hydrology 

The primary objective of groundwater monitoring is to show that the Site is 
saturated within 12 inches of the soil surface for at least 8 percent of the 
growing season and that the Site exhibits an increased frequency of flooding.  
The restored site’s hydrology was compared to pre-restoration conditions both 
in terms of groundwater and frequency of overbank events.  Following 
construction, five groundwater monitoring wells/stations were installed to 
document hydrologic success of the Site. 
 

Yes 
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ASSET TABLE

Restoration Segment/Reach 
Pre-Construction (acreage/linear 

feet) 
Mitigation 
Approach 

Watershed Acreage 
(mi²) 

As-Built 

(acreage/linear feet) 
Mitigation Ratio 

Mitigation Units 
(SMU/WMU) 

UT1a 2,860 
R  PI/PII 

0.15 (2.8 sq mi) 3,972 1:1 3,972 

UT1b 880 
R CPHW* 

0.41 (2.9 sq mi) 895 1:1 895 

UT2 880 R  CPHW* 0.48 (0.03 sq mi) 515 1:1 515 

Wetland Area #1 0 R - 12.0 1:1 12 

Wetland Area #2 2.1 E - 2.1 2:1 1.05 

Wetland Area #3 5.5 E - 5.5 2:1 2.75 

*CPHW = Coastal Plain Headwater Rehabilitation 

MITIGATION UNIT TOTALS 

Stream Mitigation Units 
(SMU) 

Riparian Wetland Units Non-riparian Wetland Units 
Total Wetland 

(WMU) 
Riparian 

Buffer 
Nutrient Offset 

5,382 15.8 0 15.8 0  
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Reach: UT1a (4,026 Feet)

MY1 MY2 MY3 MY4 MY5 MY1 MY2 MY3 MY4 MY5 MY1 MY2 MY3 MY4 MY5 MY1 MY2 MY3 MY4 MY5
Dimension

BF Width (ft) 17.01 19.81 17.38 15.21 13.99 16.79 20.59 12.70 14.90 11.83 18.07 18.96 18.53 17.35 21.90 25.10 30.84 24.48 23.20 21.90
BF Mean Depth (ft) 1.44 1.23 1.34 1.44 1.35 1.41 1.12 1.48 1.27 1.37 1.69 1.44 1.51 1.20 2.00 1.91 1.64 1.80 2.02 2.00
Width/Depth Ratio 11.8 16.1 13.0 10.6 10.4 11.9 18.4 8.6 11.7 8.6 10.7 13.2 12.3 14.5 11.0 13.1 18.9 13.6 11.5 11.0

BF Cross-sectional Area (ft²) 24.5 24.4 23.3 21.9 18.8 23.6 23.1 18.8 18.9 16.2 30.5 27.3 28.0 20.7 43.7 48.0 50.4 44.1 46.8 43.7
BF Max Depth (ft) 2.27 2.21 2.06 1.96 2.10 2.64 2.66 2.21 2.26 2.03 2.57 2.24 2.29 2.17 3.39 3.61 3.51 3.4 3.43 3.39

Width of Floodprone Area (ft) 98.43 98.44 98.49 98.57 98.55 84.40 84.35 82.46 82.40 81.11 108.22 100.14 100.17 100.24 100.18 111.31 111.28 111.37 111.38 111.41
Entrenchment Ratio 5.8 5.0 5.7 6.5 7.0 5.0 4.1 6.5 5.5 6.9 5.5 5.3 5.4 5.8 5.1 4.4 3.6 4.5 4.8 5.1

Bank Height Ratio 1.0 1.0 1.0 1.1 1.3 1.0 0.9 1.0 1.1 1.3 1.0 1.0 0.9 1.1 1.1 1.0 1.0 1.0 1.1 1.1
Wetted Perimeter (ft) 19.89 22.27 20.06 18.09 16.69 19.61 22.83 15.66 17.44 14.57 21.45 21.84 21.55 19.75 25.90 28.92 34.12 28.08 27.24 25.90
Hydraulic Radius (ft) 1.232 1.096 1.162 1.211 1.126 1.203 1.012 1.201 1.084 1.112 1.422 1.250 1.299 1.048 1.687 1.660 1.477 1.571 1.718 1.687

Substrate
d50 (mm)
d84 (mm)

Reach: UT1a

MY1 MY2 MY3 MY4 MY5 MY1 MY2 MY3 MY4 MY5 MY1 MY2 MY3 MY4 MY5
Dimension

BF Width (ft) 19.62 19.47 18.47 18.76 18.49 29.30 37.17 30.77 30.67 31.08 26.95 25.26 24.49 27.17 21.79
BF Mean Depth (ft) 1.67 1.53 1.53 1.40 1.51 1.39 1.15 1.27 1.14 1.24 1.38 1.52 1.47 1.24 1.45
Width/Depth Ratio 11.7 12.7 12.1 13.5 12.3 21.0 32.3 24.3 26.8 25.1 19.6 16.7 16.6 21.9 15.1

BF Cross-sectional Area (ft²) 32.8 29.9 28.3 26.2 27.9 40.9 42.7 39.0 35.1 38.5 37.1 38.3 36.1 33.8 31.5
BF Max Depth (ft) 2.60 1.53 2.02 2.00 2.05 2.78 2.82 2.58 2.36 2.58 2.66 2.56 2.47 2.16 2.24

Width of Floodprone Area (ft) 118.59 123.64 123.76 123.66 123.78 117.85 117.78 117.81 116.84 117.75 124.88 124.89 124.86 124.86 124.91
Entrenchment Ratio 6.0 6.3 6.7 6.6 6.7 4.0 3.2 3.8 3.8 3.8 4.6 4.9 5.1 4.6 5.7

Bank Height Ratio 1.0 1.0 1.0 1.1 1.2 1.2 1.0 1.1 1.1 1.0 1.0 1.0 1.0 1.1 1.1
Wetted Perimeter (ft) 22.96 22.53 21.53 21.56 21.51 32.08 39.47 33.31 32.95 33.56 29.71 28.3 27.43 29.65 24.69
Hydraulic Radius (ft) 1.429 1.327 1.314 1.215 1.297 1.275 1.082 1.171 1.065 1.147 1.249 1.353 1.316 1.140 1.276

Substrate
d50 (mm)
d84 (mm)

Morphology and Hydraulic Monitoring Summary 
Duke Swamp Tributary Site: EEP Contract No. D06065-A

Parameter
Cross-section 1 Cross-section 2 Cross-section 3 Cross-section 4

Riffle Pool Riffle Pool

Parameter
Cross-section 5 Cross-section 6 Cross-section 7

Riffle Pool Riffle

tmbaumgartner
Text Box
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1 2 3 4 5 6 7 8 9 10 11 12

Betula nigra 1 3 6 1 11
Celtis laevigata 1 1
Fraxinus pennsylvanica 2 2
Nyssa sylvatica 3 2 10 6 1 4 2 28
Platanus occidentalis 4 4 1 2 11
Quercus lyrata 3 3 2 3 1 2 1 15
Quercus michauxii 1 2 3
Quercus phellos 1 4 4 9
Taxodium distichum 13 3 5 3 7 1 2 34
 S tems/plot 18 6 12 8 18 12 12 10 9 1 4 4 114
 S tems/acre Year 5 728 243 486 324 728 486 486 405 364 40 162 162 384
 Stems/acre Year 4 728 364 526 364 162 526 486 364 364 40 162 121 351
 S tems/acre Year 3 728 364 526 364 121 607 445 445 364 0 202 81 354
 S tems/acre Year 2 647 320 526 647 364 607 567 526 364 0 202 121 408
 S tems/acre Year 1 688 121 607 405 81 202 526 486 364 0 364 40 320
 S tems/acre Initial 688 607 647 688 769 728 688 850 1012 769 607 607 722
* Bold - Year 5 vegetation data final counts

Stem Count for Each Species Arranged by Plot

Duke Swamp Tributary Site:  EEP Contract No. D06065-A

Tree Species
Plots Year 5 

Totals
Average 

Stems/acre

Date of Data Collection 
Date of Occurrence of 

Bankfull Event
Method of Data 

Collection
Bankfull Height 

(feet) *
Year 1 (3/13/2008) 3/7/2008 Crest Gauge 2.00
Year 2 (11/18/2009) 11/12/2009 Crest Gauge 2.12
Year 3 (10/6/2010) 10/1/2010 (Tropical Storm) Crest Gauge 3.54
Year 4 (8/30/2011) 8/28/2011 (Hurricane Irene) Crest Gauge 2.90
Year 5 (6/7/2012) 5/16/2012 Crest Gauge 2.28
* Bold - highest yearly bankfull event for reach

Duke Swamp Tributary Site: EEP Contract No. D06065-A

Summary of Highest Bankfull Events UT1a
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EEP Recommendation and Conclusion  
 
   
The Duke Swamp Tributary Site has completed 5 years of successful monitoring.  Each 
parameter for success has been achieved, with exception to the vegetation plots as discussed 
below.  
 
Wetland data recorded each year of the five-year monitoring period, demonstrated that all five 
installed monitoring wells recorded hydroperiods greater than 8 percent during each growing 
season.  This success is accredited to the higher local water table as a result of the Site’s 
restoration and periodic backwater conditions from Duke Swamp.  
 
The vegetation success criteria require that the Site exhibit a surviving tree density of at least 260 
five-year-old trees per acre at the end of the five-year monitoring period.  In spite of the 
vegetative issues experienced on the Site throughout the monitoring period, the Year 5 
vegetation data showed that the Site displays a planted stem density of 384 stems per acre, 
meeting overall success criteria.  This density total includes the low stem counts observed in 
vegetation plots 10, 11 and 12.  Further, it should be noted that the thick herbaceous vegetation 
in this area is providing increased filtration of flood waters as compared to those areas that are 
more dominated by woody stems.  It is expected that given enough time, the lower portion of the 
Site will develop characteristics of a more established and higher functioning wetland comprised 
of small shrubs and trees.  
 
EEP recommends that the Site be closed generating 5,382 Stream Mitigation Units (SMUs) and 
15.8 Wetland Mitigation Units (WMUs). 
 
 
 

 
Contingencies 
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Existing Conditions Photos 
 

UT1a - view downstream  Wetland Enhancement Area #2

UT1a – View upstream  UT1a – Downstream at farm culvert 

Wetland Enhancement Area #3 UT2 – View upstream 
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Year 5 Photos 
 

 
 
 
 

UT1a - view downstream  Wetland Enhancement Area #2

UT1a – View upstream  UT1a – Downstream at farm culvert 

Wetland Enhancement Area #3 UT2 – View downstream 



APPENDIX A - Watershed Planning Summary 
 

 
Page 16 of 19 

 

Duke Swamp project is not within a Targeted Local Watershed. 
 
 



Appendix B.  Land Ownership and Protection 

SITE PROTECTION INSTRUMENT 

 
The land required for the construction, management, and stewardship of this mitigation project 
includes a portion of the following parcels. 

 

Grantor  County 
Site Protection 
Instrument 

Deed Book & 
Page Number 

Acreage 
protected 

 
Emmitt Earl Parker, Jr. et al 
 

Gates 
Conservation 
Easement 

256/903  25.44 

 

http://www.nceep.net/GIS_DATA/PROPERTY/92544_DukeSwamp.pdf 

 

LONG-TERM MANAGEMENT PLAN 

 

Upon approval for close-out by the Interagency Review Team (IRT), the site will be transferred 
to the DENR Stewardship Program, which will be responsible for periodic inspection of the site 
to ensure that restrictions required in the conservation easement are upheld.   

 
 
 















































































Mitigation Project Name Duke Swamp
EEP IMS ID 92544
River Basin CHOWAN
Cataloging Unit 03010203

Applied Credit Ratios: 1:1 1.5:1 2.5:1 5:1 1:1 3:1 2:1 5:1 1:1 3:1 2:1 5:1 1:1 3:1 2:1 5:1 1:1 3:1 0.5:1 1:1 1:1
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Beginning Balance (feet and acres) 5,382.00 12.00 7.60
NCDOT Pre-EEP Debits (feet and acres): Not Applicable
EEP Debits (feet and acres):

DWQ Permit No USACE Action IDs CAMA Permit No Impact Project Name

2012-0296 2006-10391 92-12
NCDOT TIP R-2507A - 
US 13 163.00 12.00 7.60

Remaining Balance (feet and acres) 5,219.00 0.00 0.00

Information as of 3/17/2013




