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EXECUTIVE SUMMARY 

Michael Baker Engineering, Inc. (Baker) proposes to restore 4,687 linear feet (LF) of stream, and enhance 
3,952 LF of stream Thomas Creek and several unnamed tributaries. The Thomas Creek Restoration Project 
site (project) is located in Wake County, North Carolina (NC) (Figure 2.1), approximately 1.5 miles 
southwest of the Community of New Hill. The project is located in the Cape Fear River Basin within NC 
Division of Water Resources (NCDWR) subbasin 03-06-07 and in the Targeted Local Watershed (TLW) of 
Harris Lake (HU 03030004-020010), as listed by the NC Ecosystem Enhancement Program (NCEEP).  The 
purpose of the project is to restore and/or enhance stream and riparian buffer functions along impaired stream 
channels at the site. A recorded conservation easement consisting of 22.7 acres (Figure 3.1) will protect all 
stream reaches and riparian buffers in perpetuity. Examination of available hydrology and soil data indicate 
the project will potentially provide numerous water quality and ecological benefits within the Harris Lake 
subwatershed, as well as to the Cape Fear River Basin.   
   
Based on the NCEEP 2009 Cape Fear River Basin Restoration Priorities (RBRP) plan, the Thomas Creek 
Restoration Project area is located in an existing targeted local watershed (TLW) within the Cape Fear River 
Basin (2009 Cape Fear RBRP), and is located within the Middle Cape Fear / Kenneth and Parker Creeks 
Local Watershed Planning (LWP) area (LWP Fact Sheet). The restoration strategy as stated in the RBRP for 
the Cape Fear 03030004 8-digit Catalog Unit (CU) is to promote Low Impact Development, stormwater 
management, restoration and buffer protection in urbanizing areas, and buffer preservation elsewhere. 
 
The primary goals of the project are to improve ecologic functions through the restoration and enhancement 
of streams and buffers in a degraded, urbanizing area as described in the NCEEP 2009 Cape Fear RBRP, and 
are identified below:   
 

 Create geomorphically stable conditions along the unnamed tributaries throughout the site, 
 Protect and improve water quality by reducing streambank erosion, and nutrient and sediment inputs, 
 Restore stream and floodplain interaction by connecting historic flow paths and promoting natural 

flood processes,  
 Restore and protect riparian buffer functions and corridor habitat in perpetuity by establishing a 

permanent conservation easement, and 
 Improve aquatic and terrestrial habitat through improved substrate and in-stream cover, addition of   

woody debris, and reduction of water temperature. 
 
To accomplish these goals, the following objectives have been identified: 
 

 Restore existing incised, eroding, and channelized streams by providing them access to their relic 
floodplains,  

 Implement agricultural BMPs to reduce nonpoint source inputs to receiving waters, 
 Prevent cattle from accessing the conservation easement boundary by installing permanent fencing 

and thus reduce excessive streambank erosion and undesired nutrient inputs, 
 Enhance aquatic habitat value by providing more bedform diversity, creating natural scour pools and 

reducing sediment from accelerated streambank erosion, 
 Plant native species riparian buffer vegetation along streambank and floodplain areas, protected by a 

permanent conservation easement, to increase stormwater runoff filtering capacity, improve 
streambank stability and riparian habitat connectivity, and shade the stream to decrease water 
temperature, 

 Control invasive species vegetation within much of the project area and, if necessary, continue 
treatments during the monitoring period. 
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The proposed project aligns with overall NCEEP goals, which focus on sediment, nutrient and other non-
point source (NPS) pollutant management. Specific NCEEP RBRP goals include restoring streams and 
riparian areas, maintaining and enhancing water quality, increasing storage of floodwaters, and improving fish 
and wildlife habitat. The proposed natural channel design (NCD) approach will result in a stable riparian 
stream system that will reduce excess sediment and nutrient inputs to the Harris Lake subwatershed, while 
improving water quality conditions that support terrestrial and aquatic species, including priority species 
identified in the Cape Fear River Basin RBRP (NCEEP, 2009).   
 
This mitigation plan has been written in conformance with the requirements of the following: 
 

 Federal rule for compensatory mitigation project sites as described in the Federal Register Title 33 
Navigation and Navigable Waters Volume 3 Chapter 2 Section § 332.8, paragraphs (c)(2) through 
(c)(14). 

 NCDENR Ecosystem Enhancement Program In-Lieu Fee Instrument signed and dated July 28, 2010. 
 

These documents govern NCEEP operations and procedures for the delivery of compensatory mitigation. 
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Table ES.1   Thomas Creek Restoration Project Overview (Streams) 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Reach 
Design 

Approach 

Existing 
Reach  
Length 

(LF) 

Design 
Reach  
Length 

(LF) 

SMU 
Credit 
Ratio 

Potential 
SMUs 

Stationing

Comment 

 Unnamed Tributaries to Thomas Creek (Reaches R1, R2, R3, R4, R5, R6, R7, T1, T2) 

R1 R 397 266 1:1 266 
41+81 to 
44+47* 

Restoration will continue from Reach R2 with 
a Priority Level II approach to tie into existing 
bedrock at the downstream project extent. A 
single thread meandering channel will be 
constructed mostly in line with the existing 
channel; energy will be dissipated by 
incorporating a step pool sequence.  Work 
will include vegetation planting in disturbed 
riparian buffer areas, and permanent cattle 
exclusion fencing around the easement.   

R2 R 1,995 2,107 1:1 2,087 
20+74 to 
41+81* 

Restoration will follow a Rosgen Priority 
Level II approach initially but will transition 
to Priority Level I near the stream crossing.    
Priorty II is favored in the upstream portion of 
the reach due to the existing locations of 
mature trees. However, in the downstream 
section work will consist of raising the 
streambed elevation and constructing a new 
channel off-line. Work will also include 
planting native vegetation in disturbed 
riparian buffer areas and permanently 
excluding cattle from the easement with 
fencing.   

R3  
(downstream 

section) 
R 937 949 1:1 929 

11+30 to 
20+74* 

Restoration will primarly consist of Priority I 
restoration though there are sections where 
shallow Priority II will be implemented. The 
streambed will be raised along the upstream 
portion of the reach, and a bankfull bench, 
where necessary, will be graded to provide 
connection to a geomorphic floodplain.  

R3 
(upstream 
section) 

E II 130 130 5:1 26 
10+00 to 
11+30* 

Enhancement Level II will be implemented 
along the reach. A 50-foot riparian buffer will 
be planted with native vegetation along each 
bank and a conservation easement will be 
established. Invasive species will be removed 
throughout the buffer area.  

 
R4 

(downstream 
section) 

 

R 327 361 1:1 361 
10+10 to 
13+71* 

Restoration will follow a Rosgen Priority 
Level II approach. Work will involve a 
combination of raising a section of the 
streambed along the upstream portion of the 
reach, and grading a bankfull bench to provide 
connection to a geomorphic floodplain.  

R4 (upstream 
section) 

E II 870 870 10:1 87 
0+99 to 
9+69* 

Enhancement Level II will be implemented to 
plant a 50-foot riparian buffer on each bank 
and establish a conservation easement. 
Invasive species will not be removed per an 
agreement with the NCIRT. 
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R5 
(downstream 

section) 
R 883 1064 1:1 1044 

29+45 to 
40+09* 

Restoration will follow a Rosgen Priority 
Level I approach, and will involve a 
combination of raising the elevation of a 
section of streambed and constructing a new 
channel off-line. Work will also include 
planting native vegetation in disturbed 
riparian buffer areas and permanently 
excluding cattle from the easement with 
fencing. 

R5 
(upstream 
section) 

E II 137 137 5:1 27 
28+08 to 
29+45* 

Enhancement Level II will be implemented to 
plant a 50-foot riparian buffer on each bank 
and protect with a conservation easement. 
Invasive species will also be removed. 

R6  
(downstream 

section) 
E II 1618 1618 5:1 320 

12+10 to 
28+08* 

Enhancement Level II will be implemented to 
plant a 50-foot riparian buffer on each bank 
and establish a conservation easement. 
Invasive species will also be removed. 

R6  
(upstream 
section) 

E I 210 210 1.5:1 140 
10+00 to 
12+10* 

Work will follow an Enhancement Level I 
approach and will consist of the 
implementation of a step pool sequence and 
vertical bank grading, to include floodplain 
benches. Work will also include native 
vegetation planting in disturbed riparian 
buffer areas. A conservation easement will be 
established. 

R7  
(downstream 

section) 
E II 286 286 5:1 57 

13+60 to 
16+46* 

Enhancement Level II will be implemented to 
plant a 50-foot riparian buffer on each bank 
and protect with a conservation easement. 
Invasive species will also be removed. 

R7  
(upstream 
section) 

E II 360 360 2.5:1 144 
10+00 to 
13+60* 

Enhancement Level II is proposed for the 
reach. Work will include minor streambank 
sloping and stabilization, use of in-stream 
structures to provide grade control, and 
vegetation planting in disturbed riparian 
buffer areas. A conservation easement will be 
established.     

T1 E I 242 253 1.5:1 155 
10+00 to 
12+53* 

Initially, Enhancement Level I will be 
implemented to stabilize the channel. This  
will be followed a Rosgen Priority Level II 
approach and tie in to Reach R2.  Work will 
also include vegetation planting in disturbed 
riparian buffer areas. 

T2 E II 171 158 2.5:1 63 
10+00 to 
11+58* 

Enhancement Level II is proposed for the 
reach.  Work will include minor streambank 
sloping and stabilization, limited use of in-
stream structures, vegetation planting in 
disturbed riparian buffer areas, and permanent 
cattle exclusion fencing around the easement.  

Total   - 5,706 
*Note: Crossings have been removed from the potential 

SMUs provided in this table. 
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1.0 RESTORATION PROJECT GOALS AND OBJECTIVES 

The Thomas Creek Project is located in the Middle Cape Fear / Kenneth and Parker Creeks Local 
Watershed Plan (LWP) area (NCEEP, 2006; LWP Fact Sheet). The project site watershed includes 
Hydrologic Unit Code (HUC) 03030004-020010 which was identified as a Targeted Local Watershed 
(TLW) in EEP’s 2009 Cape Fear River Basin Restoration Priority (RBRP) Plan (NCEEP, 2009; 2009 
Cape Fear RBRP) and is identified in the Middle Cape Fear / Kenneth and Parker Creeks LWP Project 
Atlas (Atlas Reference Designation).  
 
EEP developed a local watershed plan for the 180 square mile drainage area that included land use 
analysis, water quality monitoring and stakeholder input to identify problems with water quality, habitat, 
and hydrology. The Middle Cape Fear / Kenneth and Parker Creeks LWP covered a large area so only a 
subset of the watershed received further assessment. Thomas Creek was in the portion of the LWP that 
did not undergo further evaluation and assessment. Additionally, the Harris Lake subwatersheds 
(including Thomas Creek) were excluded from the functional assessment process. Nutrient management 
was cited as a key concern for the management of Harris Lake, though it was determined to be outside of 
the relevant  scope of issues important to the rest of the study area.  
 
Animal operations, agricultural development, disturbance of natural riparian buffers (timber harvesting) 
and other various land-disturbing activities in the Thomas Creek subwatershed have negatively impacted 
both water quality and streambank stability along Thomas Creek and its various tributaries.  To improve 
watershed health, the 2009 Cape Fear RBRP emphasized the need for increased implementation of 
agricultural best management practices (BMPs) in the Thomas Creek watershed. Nutrients, sedimentation, 
streambank erosion, livestock access to streams, channel modification, and the loss of wetlands and 
riparian buffers were stressors observed by Baker staff within the watershed.   
 
The primary goals of the project, as described in the NCEEP 2009 Cape Fear RBRP, are to improve 
ecologic functions and to manage nonpoint source loading to the impaired reaches. These are identified 
below:   
 

 Create geomorphically stable conditions along the UTs throughout the site, 
 Protect and improve water quality by reducing nutrient and sediment inputs, 
 Restore stream and floodplain interaction by connecting historic flow paths and promoting natural 

flood processes,  
 Restore and protect riparian buffer functions and corridor habitat in perpetuity by establishing a 

permanent conservation easement, and 
 Improve aquatic habitat through improved substrate and in-stream cover, addition of woody 

debris, and reduction of water temperature. 
 
To accomplish these goals, the following objectives have been identified: 

 Restore existing incised, eroding, and channelized streams by providing them access to their relic 
floodplains, 

 Implement agricultural BMPs to reduce nonpoint source (NPS) loading to receiving waters, 
 Prevent cattle from accessing the conservation easement boundary by installing permanent 

fencing and thus reduce excessive streambank erosion and undesired nutrient inputs, 
 Enhance aquatic habitat value by providing more bedform diversity, creating natural scour pools 

and reducing sediment from accelerated streambank erosion, 
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 Plant native species riparian buffer vegetation along streambank and floodplain areas, protected 
by a permanent conservation easement, to increase stormwater runoff filtering capacity, improve 
streambank stability and riparian habitat connectivity, and shade the stream to decrease water 
temperature, 

 Control invasive species vegetation within much of the project area and, if necessary, continue 
treatments during the monitoring period. 
 

The proposed project aligns with overall NCEEP goals, which focus on restoring streams and riparian 
value by maintaining and enhancing water quality, increasing storage of floodwaters, and improving fish 
and wildlife habitat, as well as specific NCEEP RBRP goals including, but not limited to, nutrient and 
other nonpoint source pollutant management. The proposed natural channel design (NCD) approach will 
result in a stable riparian stream system that will reduce excess sediment and nutrient inputs to the 
Thomas Creek subwatershed, while improving water quality conditions that support terrestrial and aquatic 
species, including priority species identified in the Cape Fear River Basin RBRP (NCEEP, 2009).   
 
The project will involve the restoration and enhancement of a rural Piedmont stream system (USACE, 
2010, Schafale et al., 1990) which has been impaired due to past agricultural conversion and cattle 
grazing. Due to the productivity and accessibility of these smaller stream systems, many have experienced 
heavy human and cattle disturbance. Though the upper portion of the mainstem (Reach R3) has a narrow 
wooded buffer, some sections have become highly unstable and are experiencing active widening and 
downcutting. The lower mainstem (Reaches R1 and R2) flows through active pasture, and is downcutting 
and widening as it seeks to reestablish stable stream pattern. 
 
Restoration practices will include raising the existing streambed elevation, reconnecting the stream to its 
relic floodplain, and restoring natural overbank flows to areas previously drained by ditching activities.  
The existing channels to be abandoned within the restoration areas will be partially filled to decrease 
surface and subsurface drainage and raise the local water table. Permanent cattle exclusion fencing will be 
installed around all proposed reaches and riparian buffers where cattle have access (R1, R2, lower R5, 
upper R4, T1, and T2). Vegetation buffers in excess of 50 feet will be established along both sides of the 
reaches and a conservation easement consisting of 22.7 acres (AC) will be recorded protect the site in 
perpetuity.   
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2.0 SITE SELECTION 

2.1 Project Description  
The Thomas Creek Restoration Project (project) is located in Wake County, North Carolina (NC) 
(Figure 2.1), approximately 1.5 miles southwest of the Community of New Hill, as shown on the 
Project Site Vicinity Map (Figure 2.1).  To access the site from Raleigh, take Interstate 40 and head 
south on US-1 towards Sanford, for approximately 12 miles.  Take the ramp for Exit 89 to New 
Hill/Jordan Lake. At the end of the ramp turn right on New Hill-Holleman Rd. and continue for 0.8 
miles to the stop sign at Old US Highway 1. Turn left on Old US Highway 1 and continue 1.1 miles 
before turning left on Shearon Harris Rd.  The destination will be on the right in 0.5 miles. Turn right 
onto the gravel road and continue to the end to park among the farm buildings. The restoration site is 
to the west.  

The project site is located in the NC Division of Water Resources (DWR) subbasin 03-06-07 of the 
Cape Fear River Basin (Figure 2.2) and includes numerous unnamed tributaries (UTs) to Thomas 
Creek. Soils and topographic information (Figures 2.2, 2.3, 2.4, 2.5, and 2.6) indicate that the project 
reaches are underlain by Wehadkee and Bibb soils, which are frequently flooded  and considered 
hydric. See Figure 2.3 for soil conditions outside of the floodplain area. Note that the GIS soils layer 
in Figure 2.3 does not line up well with the streams and conservation easement; however, the NRCS 
1970 Wake County soil survey confirms that the floodplain soils for all of the project reaches are 
Wehadkee and Bibb soils. 

Project Reaches R1, R2, R3, R4, and T1 are shown as dashed blue-line streams on the USGS 
topographic quadrangle map (Figure 2.2a). Project Reaches R5, R6, R7, and T2 are not shown as 
blue-line streams, dashed or solid. Reaches R1, R2, R3, and R4 are listed as perennial streams within 
the project limits on the 1970 Wake County Soil Survey. The remaining reaches are all shown in the 
Soil Survey maps and are listed as intermittent, unclassified streams. The presence of historic valleys 
for each of the project stream systems can be seen from LIDAR imagery for the site (Figure 2.8) and 
was confirmed during field investigations. 

Field evaluations of intermittent/perennial stream status were made in late March 2012. These 
evaluations were based on NC Division of Water Resources (NCDWR) Methodology for 
Identification of Intermittent and Perennial Streams and Their Origins, (v 4.11) stream assessment 
protocols. Table 1 below presents the results of the field evaluations along with the assessed status of 
each project reach. Figure 2.2b shows the intermittent and perennial sections of the project reaches 
based on the field evaluations. Copies of the NCDWR classification forms are located in Appendix B.   

Table 1.   Summary Information for Field Investigations to Determine Intermittent/Perennial Status 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Project 
Reach 

Designation 

Existing Project 
Reach Length 

(ft) 

NCDWR Stream 
Classification Form 

Score 

Watershed Drainage 
Area (acres) 1 

Stream Status 
Based on Field 

Analyses 
R1 397 37.5 246 Perennial 

R2 1,995 38 176 Perennial 

R3 1,067 37  / 25 68 
Perennial / 
Intermittent 

R4 1,197 31 36 Perennial 
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Note 1:  Watershed drainage area was approximated based on USGS topographic (NC Streamstats) and 
LIDAR information at the downstream end of each reach.  

The project site is located in the middle of the Durham-Sanford Triassic subbasin (Figure 2.1). This is 
part of the Chatham Group, which consists of sedimentary rock, including conglomerate, 
fanglomerate, sandstone, and mudstone. Observations by field staff in the watershed indicate that the 
project area has sandstone and mudstone; as such, fine grained sediment is prevalent, and material 
coarser than gravel is essentially absent. Bedrock is evident in isolated locations, which provides 
grade control for the streams in those locations.  

The geomorphic setting is at the headwaters of the Thomas Creek subwatershed. Many of the project 
reaches are zero- or first-order. The zero-order streams include Reaches R6, R7, and T2, and the first-
order streams include Reaches R3, R4, and T1. Reaches R2 and R5 are a second-order stream and 
Reach R1 is a third-order stream. The floodplains are generally narrow, though Reaches R5, R2, and 
R1 have wider available floodplains, which are typically inactive due to incision and channelization. 

2.1.1 Historical Land Use and Development Trends 

The project is situated in a rural area of southern Wake County (project watershed percent 
impervious cover less than 5 percent). The majority of the land use within the project watershed is 
comprised of a mix of forested and active agricultural (cropland and pasture) lands. Residential, 
urban, and transportation uses make up a small percentage of the remaining land use. Figure 2.2 
shows the topography of the watershed for the project area. Soils data for the project are shown in 
Figure 2.3. The project area (proposed conservation easement area) encompasses 22.7 acres of land 
that includes agricultural fields, cattle pastures, clear cuts, riparian wetlands, and narrow forested 
buffer lands (Figure 2.4). Potential for land use change or future development in the area adjacent 
upstream to the conservation easement is moderate, given the proximity to the Research Triangle 
metropolitan area.   

Over time, channels have incised and the project reaches have become disconnected from their 
historic floodplain, while the riparian buffer has been cleared or narrowed in numerous locations to 
increase pastureland and harvest timber. These processes and practices have contributed excessive 
sediment and nutrient loading to the project reaches and their receiving waters: Thomas Creek, 
Harris Lake, and the Cape Fear River.   

2.1.2 Successional Trends and Watershed Overview  

To convert the land for agricultural use, landowners historically cleared portions of the mature 
forest and manipulated site streams to increase land for grazing and agriculture. According to the 
landowner, whose family purchased the property in 1915, early settlers moved the stream (Reaches 
R2 and R1) to one side of the valley in the 1800s to accommodate farming of the floodplain. The 
hummocky floodplain along Reach R2 appears to show where the excavated material had been 
deposited.   

A historical aerial photograph from 1938 (Figure 2.5) shows that the area had reverted to forestland 
and did not appear to be actively used for agriculture. However, a 1959 historical aerial photograph 

R5 1,020 31 53 Perennial 

R6 1,828 25 32 Intermittent 

R7 646 35 / 20 14 
Perennial / 
Intermittent 

T1 242 23.75 49 Intermittent 

T2 171 20.75 5 Intermittent 
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(Figure 2.6) shows the area around Reaches R1, R2, lower R5, T1, and T2 had been cleared again 
actively to be used for agriculture purposes (presumably pasture). This is the same area that is 
presently grazed (2014). A 1981 historical aerial photograph (Figure 2.7) shows the timber 
surrounding the remaining reaches (R3, R4, upper R5, R6, and R7) had been harvested in 1979.  In 
2011, much of the timber surrounding those same upper reaches (R3, R4, upper R5, R6, and R7) 
was harvested again, leaving a very narrow buffer (10 to 30 feet) along those stream channels. 
Figure 2.5 shows a 2012 aerial photograph with clearly narrow buffers.   

Each project reach has been heavily impacted from historic land use practices, predominantly cattle 
farming and forestry uses. Within the project area, approximately 90 percent of the streambanks 
have inadequate (less than 50 feet wide) riparian buffers in both the right and the left floodplains. 
Hoof shear and/or shear stress have severely impacted the streambanks along Reaches R1, R2, and 
R5. The lack of adequate and quality buffer vegetation, past land use disturbances, and current 
cattle activities present a significant opportunity for water quality and ecosystem improvements 
through the implementation of this project. 

Baker staff conducted field assessments that included an existing conditions survey and 
photographic documentation to evaluate and document the impacts of past land use management 
practices and current site conditions for each project stream reach. The existing conditions 
assessment is presented in Section 17.1.1. Sections 7 and 17 describe the restoration approaches 
proposed to achieve functional uplift and improve overall watershed health. 

The project site is located in the Triassic Basin (see Figure 2.1), which has notoriously erodible 
soils. Additionally, the project watershed has fairly steep slopes and high runoff rates, and when 
coupled with sand bed streams it makes for challenging conditions to conduct stream stabilization 
work. Baker has taken steps to reduce risk of post-construction erosion, including higher width-to-
depth ratios to reduce stream power and frequent riffle grade control structures to prevent head cuts 
from developing. Further discussion of the project approach is presented in Section 17.1.2.1 
Proposed Design Approach and Section 17.3 Sediment Transport Analysis.  
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2.2 Vicinity Map 
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2.3 Watershed Maps 
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2.4 Soils Map 
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2.5 Current Conditions Map 
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2.6 Historical Conditions Maps 
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2.7 LiDAR Map 

 



MICHAEL BAKER ENGINEERING, INC.                                                            PAGE 2-13                                                                           3/13/2015 
STREAM MITIGATION PLAN THOMAS CREEK RESTORATION PROJECT – FINAL 

2.8 Site Photographs 

2.8.1 Reach R1  

View looking at downstream end of project. Reach R1 is 
incised but has reached bedrock (4/16/2013) 

Close up of bedrock grade control at lower end of Reach R1 
(4/16/2013) 

   View looking at incised and eroding channel along Reach R1 
(4/16/2013) 

      View looking across Reach R1 at in incised channel with 
cattle crossing and minimal buffer (4/25/2013) 

   View looking downstream at channel incision with vertical 
eroding bank along Reach R1 (6/19/2014) 

View looking upstream at cross section of Reach 1 with 
channel    incision and eroding banks (4/22/13) 
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2.8.2 Reach R2 

View looking upstream at confluence of Reach R3 (left) and  
Reach R4 (right) to form Reach R2 (4/25/13) 

  View looking downstream at impacted riparian buffer and 
cattle access trails near middle of Reach R2 (5/21/13) 

Looking upstream at cross section R2a on lower Reach R2 
(5/21/13) 

  Looking upstream at cross section R2b on upper Reach R2 
(5/21/13) 

View looking at incised channel, eroding outside bend, and  
minimal buffer along lower Reach R2 (5/22/13) 

    Collecting sediment sample and assessing sediment 
composition at depth on upper Reach R2 (5/22/13) 
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2.8.3 Reaches R3 and R4 

Existing ford crossing on lower Reach R3 (5/8/2013) Eroding right bank along the middle Reach R3 (4/16/2013) 

View looking upstream on Reach R3 at left bank with bedrock 
and tree in center of channel (5/9/14) 

 View looking upstream at minimal buffer vegetation following 
2011 clear cut along Reach R3 (4/16/2013) 

Incised channel on lower Reach R4 targeted for restoration 
(5/22/13) 

View looking upstream at reference section of upper Reach R4
(2/7/14) 
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2.8.4 Reaches R5 and R6 

View looking upstream on Reach R5. Cattle trampling is 
evident (5/8/2013) 

     View looking upstream on Reach R5 at transition from 
forest to pasture (5/8/2013) 

Enhancement Level II section of upper Reach R5 (4/25/13)    View looking at proposed Enhancement Level II section of 
lower R6 (5/8/13) 

Incised channel targeted for enhancement on upper Reach R6 
(5/22/2013) 

 

View of riparian corridor on upper Reach R6 targeted for 
enhancement (5/22/2013) 
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2.8.5 Reaches R7, T1, and T2 

 View looking upstream along Reach R7. This area is targeted 
for supplemental buffer planting only. (5/8/13) 

     View looking upstream at incised channel on Reach R7 
(5/22/13) 

 View looking upstream along Reach T1 (& across Reach R2 
in foreground), which is targeted for enhancement. (5/9/14) 

     View looking downstream along Reach T1 at trampled 
banks and minimal buffer vegetation (4/17/14) 

Spring at head of Reach T2 (4/25/13) Cattle loafing at spring head on T2 (5/21/13) 
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3.0 SITE PROTECTION INSTRUMENT 

3.1 Site Protection Instrument Summary Information 
The land required for the construction, management, and stewardship of this mitigation project includes 
portions of the following parcels. A copy of the land protection instrument is included in Appendix A. 

Table 3.1   Site Protection Instrument Summary 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project 96074 

 Parcel 
Number 

Landowner PIN County 
Site Protection 

Instrument 
Deed Book and 
Page Numbers 

Acreage 
Protected 

CE-1 
Irvin Woodrow 

Goodwin 
0619268591 Wake Conservation 

easement 
15894 / 2170 1.51 

CE-2 
Irvin Woodrow 

Goodwin 
0619268591 Wake 

Conservation 
easement 15894 / 2170 6.52 

CE-3 
Irvin Woodrow 

Goodwin 
0619268591 Wake 

Conservation 
easement 15894 / 2170 6.01 

CE-4 
Irvin Woodrow 

Goodwin 
0619268591 Wake 

Conservation 
easement 15894 / 2170 0.10 

CE-5 
Irvin Woodrow 

Goodwin 
0619268591 Wake 

Conservation 
easement 15894 / 2170 1.12 

CE-6 
Irvin Woodrow 

Goodwin and Michael 
L. Goodwin 

0619368876 Wake 
Conservation 

easement 15894 / 2276 1.98 

CE-7 
Irvin Woodrow 

Goodwin 
0619268591 Wake 

Conservation 
easement 15894 / 2170 0.01 

CE-8 
Irvin Woodrow 

Goodwin 
0619268591 Wake 

Conservation 
easement 15894 / 2170 1.31 

CE-9 Michael L. Goodwin 0619473680 Wake 
Conservation 

easement 15894 / 2236 1.26 

CE-10 Michael L. Goodwin 0619473680 Wake 
Conservation 

easement 15894 / 2236 0.41 

CE-11 Michael L. Goodwin 0619473680 Wake 
Conservation 

easement 15894 / 2236 2.50 

Baker has obtained a conservation easement from the current landowners for the entire project area.  The 
easement and survey plat was reviewed and approved by NCEEP and State Property Office (SPO) and is now 
held by the State of North Carolina.  The easement and survey plat (Deed Book BM2015 / Pages 121-122) 
was recorded at the Alamance County Courthouse on January 16th, 2015.  The secured conservation easement 
allows Baker to proceed with the restoration project and restricts the land use in perpetuity.         

3.1.1 Potential Constraints 

No fatal flaws have been identified at the time of this mitigation plan. Five existing farm crossings along 
Reaches R3, R4, R5, R6, and T1 will be improved as part of this project. No existing or proposed easements 
for power and telephone utilities are located within the project boundary. Riparian buffer widths will be at 
least 50 feet from top of bank along all proposed streambanks (100 foot minimum total buffer width) for all 
of the stream reaches. In fact, many of the project buffers are more than 120 feet in total length. None of the 
proposed project reaches are located within a FEMA regulated floodplain (Figure 16.1); thus, FEMA 
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permitting or documentation is not required. Baker has notified the local floodplain administrator and 
learned that Wake County has requirements for a flood study and permit fees if culverts are installed 
(Appendix B). Consequently, Baker has decided that ford crossings will be used, which do not require flood 
studies or permit fees. Other regulatory factors discussed in Section 16, Appendix B were also not 
determined to pose potential site constraints.  Construction access and staging areas have been identified 
and will be determined during final design.   

3.2 Site Protection Instrument Figure 
The conservation easement for the project area is shown in Figure 3.1 and copies of the recorded survey plat 
will be included in Section 15, Appendix A. 
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 Figure 3.1   Site Protection Instrument Map 
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4.0 BASELINE INFORMATION 

Table 4.1   Baseline Information 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Project Information 

Project Name Thomas Creek Restoration Project 

County Wake 

Project Area (acres)  22.7 
Project Coordinates (latitude and 
longitude) 35.6636  N, -79.9547  W  

Project Watershed Summary Information 

Physiographic Province Piedmont 

River Basin Cape Fear 
USGS Hydrologic Unit 8-digit and 14-
digit 03030004 / 03030004020010 

NCDWR Sub-basin 03-06-07 

Project Drainage Area (acres) 246 (Reach R1 main stem at downstream extent)  

Project Drainage Area Percent Impervious <1%  

CGIA / NCEEP Land Use Classification 2.01.01.01, 2.03.01, 2.99.01, 3.02 / Forest (66%) Agriculture (19%) Impervious Cover (1%) 
Reach Summary Information 

Parameters Reach R1 Reach R2 Reach R3 Reach R4 Reach R5 

Length of Reach (linear feet) 397 1,995 1,067 342 1,020

Valley Classification (Rosgen) VII VII VII VII VII

Drainage Area (acres) 246 176 62 36 62

NCDWR Stream Identification Score 37.5 38 37 / 25 31 31

NCDWR Water Quality Classification C

Morphological Description 
(Rosgen stream type) 

Bc 
F (upstream)/ 

 Gc (downstream) 
Gc (upstream)/     

Bc (downstream) 
Bc Bc 

Evolutionary Trend  BcGcF BcGcF BcGcF BcGcF BcGcF 

Underlying Mapped Soils 
WoA WoA WoA WoA WoA 

Drainage Class Poorly drained Poorly drained Poorly drained Poorly drained Poorly drained

Soil Hydric Status Hydric Hydric Hydric Hydric Hydric

Average Channel Slope (ft/ft) 0.0165 0.0083 0.014 0.0102 0.0172

FEMA Classification N/A N/A N/A N/A N/A

Native Vegetation Community Piedmont Small Stream 
Percent Composition of Exotic/Invasive 
Vegetation <5% 25% <5% <5% <5% 

Parameters Reach R6 Reach R7 Reach T1 Reach T2  

Length of Reach (linear feet) 1,828 646 242 171  
Valley Classification (Rosgen) VII VII VII VII 
Drainage Area (acres) 32 14 49 5  

NCDWR Stream Identification Score 25 35/20 23.75 20.75  

NCDWR Water Quality Classification C 

Morphological Description 
(Rosgen stream type) 

G5c (upstream)/ 

B5c (downstream) 

G5 (upstream)/ 

B5c (downstream) 
B5c B5c  
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Table 4.1   Baseline Information 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Evolutionary Trend  BcGcF BcGcF BcGcF BcGcF  

Underlying Mapped Soils WoA WoA WoA WoA  

Drainage Class Poorly drained Poorly drained Poorly drained Poorly drained  

Soil Hydric Status Hydric Hydric Hydric Hydric  

Average Channel Slope (ft/ft) 0.015/0.025 0.025 0.020 0.041  

FEMA Classification N/A N/A N/A N/A  

Native Vegetation Community Piedmont Small Stream 
Percent Composition of Exotic/Invasive 
Vegetation <5% <5% <5% <5%  

Regulatory Considerations 

Regulation Applicable Resolved Supporting Documentation 

Waters of the United States – Section 404 Yes Yes Categorical Exclusion (Appendix B) 

Waters of the United States – Section 401 Yes Yes Categorical Exclusion (Appendix B)  

Endangered Species Act No N/A  Categorical Exclusion (Appendix B) 

Historic Preservation Act No N/A  Categorical Exclusion (Appendix B) 

Coastal Area Management Act (CAMA) No N/A  Categorical Exclusion (Appendix B) 

FEMA Floodplain Compliance No Yes  Categorical Exclusion (Appendix B) 

Essential Fisheries Habitat No N/A  Categorical Exclusion (Appendix B) 
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5.0 DETERMINATION OF CREDITS 

Table 5.1   Project Components and Mitigation Credits 
Thomas Creek Restoration Project Stream Mitigation Plan, Wake County - NCEEP Project No. 96074 

Mitigation Credits 

  
Stream Riparian Wetland 

Non-riparian 
Wetland 

Buffer 
Nitrogen 
Nutrient 

Offset 

Phosphoru
s Nutrient 

Offset 

Type R, E1, E2 R E       

Totals 5,706 SMU 0.0  0.0       

Project Components 

Project Component or  
Reach ID 

Stationing/ 
Location 

Existing 
Footage/ 
Acreage 

Approach 
Restoration or 

Restoration 
Equivalent 

Restoration 
Footage  

Mitigation 
Ratio 

Reach R1 41+81 – 44+47 397 LF Restoration 266 SMU R 1:1 

Reach R2 20+74 – 41+81 1,995 LF Restoration 2,087 SMU R 1:1 

Reach R3 (upstream section) 10+00 – 11+30 130 LF 
Enhancement 

Level II 
26 SMU 130 LF 5:1 

Reach R3 (downstream 
section) 11+30 – 20+74 937 LF Restoration 929 SMU R 1:1 

Reach R4 (upstream section) 0+99 – 9+59 870 LF 
Enhancement 

Level II 
87 SMU 870 LF 10:1 

Reach R4 (downstream 
section) 10+10 – 13+71 327 LF Restoration 361 SMU R 1:1 

Reach R5 (upstream section) 28+08 – 29+45 137 LF 
Enhancement 

Level II 
27 SMU 137 LF 5:1 

Reach R5 (downstream 
section) 29+45 – 40+09 883 LF Restoration 1,044 SMU R 1:1 

Reach R6 (upstream section) 10+00 – 12+10 210 LF 
Enhancement 

Level I 
140 SMU 210 LF 1.5:1 

Reach R6 (downstream 
section) 12+10 – 28+08 1,618 LF 

Enhancement 
Level II 

320 SMU 1,598 LF 5:1 

Reach R7 (upstream section) 10+00 – 13+50 360 LF 
Enhancement 

Level II 
144 SMU 360 LF 2.5:1 

Reach R7 (downstream 
section) 13+50 – 16+46 286 LF 

Enhancement 
Level II 

57 SMU 286 LF 5:1 

Reach T1 10+00 – 12+53 242 LF 
Enhancement 

Level I 
155 SMU 233 LF 1.5:1 

Reach T2 10+00 – 11+58 171 LF 
Enhancement 

Level II 
63 SMU 158 LF 2.5:1 

Component Summation 

Restoration Level Stream (LF) 
Riparian Wetland 

(AC) 
Non-riparian Wetland 

(AC) 
Buffer        
(SF) 

Upland 
(AC) 

    
Riverine 

Non-
Riverine       

Restoration 4,687         

Enhancement I 443           

Enhancement II 3,539           
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6.0 CREDIT RELEASE SCHEDULE 
All credit releases will be based on the total credit generated as reported by the as-built survey of the 
mitigation site.  Under no circumstances shall any mitigation project be debited until the necessary 
Department of the Army (DA) authorization has been received for its construction or the District Engineer 
(DE) has otherwise provided written approval for the project in the case where no DA authorization is 
required for construction of the mitigation project. The DE, in consultation with the NCIRT, will determine if 
performance standards have been satisfied sufficiently to meet the requirements of the release schedules 
below. In cases where some performance standards have not been met, credits may still be released depending 
on the specifics of the case. Monitoring may be required to restart or be extended, depending on the extent to 
which the site fails to meet the specified performance standard. The release of project credits will be subject 
to the criteria described in Table 6.1 as follows: 

 

 Table 6.1   Credit Release Schedule 
 Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Stream Credits 

Monitoring 
Year 

Credit Release Activity 
Interim 
Release 

Total 
Release 

0 Initial Allocation - see requirements below  30% 30% 

1 
First year monitoring report demonstrates performance standards               
are being met 10% 40% 

2 
Second year monitoring report demonstrates performance standards           
are being met 10% 

50% 

(60%*) 

3 
Third year monitoring report demonstrates performance standards                
are being met  10% 

60% 

(70%*) 

4 
Fourth year monitoring report demonstrates performance standards             
are being met  5% 

65% 

(75%*) 

5 
Fifth year monitoring report demonstrates performance standards               
are being met. 10% 

75% 

(85%*) 

6 
Sixth year monitoring report demonstrates performance standards               
are being met. 5% 

80% 

(90%) 

7 
Seventh year monitoring report demonstrates performance standards               
are being met and project has received closeout approval. 10% 

90% 

(100%) 

 

Initial Allocation of Released Credits  

The initial allocation of released credits, as specified in the mitigation plan can be released by the NCEEP 
without prior written approval of the DE upon satisfactory completion of the following activities:  

a. Approval of the Final Mitigation Plan  
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b. Recordation of the preservation mechanism, as well as a title opinion acceptable to the 
USACE covering the property  

c. Completion of project construction (the initial physical and biological improvements to the 
mitigation site) pursuant to the mitigation plan; Per the NCEEP Instrument, construction 
means that a mitigation site has been constructed in its entirety, to include planting, and an 
as-built report has been produced. As-built reports must be sealed by an engineer prior to 
project closeout, if appropriate but not prior to the initial allocation of released credits.  

d. Receipt of necessary DA permit authorization or written DA approval for projects where DA 
permit issuance is not required.  

 

Subsequent Credit Releases  

All subsequent credit releases must be approved by the DE, in consultation with the NCIRT, based on a 
determination that required performance standards have been achieved. For stream projects a reserve of 10% 
of a site's total stream credits shall be released after two bankfull events have occurred, in separate years, 
provided the channel is stable and all other performance standards are met. In the event that less than two 
bankfull events occur during the monitoring period, release of these reserve credits shall be at the discretion 
of the NCIRT. As projects approach milestones associated with credit release, the NCEEP will submit a 
request for credit release to the DE along with documentation substantiating achievement of criteria required 
for release to occur. This documentation will be included with the annual monitoring report. 
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7.0 MITIGATION WORK PLAN 

7.1 Target Stream Type(s), Wetland Type(s), and Plant Communities 

7.1.1 Target Stream Types 

The primary goal when targeting a stream type was to select a site-specific design approach that would 
return rural piedmont stream functions to a stable state prior to past disturbances. Current assessment 
methods and data analyses were utilized for identifying lost or impaired functions at the site and to 
determine overall mitigation potential. Among these are reviewing existing hydrogeomorphic 
conditions, historical aerials and LiDAR (Light Detection and Ranging) mapping, evaluating stable 
reference reaches, and a comparison of results from similar past projects in rural piedmont stream 
systems.   

After examining the assessment data collected at the site and exploring the potential for restoration, an 
approach was developed that would address restoration of stream functions within the project area.  
Topography and soils on the site indicate that the project area most likely functioned in the past as small 
tributary stream system, eventually flowing downstream into the larger Little White Oak Creek system, 
which is now the Harris Lake reservoir. Prior to selecting the proposed design approach, Baker 
considered assigning an appropriate stream type for the corresponding valley that also accommodates 
the existing and future hydrologic conditions, as well as sediment supply. This decision was based 
primarily on the desired performance of the stream of the channels given the valley slope and width.  

7.1.2 Target Wetland Types 

No wetland restoration or enhancement is included in this mitigation project.   

7.1.3 Target Plant Communities 

Native species riparian vegetation will be established in the riparian buffer throughout the site.  
Schafale and Weakley’s (1990) guidance on vegetation communities as well as the USACE Wetland 
Research Program (WRP) Technical Note VN-RS-4.1 (1997) were referenced during the development 
of riparian planting lists for the site. In general, bare root vegetation will be planted at a target density 
of 680 stems per acre. Live stakes will be planted along the channels at a targeted density of 40 stakes 
per 1,000 square feet. Using triangular spacing along the streambanks, the live stakes will be spaced 
two to three feet apart in meander bends and six to eight feet apart in the straight sections between the 
toe of the streambank and bankfull elevation. Site variations may require slightly different spacing. 
Baker prefers to have a row of livestakes near the toe in case of drought conditions, when baseflow may 
only sustain livestakes at that elevation.  

Invasive species vegetation, such as Chinese privet (Ligustrum sinense) and multiflora rose (Rosa 
multiflora) will be removed to allow native species plants to become established within the 
conservation easement. Larger native tree species will be preserved and harvested woody material will 
be utilized to provide streambank stabilization cover and/or nesting habitat. Hardwood species will be 
planted to provide the appropriate vegetation for the restored riparian buffer areas. Species will include 
tulip poplar (Liriodendron tulipifera), river birch (Betula nigra), arrowwood viburnum (Viburnum 
dentatum), persimmon (Diospyros virginiana), red maple (Acer rubrum), and swamp chestnut oak 
(Quercus michauxii).  

7.2 Design Parameters 
Selection of design criteria is based on a combination of approaches, including review of reference reach 
data, regime equations, evaluation of monitoring results from past projects, and best professional 
judgment.  Evaluating data from reference reach surveys and monitoring results from multiple Piedmont 
stream projects provided pertinent background information to determine the appropriate design 
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parameters given the existing conditions and overall site potential.  The design parameters for the site 
(shown in Section 17, Appendix C) also considered current guidelines from the USACE.  

 The restoration activities and structural elements are justified for the following reasons: 

1. Many of the stream sections are incised (Bank Height Ratios greater than 1.5) with active bank 
erosion.  

2. Cattle access has resulted in significant degradation through the lower reaches (Reaches R1, R2, T1, 
and lower R5) of the site; 

3. Past agricultural and silvicultural activities, such as channelization and timber harvesting, have 
resulted in streambank erosion, excessive sedimentation, and the loss of woody vegetation within the 
riparian zone; 

4. Enhancement or preservation measures alone would not achieve the highest possible level of 
functional lift for many portions of the degraded stream system.  

For design purposes, the stream channels were divided into nine reaches labeled Reaches R1, R2, R3, R4, 
R5, R6, R7, T1, and T2, as shown in Table 7.1.  Selection of a general restoration approach was the first 
step in selecting design criteria for the project reaches.  The approach was based on the potential for 
restoration as determined during the site assessment and the specific design parameters were developed so 
that plan view layout, cross-section dimensions, and profile could be described for developing 
construction documents. The design philosophy is to use these design parameters as conservative values 
for the selected stream types and to allow natural variability in stream dimension, facet slope, and bed 
features to form over long periods of time under the processes of flooding, re-colonization of vegetation, 
and watershed influences.   

 

Table 7.1   Project Design Stream Types 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Reach  
Proposed 
Stream Type 

Approach/Rationale 

Reach R1 C 

Restoration: Priority Level II Restoration will ensue below the confluence 
of Reaches R2 and R5 to tie into the existing bed elevation by the 
downstream extent of the project. The restored channel will be designed as 
a Rosgen C type channel. The existing channel will be stabilized and a 
floodplain benches will be incorporated along this reach. Riparian buffers 
in excess of 50 feet will be restored or protected along both sides of Reach 
R1.   

Reach R2 C 

Restoration: A combination of Priority Level I and II approaches will 
provide floodplain reconnection and long-term channel stability.  In upper 
Reach R2, below the confluence of Reaches R3 and R4, the existing 
channel is in the process of forming stable, but narrow and localized, 
floodplain benches. The existing pattern will be used with minor 
alterations to provide improved bedform diversity and floodplain benching 
will be incorporated to both widen and provide continuity throughout the 
reach.  
 
Once Reach R2 enters the open field (just downstream from Reach T2) it 
becomes less sinuous and lacks riparian buffer along the streambanks. 
Here, Priority Level I restoration will be targeted by constructing a Rosgen 
‘C’ stream type channel off line in order to reconnect the channel with its 
historic floodplain and restore adequate meander geometry.  
 
These restoration techniques will create a stable channel with appropriate 
bedform diversity, as well as improve channel function by improving 
aquatic habitat, increasing overbank flooding frequency, restorating 
riparian and terrestrial habitats, and excluding cattle from accessing the 
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Table 7.1   Project Design Stream Types 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Reach  
Proposed 
Stream Type 

Approach/Rationale 

stream.  The design width/depth ratio for the channel will be 14, and over 
time, the channel may narrow to an E-type channel due to deposition of 
sediment and streambank vegetation growth. Riparian buffers in excess of 
50 feet will be restored along both sides of Reach R2.   
 
A 20-foot wide ford stream crossing will be constructed near the transition 
from upper to lower Reach R2. Gates will be included to restrict livestock 
access to the crossing.  

Reach R3  
 

E/C 

Enhancement: Level II Enhancement will be implemented in the upper 130 
feet of Reach R3. The channel is mostly stable thoughout this upper 
section; however, the riparian buffer width is narrow. A 50-foot buffer will 
be planted on both sides of the existing channel, invasive species will be 
removed, and a conservation easement will protect the area in perpetuity.  
 
Restoration: The remaining downstream portion of Reach R3 will be 
restored using Rosgen Priority Level I and II Restoration. In the transition 
area from enhancement to restoration there is a significant headcut that has 
been restrained by trees roots. This headcut will be stabilized with a grade 
control log jam and restoration will continue below it. A restoration 
approach is warranted because the channel is incised and the streambanks 
are eroding, particularly on the outside of meander bends. The riparian 
buffer along Reach R3 will be planted with native riparian vegetation to a 
width of at least 50 feet from the top of the streambanks.   
 
An existing ford crossing at the lower end of Reach R3 will be enhanced. 
Cattle do not and will not have access to this crossing.   

Reach R4 
 

C 

Enhancement: Reach R4 begins as a stable, 870-foot reference-quality 
section; thus, Enhancement Level II is proposed. This will include 
supplemental planting to restore the riparian buffer and establishing 
conservation easement. Invasive species will not be removed per 
agreement with the NCIRT during the post-contract site visit. This 
agreement is due to a low credit ratio of 10:1 for this upper section. 
 
Restoration: The downstream portion of Reach R4 will be designed as a 
Rosgen ‘E/C’ stream type using Priority Level II restoration. Grade control 
structures will be implemented to dissipate flow energies and eliminate the 
potential for upstream channel incision. Channel banks will be graded to 
stable slopes, bankfull benches will be incorporated to promote stability, 
and the riparian vegetation will be reestablished.  This section of Reach R4 
will be designed as a Rosgen C type channel. The design width/depth ratio 
for the channel will be 13.  
 
Riparian buffers in excess of 50 feet will be restored along both sides of 
Reach R4 in its entirety. A stable existing ford crossing at the upper end of 
Reach R4 will remain. Cattle do not and will not have access to this 
crossing.   

Reach R5 
 

C 

Enhancement: Reach R5 begins as a stable channel; thus, Enhancement 
Level II will be incorporated in the upstream extent of the reach. Work will 
include supplemental native planting to restore the riparian buffer, invasive 
species control, and establishing a conservation easement to protect the 
reach. 
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Table 7.1   Project Design Stream Types 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Reach  
Proposed 
Stream Type 

Approach/Rationale 

Restoration: Priority Level I restoration will begin, approximately 145 feet 
from the origin of Reach R5 at an active headcut and will  continue 
throughout the remainder of Reach R5 to address an incised channel and 
eroding streambanks. The new channel will be constructed mostly off -
line. This approach will restore floodplain connections, will allow channel 
pattern to accommodate the preservation of desirable native species, and 
will restore natural channel functions.  
 
An existing ford crossing will be moved slightly upstream and improved. 
Gates will be included to restrict livestock access to the easement.  

Reach R6 Bc 

Enhancement: Due to a steep valley slope of 3.7%, Baker will stabilize 
approximately 210 feet of the upstream section of Reach R6 by 
implementing Level I Enhancement to form a floodplain bench near the 
existing channel elevation 
 
The stream channel on the lower 1,618 feet of Reach R6 is relatively stable 
despite typically high bank height ratios of greater than 2.5. Consequently, 
Baker proposes Enhancement Level II including supplemental planting, 
invasive species control, and conservation easement establishment to 
enhance and protect the reach.  
  
Riparian buffers in excess of 50 feet will be restored or enhanced along 
both sides of Reach R6. An existing stream crossing near the upstream end 
of Reach R6 will remain as part of the proposed project. Livestock will not 
have access to this area. 

Reach R7 
 

Bc 

Enhancement: The upstream section of Reach R7 is unstable and a headcut 
is actively migrating upstream. Level II Enhancement will be implemented 
in this section, Seven grade control structures will be used to promote 
channel stability and bedform diversity. Minor grading of isolated sections 
of the streambanks, as well as gully stabilization of a tributary ditch will be 
included. A credit ratio of 2.5:1 is proposed for the upper 360 feet of this 
reach.  
 
The lower section of Reach R7 will employ Level II Enhancement but the 
practices will focus on supplemental planting, invasive species control, and 
conservation easement establishment. The lower section is proposed at a 
lower 5:1 credit ratio.  
 
Riparian buffers in excess of 50 feet will be restored or enhanced along 
both sides of Reach R7. No stream crossings will be included on Reach 
R7.  

Reach T1 C 

Enhancement: Reach T1 is a tributary that has been historically re-routed 
to form a channelized ditch running perpendicular to the mainstem of 
Thomas Creek. Putting the stream back in its historic path is not feasible, 
however, due to a lateral constraint between the property line to the east 
and a need to provide a cattle crossing on the reach. 
 
A Level I Enhancement approach will be employed to form a step pool 
channel along T1 that will conform to the existing valley and allow flow 
energies to be dissipate vertically. The channel will continue off-line once 
it attains the Reach R2 floodplain. A 1.5:1 credit ratio is proposed for 
Reach T1. 
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Table 7.1   Project Design Stream Types 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Reach  
Proposed 
Stream Type 

Approach/Rationale 

 
Riparian buffers in excess of 50 feet will be restored along both sides of 
Reach T1. An existing ford crossing at the upstream end of Reach T1 will 
be improved and gates will be installed to eliminate livestock access to the 
stream and easement.  

Reach T2 Bc 

Enhancement: Reach T2 is a tributary that runs from a continuous spring to 
Reach R2. The channel is mostly impacted by heavy cattle use, though a 
headcut has migrated upstream and grade is currently held by tree roots. 
Baker will implement Level II Enhancement to provide grade control, to 
stabilize bank slopes, to exclude cattle from the reach, and to restore the 
riparian buffer. A 2.5:1 credit ratio is proposed for Reach T2 . 

7.3 Data Analysis 
Baker compiled and assessed watershed information such as drainage areas, historical land use, geologic 
setting, soil types, and terrestrial plant communities. The results of the existing condition analyses along 
with reference reach data from previous projects were used to develop a proposed stream restoration 
design for the project reaches. Numerous sections of the existing channels throughout the project have 
been straightened/channelized or moved in the past. This manipulation has impacted channels so that they 
are now overly wide and deep for their respective drainage areas. Additionally, detailed topographic 
surveys were conducted along the channel and floodplain to determine the elevation of the stream where 
it flows throughout property, and to validate the valley signatures shown on the LiDAR imagery (Figure 
2.6).   

The design approach follows a step-wise methodology in which dimensionless ratios from successful past 
project experience, and to a lesser extent reference reaches, are used to restore stable dimension, pattern, 
and profile, as well as proper bankfull sediment transport competency for the proposed reaches. The 
stream channel design included analysis of the hydrology, hydraulics, shear stress, sediment transport, 
and appropriate channel dimensions. Critical shear stress and boundary shear stress analyses were used 
verify that the design channels will not aggrade nor degrade.   

The Thomas Creek project includes several headwater reaches that are steeper and have narrow valleys. 
Often this setting may be associated with Bc stream types. However, the entrenchment ratio on the 
restored channels will be greater than 2.2, which makes either an E or a C channel. Though the channels 
will no longer be incised or entrenched, narrower valley widths and boundary conditions that prevented 
pattern adjustments commonly associated with C or E meander geometry. This typically translates to 
shorter riffles with higher slopes, and thus higher stream power. Higher stream power is ameliorated to 
some extent by increasing the width-to-depth ratios than the nearby reference reach. Additionally, 
constructing higher width-to-depth ratios (e.g., 11-14) will put less stress on the newly constructed 
streambanks. The channel may narrow with time as vegetation becomes established and if sediment 
deposits along the channel.  

The channel substrate throughout the project area is predominately sand with minimal gravel. 
Consequently, Baker collected bulk sediment samples in order to evaluate bed material characteristics, 
classify the stream type, and complete sediment transport and stability analyses.   

Regional curve equations, developed for the North Carolina Piedmont, (Harman et al., 1999) estimate a 
bankfull cross-sectional area of approximately 11.2 square feet for the downstream terminus of Reach 
R1’s 0.384 square mile watershed (see Appendix C, Table 17.5). Rosgen’s stream classification system 
(Rosgen, 1996) depends on the proper identification of the bankfull elevation. The existing upper and 
middle sections of the main stem (Reach R3 & R2) were classified as  channelized B5c-F5 stream types 
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based on their calculated entrenchment ratios (where the bankfull areas were based on an estimation of 
bankfull area from the published NC Piedmont regional curve), channel slope, and channel substrate 
(sand). Entrenchment ratios of greater than 1.4 put the channel in the Bc category though the channel is 
clearly incised with bank height ratios of 1.9 to 3.3.  

Bedform diversity and riffle/pool feature formation throughout the impaired reaches is poor and habitat 
diversity is minimal. The pools in the impaired project reaches are typically not noticeably deeper than 
the riffles. The riparian buffer vegetation is scattered and marginal along most the reach areas. Each 
stream displays limited meander geometry due to their current channelized conditions and valley 
formation.   

The existing and proposed conditions data indicate that the mitigation activities will result in the re-
establishment of a functional stream and floodplain ecosystem. The restoration and enhancement efforts, 
including site protection from a conservation easement, will promote the greatest ecological benefit, a 
rapid recovery period, and a justifiable and reduced environmental impact over a natural recovery that 
would otherwise occur through erosional processes with associated impacts on water quality and flooding.  
Currently, sediment, excess nutrients, and cattle excrement are entering the system from adjacent farm 
fields and pastures where existing riparian buffer widths are marginal or non-existent.  Reducing 
streambank sediment loading and removing cattle will provide ecological uplift by improving water 
quality and promoting the restoration of diverse aquatic and terrestrial habitats that are appropriate for the 
piedmont ecoregion and landscape setting.   

Additionally, by raising the streambed and reconnecting the active floodplains, the maximum degree of 
potential uplift will be provided, restoring stream, buffer, and wetland functions whenever possible.  
Uplift will also be provided to the system by improving and extending wildlife corridors that connect with 
wooded areas near the downstream extent of the project. The water quality of Thomas Creek will be 
improved by reducing nutrient and sediment inputs, and providing cattle exclusion fencing along all 
tributaries. Approximately 22.7 acres of riparian buffer will be restored and/or protected in perpetuity by 
a conservation easement.   
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8.0 MAINTENANCE PLAN 

The site will be monitored on a regular basis and a physical inspection of the site will be performed at least 
once a year throughout the post-construction monitoring period until performance standards are met. These 
site inspections may identify site components and features that require routine maintenance. Routine 
maintenance will be most likely in the first two years following site construction and may include the 
following components as described in Table 8.1: 

Table 8.1   Routine Maintenance Components 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 
Component/Feature Maintenance through project close-out 
Stream  Routine channel maintenance and repair activities may include modifying in-stream 

structures to prevent piping, securing loose coir matting, and supplemental installations of 
live stakes and other target vegetation along the project reaches. Areas of concentrated 
stormwater and floodplain flows that intercept the channel may also require maintenance to 
prevent streambank failures and head-cutting until vegetation becomes established.  

Wetland  N/A 

Vegetation  Vegetation will be maintained to ensure the health and vigor of the targeted plant 
community. Routine vegetation maintenance and repair activities may include supplemental 
planting, pruning, and fertilizing. Exotic invasive plant species will be controlled by 
mechanical and/or chemical methods. Any invasive plant species control requiring herbicide 
application will be performed in accordance with NC Department of Agriculture (NCDA) 
rules and regulations.  

Site Boundary  Site boundaries will be demarcated in the field to ensure clear distinction between the 
mitigation site and adjacent properties. Boundaries may be identified by fence, marker, 
bollard, post, or other means as allowed by site conditions and/or conservation easement. 
Boundary markers disturbed, damaged, or destroyed will be repaired and/or replaced on an 
as needed basis.  

Farm Road Crossing  The farm road crossings within the site may be maintained only as allowed by the recorded 
Conservation Easement, deed restrictions, rights of way, or corridor agreements.  

Beaver Management  Routine maintenance and repair activities caused by beaver activity may include 
supplemental planting, pruning, and dam breeching/dewatering and/or removal. Beaver 
management will be performed in accordance with US Department of Agriculture (USDA) 
rules and regulations using accepted trapping and removal techniques only within the project 
boundary. 
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9.0 PERFORMANCE STANDARDS 

Baker has obtained regulatory approval for numerous stream mitigation plans involving NCDOT and NCEEP 
full-delivery projects.  The success criteria for the project site will follow the mitigation plans developed for 
these projects, as well as the Stream Mitigation Guidelines (SMG) issued in April 2003 and October 2005 
(USACE and NCDWR) and NCEEP’s recent supplemental guidance document Monitoring Requirements and 
Performance Standards for Stream and/or Wetland Mitigation dated November 7, 2011. All monitoring 
activities will be conducted for a period of 7 years, unless the site demonstrates complete success by year 5 
and no concerns have been identified. An early closure provision may be requested by the provider for some 
or all of the monitoring components. Early closure may only be obtained through written approval from the 
USACE in consultation with the NCIRT. 

Based on the design approaches, different monitoring methods are proposed for the project reaches.  For 
reaches that involve a combination of traditional Restoration (Rosgen Priority Levels I and/or II) and 
Enhancement Level I (stream bed/bank stabilization) approaches, geomorphic monitoring methods will 
follow those recommended by the 2003 SMG and the 2011 NCEEP supplemental guidance. For reaches 
involving Enhancement Level II approaches, monitoring efforts will focus primarily on visual inspections, 
photo documentation, and vegetation assessments. The monitoring parameters shall be consistent with the 
requirements described in the Federal Rule for compensatory mitigation sites in the Federal Register Title 33 
Navigation and Navigable Waters Volume 3 Chapter 2 Section § 332.5 paragraphs (a) and (b). Specific 
success criteria components and evaluation methods are described below and report documentation will 
follow the NCEEP Baseline Monitoring Document template and guidance (v 2.0, dated 10/14/2010).   

Further description of the performance standards are provided below; however, a brief synopsis is listed here: 

 Two bankfull discharge events within a five year period (two events cannot be in the same calendar 
year) 

 Cross sections will be surveyed to demonstrate channel stability. 

 Pattern (planimetric survey) and profile (longitudinal profile survey) are measured as part of the 
baseline survey (year 0) and should be checked by visual monitoring in subsequent years. 

    One constructed riffle substrate sample will be compared to existing riffle substrate data collected 
during the design phase and any significant changes (i.e.; aggradation, degradation) will be noted 
after streambank vegetation becomes established and a minimum of two bankfull flows or greater 
have been documented. 

 At year five, planted tree stem density must be no less than 260, 5-year old, planted trees per acre. 
The final vegetative success criteria will be the survival of 210, 7-year old, planted trees per acre at 
the end of the seven-year monitoring period, which must average 10 feet in height. 

9.1 Stream Monitoring  
Geomorphic monitoring of the proposed restoration reaches will be conducted once a year for five to 
seven years following the completion of construction to evaluate the effectiveness of the restoration 
practices. Monitored stream parameters include stream dimension (cross sections), pattern (planimetric 
survey), profile (longitudinal profile survey), and visual observation with photographic documentation.  
The success criteria for the proposed Enhancement Level II reaches/sections will follow the methods 
described under Photo Reference Stations and Vegetation Monitoring.  The methods used and related 
success criteria are described below for each parameter. Figure 9.1 shows approximate locations of the 
proposed monitoring devices throughout the project site. 
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9.1.1 Bankfull Events and Flooding Functions 

The occurrence of bankfull events within the monitoring period will be documented by the use of 
pressure transducers and photographs. Three pressure transducers gauges will be installed on the 
floodplain within five to ten feet (horizontal) of the restored channel. Installing the instrument on the 
floodplain reduces the risk of it being washed away by stormflow. The instruments will record water 
depth and flow duration.  Photographs will be used to document the occurrence of debris lines and 
sediment deposition on the floodplain during monitoring site visits. 

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

9.1.2 Cross Sections  

Permanent cross sections will be installed at an approximate rate of one cross section per twenty 
bankfull widths or an average distance interval (not to exceed 500 LF) of restored stream, with 
approximately twelve (12) cross sections located at riffles, and five (5) located at pools. Each cross 
section will be marked on both streambanks with permanent monuments using rebar cemented in place 
to establish the exact transect used. A common benchmark will be used for cross sections and to 
facilitate easy comparison of year-to-year data. The cross-section surveys will occur in years one, two, 
three, five, and seven, and must include measurements of Bank Height Ratio (BHR) and Entrenchment 
Ratio (ER). The monitoring survey will include points measured at all breaks in slope, including top of 
streambanks, bankfull, inner berm, edge of water, and thalweg, if the features are present. Riffle cross 
sections will be classified using the Rosgen Stream Classification System. 

There should be little change in as-built cross sections. If changes do take place, they will be 
documented in the survey data and 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 streambanks, or decrease in width/depth ratio). Using 
the Rosgen Stream Classification System, all monitored cross sections should fall within the 
quantitative parameters (i.e. BHR no more than 1.2 and ER no less than 2.2 for ‘C’ stream types) 
defined for channels of the design stream type. Given the smaller channel sizes and meander geometry 
of the proposed steams, bank pins will not be installed unless monitoring results indicate active lateral 
erosion. 

Reference photo transects will be taken at each permanent cross section. Lateral photos should not 
indicate excessive erosion or continuing degradation of the streambanks. Photographs will be taken of 
both streambanks at each cross section. The survey tape will be centered in the photographs of the 
streambanks. The water line will be located in the lower edge of the frame, and as much of the 
streambank as possible will be included in each photo. Photographers shall make an effort to 
consistently maintain the same area in each photo over time. 

9.1.3 Pattern  

The plan view measurements such as sinuosity, radius of curvature, meander width ratio will be taken 
on newly constructed meanders during baseline (year-0) only. Subsequent visual monitoring will be 
conducted twice a year, at least five months apart, to document any changes or excessive lateral 
movement in the plan view of the restored channel.   

9.1.4 Longitudinal Profile 

A longitudinal profile will be surveyed for the entire length of restored channel immediately after 
construction to document as-built baseline conditions for the first year of monitoring only. The survey 
will be tied to a permanent benchmark and measurements will include thalweg, water surface, bankfull, 
and top of low bank. Each of these measurements will be taken at the head of each feature (e.g., riffle, 
pool) and at the maximum pool depth. The longitudinal profile should show that the bedform features 



MICHAEL BAKER ENGINEERING, INC.                                                                  PAGE 9-3 3/13/2015 
STREAM MITIGATION PLAN THOMAS CREEK RESTORATION PROJECT – FINAL  

installed are consistent with intended design stream type. The longitudinal profiles will not be taken 
during subsequent monitoring years unless vertical channel instability has been documented or remedial 
actions/repairs are deemed necessary. 

9.1.5 Bed Material Analyses 

After construction, there should be minimal change in the bulk sample data over time given the current 
watershed conditions and sediment supply regime. Significant changes in particle sizes or size 
distribution in otherwise stable riffles and pools could warrant additional sediment transport analyses 
and calculations. A substrate sample will be collected where certain constructed riffles are installed as 
part of the project. One constructed riffle substrate sample will be compared to existing riffle substrate 
data collected during the design phase and any significant changes (i.e.; aggradation, degradation) will 
be noted after streambank vegetation becomes established and a minimum of two bankfull flows or 
greater have been documented. 

9.1.6 Visual Assessment  

Visual monitoring assessments of all stream sections will be conducted by qualified personnel twice per 
monitoring year with at least five months in between each site visit. Photographs will be used to 
visually document system performance and any areas of concern related to streambank stability, 
condition of in-stream structures, channel migration, headcuts, live stake mortality, impacts from 
invasive plant species or animal species, and condition of pools and riffles. The photo locations and 
descriptions will be shown on a plan view map per NCEEP’s monitoring report guidance (v1.5, June 
2012).    

The photographs will be taken from a height of approximately five to six feet to ensure that the same 
locations (and view directions) at the site are documented in each monitoring period. A series of photos 
over time will be also be used to subjectively evaluate channel aggradation (bar formations) or 
degradation, streambank erosion, successful maturation of riparian vegetation, and effectiveness of 
sedimentation and erosion control measures.   

9.2 Vegetation Monitoring 
Successful restoration of the vegetation on a site is dependent upon hydrologic restoration, planting of 
preferred canopy species, and volunteer regeneration of the native plant community.  In order to 
determine if the criteria are achieved, vegetation-monitoring quadrants will be installed and monitored 
across the restoration site in accordance with the CVS-NCEEP Protocol for Recording Vegetation, 
Version 4.1 (Lee at al., 2007). The vegetation monitoring plots shall be a minimum of 2% of the planted 
portion of the site with a minimum of five (5) plots established randomly within the planted riparian 
buffer areas per Monitoring Levels 1 and 2. No monitoring quadrants will be established within the 
undisturbed wooded areas of Reaches R4, R5, R6, and R7. The size of individual quadrants will be 100 
square meters for woody tree species.   

Vegetation monitoring will occur in the fall, prior to the loss of leaves.  Individual quadrant data will be 
provided and will include species diameter, height, density, and coverage quantities. Relative values will 
be calculated, and importance values will be determined.  Individual seedlings will be marked such that 
they can be found in succeeding monitoring years. Mortality will be determined from the difference 
between the previous year's living, planted seedlings and the current year's living, planted seedlings. 

At the end of the first full growing season (from baseline/year 0) or after 180 days between March 1st and 
November 30th, species composition, stem density, and survival will be evaluated.  For each subsequent 
year, vegetation plots shall be monitored for seven years in years 1, 2, 3, 5 and 7 or until the final success 
criteria are achieved. The restored site will be evaluated between March and November. The interim 
measure of vegetative success for the site will require the survival of at least 320, 3-year old, planted trees 
per acre at the end of year three of the monitoring period. At year five, density must be no less than 260, 
5-year old, planted trees per acre. The final vegetative success criteria will be the survival of 210, 7-year 
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old, planted trees per acre at the end of the seven-year monitoring period, which must average 10 feet in 
height. However, if the performance standard is met by year 5 and stem densities are greater than 260, 5-
year old stems/acre, vegetation monitoring may be terminated with approval by the USACE and the 
NCIRT. 

While measuring species density and height is the current accepted methodology for evaluating 
vegetation success on mitigation projects, species density and height alone may be inadequate for 
assessing plant community health. For this reason, the vegetation monitoring plan will incorporate the 
evaluation of additional plant community indices, native volunteer species, and the presence of invasive 
species vegetation to assess overall vegetative success.   

Baker will provide required remedial action on a case-by-case basis, such as: replanting more wet/drought 
tolerant species vegetation, conducting beaver management/dam removal, and removing undesirable/ 
invasive species vegetation, and will continue to monitor vegetation performance until the corrective 
actions demonstrate that the site is trending towards or meeting the standard requirement. Existing mature 
woody vegetation will be visually monitored during annual site visits to document any mortality, due to 
construction activities or changes to the water table, that negatively impact existing forest cover or 
favorable buffer vegetation. 

Additionally, herbaceous vegetation, primarily native species grasses, will be seeded/planted throughout 
the site. During and immediately following construction activities, all ground cover at the project site 
must be in compliance with the NC Erosion and Sedimentation Control Ordinance. 

9.3 Wetland Monitoring 
No wetlands are proposed at the site therefore no such monitoring will be included. 

9.4 Stormwater Management Monitoring  
No stormwater BMPs are proposed at the site therefore no such monitoring will be included.  
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Figure 9.1   Proposed Monitoring Device Locations 
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10.0 MONITORING REQUIREMENTS 

Annual monitoring reports containing the information defined within Table 10.1 below will be submitted to 
NCEEP by December 31st  of the each year during which the monitoring was conducted.  The monitoring 
report shall provide a project data chronology for NCEEP to document the project status and trends, 
population of NCEEP databases for analysis, research purposes, and assist in decision making regarding 
project close-out.  Project success criteria must be met by the final monitoring year prior to project closeout, 
or monitoring will continue until unmet criteria are successfully met.  

Table 10.1   Monitoring Requirements 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Required Parameter Quantity Frequency Notes 

X Pattern 

As per April 2003 USACE 
Wilmington District 
Stream Mitigation 
Guidelines 

As-built Year 
and as needed 

Pattern data, including bank erosion pins/arrays in 
pool cross-sections, will be collected only if there 
are indications through profile and dimensional 
data that significant geomorphological 
adjustments occurred.  

X Dimension 

As per April 2003 USACE 
Wilmington District 
Stream Mitigation 
Guidelines and November 
2011 NCEEP Monitoring 
Requirements 

Monitoring 
Years 1, 2, 3, 5 
and 7  

Cross sections to be monitored over seven (7) 
years and shall include assessment of bank height 
ratio (BHR) and entrenchment ratio (ER).   

X Profile 
As per November 2011 
NCEEP Monitoring 
Requirements 

As-built Year 
and as needed 

For restoration or enhancement I components, 
3,000 linear feet or less, the entire length will be 
surveyed. For mitigation segments in excess of 
this footage, 30% of the length or 3,000 feet will 
be surveyed, whichever is greater.  

X Substrate 

As per April 2003 USACE 
Wilmington District 
Stream Mitigation 
Guidelines and November 
2011 NCEEP Monitoring 
Requirements 

Monitoring 
Years 1, 2, 3, 5 
and 7 

A substrate sample will be collected if constructed 
riffles are installed as part of the project. One 
constructed riffle substrate sample will be 
compared to existing riffle substrate data collected 
during the design phase. 

X 
Surface Water 
Hydrology 

As per April 2003 USACE 
Wilmington District 
Stream Mitigation 
Guidelines 

Annually 

A Crest Gauge and/or Pressure Transducer will be 
installed on site; the device will be inspected on a 
quarterly/semi-annual basis to document the 
occurrence of bankfull events on the project. 

X Vegetation NCEEP-CVS Guidance  
Monitoring 
Years 1, 2, 3, 5 
and 7 

Vegetation will be monitored using the Carolina 
Vegetation Survey (CVS) protocols. 

X 
Exotic and 
Nuisance 
Vegetation 

  Semi-Annually 
Locations of exotic and nuisance vegetation will 
be visually assessed and mapped a minimum of 5 
months apart. 

X Visual 
Assessment 

As per November 2011 
NCEEP Monitoring 
Requirements 

Semi-Annually 
and as needed 

Representative photographs will be taken to 
capture the state of the restored channel and 
vegetated buffer conditions.  Stream photos will 
be preferably taken in the same location when the 
vegetation is minimal to document any areas of 
concern or to identify trends. 

X 
Project 
Boundary  Semi-Annually 

Locations of fence damage, vegetation damage, 
boundary encroachments, etc. will be mapped  
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11.0 LONG-TERM MANAGEMENT PLAN 

Upon approval for close-out by the Interagency Review Team (IRT) the site will be transferred to a third 
party for long term management as described in EEP’s In Lieu Fee Instrument. This party shall be responsible 
for periodic inspection of the site to ensure that restrictions required in the conservation easement or the deed 
restriction documents (s) are upheld. Endowment funds required to uphold easement and deed restrictions 
shall be negotiated prior to site transfer to the responsible party. 
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12.0 ADAPTIVE MANAGEMENT PLAN 

Upon completion of site construction, NCEEP will implement the post-construction monitoring protocols 
previously defined in this document.  Project maintenance will be performed as described previously in this 
document. If, during the course of annual monitoring it is determined the site’s ability to achieve site 
performance standards are jeopardized, NCEEP will notify the USACE of the need to develop a Plan of 
Corrective Action. The Plan of Corrective Action may be prepared using in-house technical staff or may 
require engineering and consulting services. Once the Corrective Action Plan is prepared and finalized 
NCEEP will:  
 
1. Notify the USACE as required by the Nationwide 27 permit general conditions.  
2. Revise performance standards, maintenance requirements, and monitoring requirements as necessary 

and/or required by the USACE.  
3. Obtain other permits as necessary.  
4. Implement the Corrective Action Plan.  
5. Provide the USACE a Record Drawing of Corrective Actions.  This document shall depict the extent and 

nature of the work performed.  
 
 

 

 



MICHAEL BAKER ENGINEERING, INC.                                                                  PAGE 13-1 3/13/2015 
STREAM MITIGATION PLAN THOMAS CREEK RESTORATION PROJECT – FINAL  

13.0 FINANCIAL ASSURANCES 

Pursuant to Section IV H and Appendix III of the Ecosystem Enhancement Program's In-Lieu Fee Instrument 
dated July 28, 2010, the North Carolina Department of Environment and Natural Resources has provided the 
USACE-Wilmington District with a formal commitment to fund projects to satisfy mitigation requirements 
assumed by NCEEP. This commitment provides financial assurance for all mitigation projects implemented 
by the program. 
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14.0 OTHER INFORMATION 

14.1 Definitions 
This document is consistent with the requirements of the federal rule for compensatory mitigation sites as 
described in the Federal Register Title 33 Navigation and Navigable Waters Volume 3 Chapter 2 Section 
§ 332.8 paragraphs (c)(2) through (c)(14). Specifically the document addresses the following 
requirements of the federal rule:  

 (2) Objectives. A description of the resource type(s) and amount(s) that will be provided, the method of 
compensation (i.e., restoration, establishment, enhancement, and/or preservation), and the manner in 
which the resource functions of the compensatory mitigation project will address the needs of the 
watershed, ecoregion, physiographic province, or other geographic area of interest.  

 (3) Site selection. A description of the factors considered during the site selection process.  This should 
include consideration of watershed needs, onsite alternatives where applicable, and the practicability of 
accomplishing ecologically self-sustaining aquatic resource restoration, establishment, enhancement, 
and/or preservation at the compensatory mitigation site. (See § 332.3(d).)  

 (4) Site protection instrument. A description of the legal arrangements and instrument, including site 
ownership, that will be used to ensure the long-term protection of the compensatory mitigation site (see § 
332.7(a)).  

 (5) Baseline information. A description of the ecological characteristics of the proposed compensatory 
mitigation site and, in the case of an application for a DA permit, the impact site. This may include 
descriptions of historic and existing plant communities, historic and existing hydrology, soil conditions, a 
map showing the locations of the impact and mitigation site(s) or the geographic coordinates for those 
site(s), and other site characteristics appropriate to the type of resource proposed as compensation.  The 
baseline information should also include a delineation of waters of the United States on the proposed 
compensatory mitigation site. A prospective permittee planning to secure credits from an approved 
mitigation bank or in-lieu fee program only needs to provide baseline information about the impact site, 
not the mitigation bank or in-lieu fee site.  

(6) Determination of credits. A description of the number of credits to be provided, including a brief 
explanation of the rationale for this determination. (See § 332.3(f).)  

(7) Mitigation work plan. Detailed written specifications and work descriptions for the compensatory 
mitigation project, including, but not limited to, the geographic boundaries of the project; construction 
methods, timing, and sequence; source(s) of water, including connections to existing waters and uplands; 
methods for establishing the desired plant community; plans to control invasive plant species; the 
proposed grading plan, including elevations and slopes of the substrate; soil management; and erosion 
control measures.  For stream compensatory mitigation projects, the mitigation work plan may also 
include other relevant information, such as plan form geometry, channel form (e.g. typical channel cross-
sections), watershed size, design discharge, and riparian area plantings.  

(8) Maintenance plan. A description and schedule of maintenance requirements to ensure the continued 
viability of the resource once initial construction is completed.  

(9) Performance standards. Ecologically-based standards that will be used to determine whether the 
compensatory mitigation project is achieving its objectives. (See § 332.5.)  

(10) Monitoring requirements. A description of parameters to be monitored in order to determine if the 
compensatory mitigation project is on track to meet performance standards and if adaptive management is 
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needed. A schedule for monitoring and reporting on monitoring results to the district engineer must be 
included. (See § 332.6.)  

(11) Long-term management plan. A description of how the compensatory mitigation project will be 
managed after performance standards have been achieved to ensure the long-term sustainability of the 
resource, including long-term financing mechanisms and the party responsible for long-term 
management. (See § 332.7(d).)  

(12) Adaptive management plan. A management strategy to address unforeseen changes in site conditions 
or other components of the compensatory mitigation project, including the party or parties responsible for 
implementing adaptive management measures. The adaptive management plan will guide decisions for 
revising compensatory mitigation plans and implementing measures to address both foreseeable and 
unforeseen circumstances that adversely affect compensatory mitigation success. (See § 332.7(c).)  

(13) Financial assurances. A description of financial assurances that will be provided and how they are 
sufficient to ensure a high level of confidence that the compensatory mitigation project will be 
successfully completed, in accordance with its performance standards (see § 332.3(n)). 2) Objectives. A 
description of the resource type(s) and amount(s) that will be provided, the method of compensation (i.e., 
restoration, establishment, enhancement, and/or preservation), and the manner in which the resource 
functions of the compensatory mitigation project will address the needs of the watershed, ecoregion, 
physiographic province, or other geographic area of interest.  
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15.0 APPENDIX A - SITE PROTECTION INSTRUMENT 
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16.0 APPENDIX B - BASELINE INFORMATION DATA 

 

  



  

Meeting Minutes 
THOMAS CREEK RESTORATION PROJECT 

EEP Contract No. 5549 

Date Prepared:    October 18, 2013 

Meeting Date, Time, 
Location: 

 
October 9, 2013, 9:00 am 

On‐site (Wake County, NC) 

Attendees:   

USACE – Todd Tugwell, Tyler Crumbley, James Lastinger 

NCDWR – Eric Kulz, Jennifer Burdette, Ginny Baker 

NCEEP –Guy Pearce, Jeff Schaffer, Heather Smith 

Baker – Scott Hunt, Chris Roessler 

Subject:    Site visit w/ NCIRT 

Recorded By:    Chris Roessler 

 
An on‐site meeting was held on October 9th, 2013 to discuss the Thomas Creek Restoration (Full 
Delivery) Project in Wake County, NC.  The purposes of this meeting were to: 

1. Familiarize the NCIRT with the stream restoration project and discuss basic concepts for the 
proposed mitigation plan; 

2. Reach agreement on mitigation approaches and credit ratios for each project reach and section; 
3. Identify and discuss potential concerns/issues based on field observations.   

 
After introductions, Chris Roessler provided background approaches for the project.  Essentially, Baker 
proposes a watershed‐based approach to include nearly all of the intermittent and perennial reaches on 
the property, as well as enhancement and restoration to provide functional uplift. The site visit began in 
the middle of Reach R2 and proceeded in a generally clockwise direction around the project area. All of 
the project stream reaches (Reaches R1, R2, R3, R4, R5, R6, R7, T1, and T2) were observed and 
discussed. Observations and conclusions for each reach are noted below.  
 
Note: maps from the proposal and following this visit are included with this memo. 
 
Reach R2 (middle & lower) 
Group walked to middle of Reach R2 below wooded area and agreed with Priority 1 approach. After 
discussing Reach T1, the group continued down Reach R2 and agreed with continuing a Priority 1 
approach.  
 
Reach T1 
Initial discussion on T1 focused on whether this reach is jurisdictional or not. The soils are hydric but the 
channel morphology is not well defined. The USACE described draft mitigation target of 30 consecutive 
days of flow for a jurisdictional channel, as typically monitored by a pressure transducer. That 
requirement will not apply for this project.  
 
Recommendations were to keep channel at existing grade (instead of proposed Priority 1). The 
mitigation plan should discuss the goals and functional uplift to be provided if restoration is 
implemented. It was agreed that the Draft 30‐day flow standard would not apply to this feature, but it 
still would be required to meet/exceed jurisdictional standards for flow when restored.  The concern 
from the IRT was a removal from the groundwater if a PI approach was conducted.  Scott Hunt had 
mentioned perhaps utilizing trail cameras to document flow events in lieu of transducer 



implementation. The IRT is interested in this approach and the potential utility of this methodology. 
Baker will try to implement this methodology if the budget allows.  
 
The group moved slightly down valley and decided that a relic channel for T1 could be restored instead 
of the existing channel. The existing channel is perpendicular to the valley/Reach R2 and it will be filled. 
The plan will be for T1 to follow the relic channel below a farm crossing as Priority 2 and gradually come 
up to Priority 1 as it enters the design floodplain for Reach R2. 
 
The NCIRT noted wetland pockets in the relic channel. These should be delineated and quantified for the 
PCN; however, the impacts to them will be offset and considered  temporary because wetland pockets 
should develop around a restored T1 channel, particularly in the floodplain of Reach R2. 
 
Reach R1 
Baker pointed out where Reach R1 (below confluence of Reach R2 and R5) is expected to transition from 
Priority 1 to Priority 2 in order to match grade at the downstream end of the project area. Bedrock at 
the downstream end will provide a stable point for the restored channel to tie to existing grade. 
 
Reach R5 
The proposed Priority 1 approach was accepted by NCIRT. Discussion about a stream crossing at this 
location ensued and the NCIRT expressed a preference for culverted crossings and mentioned that 
crossings can be included in the easement if language is included to allow for approved uses.  
 
The group stopped at a headcut on upper Reach R5 to observe the transition point from restoration 
(downstream) to what was previously proposed as preservation (upstream). The NCIRT explained that 
the existing vegetation condition did not warrant preservation status and really what should be 
proposed is Enhancement Level II at a 5:1 credit ratio. This approach should be used on upper Reach R5, 
lower Reach R6, and lower Reach R7; supplemental planting should be done to bring the buffer width to 
50 feet on both sides of the channel. No channel work will be done along these reaches. 
 
Reach R7 
As discussed above, lower R7 will be enhanced using Enhancement Level II at 5:1 credit. Where shown 
on proposal maps as Enhancement Level II, approximately 100 feet upstream from confluence with R6, 
Baker will implement Enhancement Level II at 2.5:1 credit ratio. To attain this ratio, Baker will install 
grade control structures approximately every 150 feet and stabilize the eroding side gullies by installing 
additional grade control and bank stabilization measures. The grade control structures should maintain 
and increase development of the benches forming along the channel, as well as re‐wet some of the soils 
along the channel. As with all project reaches included for mitigation credit, 50‐foot buffers will be 
established. This Enhancement Level II section will extend upstream of the headcut where the group 
stopped to complete an NCDWQ stream form. The mitigation plan should justify the 2.5:1 credit ratio. 
The previously proposed preservation section located upstream from the headcut will be omitted from 
the project. 
 
Reach R6 
The group reconvened at the lower section of Reach R6 that was proposed for Enhancement Level II at 
2.5:1 credit ratio. The NCIRT concluded that though the reach is incised and has several headcuts, the 
streambanks are not actively eroding and the hydrology is not likely to induce problematic erosion. Thus 
it was concluded that the approach should be changed to Enhancement Level II at a 5:1 ratio. No 
channel work will be done along this reach. Invasive species vegetation removal and supplemental 
planting will be completed to bring the riparian buffer width to 50 feet beyond both streambanks.  
 
Continuing upstream on Reach R6, the NCIRT recommended Enhancement Level II at a 5:1 ratio through 
what had been previously proposed as preservation, the upstream extent of which is approximately 300 
feet above the existing stream crossing. Thus, all of Reach R6 up to this point will be implemented at 
Enhancement Level II at a 5:1 ratio. The uppermost approximately 265 feet of this section has low bank 



height ratios and unverified wetlands along it. However, just upstream from this stable section, the 
channel is degraded and eroding in numerous locations. The NCIRT accepted Baker’s proposal to 
implement Priority 1 restoration on the uppermost 200 feet of Reach R6 with the design target being 
similar to the stable and wet reach just below it, albeit with a high quality, planted buffer. 
 
 
Reach R3 
After a vigorous bushwhack across cutover terrain, the group reassembled on upper Reach R3. Similar to 
much of Reach R6, the NCIRT recommended Enhancement Level II at 5:1 ratio on upper Reach R3, 
instead of preservation as Baker proposed. Moving downstream, the 100 feet upstream from the closed 
stream crossing will be targeted for Enhancement Level I or possibly restoration. The channel begins to 
degrade and show eroding banks in this section. Baker will evaluate the survey data to determine if 
beginning restoration is appropriate upstream from the closed crossing.  
 
Below the closed stream crossing the group noted a wider floodplain, as well as a degraded and eroding 
stream channel. The NCIRT stated that they were OK with Enhancement Level I at 1.5:1, as proposed, or 
restoration, with a preference toward Priority 1 to provide functional uplift through floodplain wetting. 
Baker expressed interest in implementing stream restoration in this section beginning with Priority 2 
and transitioning to Priority 1 when the earthwork for the reach balances. The NCIRT agreed with this 
approach but cautioned that the existing condition survey would need to be analyzed in detail to 
determine if Enhancement Level I or restoration is most appropriate. 
 
Reach R4 
The group debated the appropriate credit ratio for Reach R4 after agreeing that an Enhancement Level II 
approach is warranted. Supplemental planting will be needed, particularly on the right bank, where the 
buffer is presently 10‐20 feet wide. The livestock exclusion fence will need to be moved to allow for a 
50‐foot buffer on the lower left to middle left bank. Todd Tugwell expressed a preference for 
Enhancement Level II at a 10:1 ratio and stated his general disfavor crediting of invasive species 
vegetation removal, considering that at the end of the project and beyond existing seed sources allow 
many of the invasive plant species to become re‐established. Baker accepted the 10:1 credit ratio but 
will not do invasive species removal in this reach. 50‐foot buffers will be established, with livestock 
exclusion fencing on the left side adjacent to existing pasture. 
 
The entire group did not walk along lower R4 but a restoration approach was tacitly accepted. Most of 
this section will need to be Priority 2 as the incised channel is brought up to grade. Baker should 
describe the functional uplift that will be attained through restoration in the mitigation plan. 
 
Reach R2 (upper) 
The group walked around to the origin of upper Reach R2 at the confluence of R3 and R4. Continuation 
of Priority 1 restoration is proposed in this section and the NCIRT accepted this approach. 
 
Reach T2 
This short reach begins at a spring at the base of a hill. Existing tree roots are providing grade control 
though the channel is steep and downcutting pressure is evident. The NCIRT recommended that 
Enhancement Level I at a 1:1 credit ratio. Baker will install a grade control structure where T2 ties into 
R2 at the R2 stream bank, and elsewhere, as appropriate. 
 
Contacts 
 

 Heather Smith will serve as the EEP Project Manager and main point of contact.  Chris Roessler 
will be the Baker Project Manager and coordinate/submit project deliverables directly with 
Heather Smith for distribution to all NCIRT team members. 

 
Action Items and Next Steps 
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16.1 USACE Routine Wetland Determination Forms – per 
regional supplement to 1987 Manual 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



From: Lastinger, James C SAW
To: Scott King
Subject: RE: Thomas Creek JD (UNCLASSIFIED)
Date: Tuesday, September 16, 2014 3:01:11 PM

Classification: UNCLASSIFIED
Caveats: NONE

Scott,

The maps submitted are accurate.  I have not issued a JD letter yet because I have not received surveys
to sign.  If you want me to issue a JD now I can, and then sign the surveys later once they come in.  It
is up to you.  I apologize for any confusion.

James Lastinger
Regulatory Specialist
Raleigh Regulatory Field Office
US Army Corps of Engineers, Wilmington District
ADDRESS: 3331 Heritage Trade Drive, Suite 105 Wake Forest, NC 27587
Tel: (919) 554-4884, x32
Fax: (919) 562-0421
Regulatory Homepage: http://www.saw.usace.army.mil/WETLANDS
The Wilmington District is committed to providing the highest level of support to the public.  To help us
ensure we continue to do so, please complete the Customer Satisfaction Survey located at
http://regulatory.usacesurvey.com/.

-----Original Message-----
From: Scott King [mailto:Scott.King@mbakerintl.com]
Sent: Wednesday, September 10, 2014 2:27 PM
To: Lastinger, James C SAW
Subject: [EXTERNAL] RE: Thomas Creek JD (UNCLASSIFIED)

Good afternoon James,
We are finalizing the Mitigation plan for Thomas Creek and in speaking with the EEP project manager,
she said that since we don't have any official, finalized permit or letter from the Corps yet, we should
consider including a short email statement from the project manager stating that the stream/wetland
determinations are approved as per the JD application.  I have included dated maps that you can
reference if you like.  I know this sounds a little casual, but she does understand our situation and says
from experience that it's good to have something that shows that the stream/wetland calls were
discussed agreed upon at this early stage.  She said she'd really just like a sentence or two saying you
agree with the findings presented in the JD application and as shown on the stream and wetland maps
dated 26 Aug 2014.  I'll try and get the same sort of statement from DWR.
Thank you very much for your time James, I appreciate it.
-Scott

-----Original Message-----
From: Lastinger, James C SAW [mailto:James.C.Lastinger@usace.army.mil]
Sent: Thursday, August 28, 2014 8:31 AM
To: Scott King
Subject: RE: Thomas Creek JD (UNCLASSIFIED)

Classification: UNCLASSIFIED
Caveats: NONE

Scott,

mailto:James.C.Lastinger@usace.army.mil
mailto:Scott.King@mbakerintl.com
http://www.saw.usace.army.mil/WETLANDS
http://regulatory.usacesurvey.com/
mailto:Scott.King@mbakerintl.com
mailto:James.C.Lastinger@usace.army.mil


From: Kulz, Eric 
To: Scott King 
Cc: Burdette, Jennifer a;  Baker,Virginia  

Subject: RE: Thomas Creek EEP mitigation site  

Date: Wednesday, August 27, 2014 12:35:02 PM 

 
 
 

Scott: 
 
 

Since the site is not in a buffered basin, we are OK with depending on the USACE jurisdictional 
calls for permitting.  I don’t see the need for another site visit, and frankly don’t think anyone 
from DWR can get out there any time soon. 

 
Thanks! 

 
 

From: Scott King [mailto:Scott.King@mbakerintl.com] 
Sent: Monday, August 25, 2014 2:37 PM 
To: Kulz, Eric 
Subject: Thomas Creek EEP mitigation site 

 

 
Hello Eric, 
In the course of getting a wetland/stream JD determination for the Thomas Creek EEP stream 
restoration mitigation site near New Hill in Wake County, the Corps representative (James 
Lastinger) declined the need for another field visit as he didn’t think there was anything 
controversial about 
the site and was fine with the submitted application and maps.  However, for inclusion in our 
mitigation plan we would also like a letter from DWR regarding the applicability of stream 
buffer and mitigation-requirement  rules.  We’ve usually just met the DWR rep in the field the 
same day as the Corps, but since we aren’t doing that in this case, I was wondering if someone 
from DWR would like to walk over the site with me one day to confirm?  Unless you don’t think 
it warrants a field visit either.  At the IRT walkover last October, you, Jennifer Burdette, and 
Ginny Baker were there from DWR.  We’re calling all the project streams jurisdictional, but I 
don’t believe they should be subject 
to any buffer rules as they’re a part of the Cape Fear 04 catalog unit (site flows into Shearon 
Harris reservoir, which empties into Buckhorn Creek then into the Cape Fear River).  Attached 
is an overview map of the project and easement, along with the original DWR stream forms.  
Of course I can provide you with any other information you need about the project, just let 
me know. 
Thank you very 
much, Scott King 
919-219-6339 

 
 
 

 

mailto:eric.kulz@ncdenr.gov
mailto:Scott.King@mbakerintl.com
mailto:Jennifer.Burdette@ncdenr.gov
mailto:virginia.baker@ncdenr.gov
mailto:Scott.King@mbakerintl.com
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16.2 NCWAM Forms – Existing Wetlands 
NC Wetland Assessment Method (NCWAM) Forms were not included for this project, 
as the NC Division of Water Resources and the USACE did not require them at the 
time this project was evaluated. 
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16.3 NCDWR Stream Classification Forms 
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Thomas Creek Intermittent/Perennial Break Descriptions: 

Reach R3 I/P Break description: 

The break occurs just below the location where an ephemeral tributary (not shown as a surveyed stream 

on our map, but clearly visible on aerial photos and from topographic lines) joins the primary 

intermittent channel.  The channel deepens from this point down. 

 

Reach R6 I/P Break description: 

The break occurs at a head‐cut located just below where a small drainage from the concave slope to the 

east (as identifiable from topographic lines) meets the surveyed channel.  Notable stream geomorphic 

changes are observed above the head‐cut in that the channel is shallower and narrower.    
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16.4 FHWA Categorical Exclusion Form 
  



  
Heather Smith        February 4, 2014 
North Carolina Department of Environment and Natural Resources 
Ecosystem Enhancement Program 
1652 Mail Service Center 
Raleigh, NC 27699-1652 
 
Subject:  NCEEP stream mitigation project in Wake County. 
 
Dear Ms. Smith, 
 
Please find enclosed two hard copies of the Categorical Exclusion (CE) for the Thomas 
Creek Restoration Project in Wake County, North Carolina.  The project site is located 
approximately 1.5 miles southwest of the community of New Hill, within North Carolina 
Department of Environment and Natural Resources (NCDENR) sub-basin 03-06-07 and the 
targeted local watershed 03030004-020010 of the Cape Fear River Basin.   
 
The proposed project is a full-delivery effort for the North Carolina Ecosystem 
Enhancement Program (EEP) in response to RFP#: 16-005020.  Project goals include the 
restoration and enhancement of nearly 8,400 feet of stream for the purpose of obtaining 
stream mitigation credit in the Cape Fear River Basin.  The project mitigation plan is under 
development, but based on estimates following the site visit with the IRT, it is anticipated to 
include 4,868 feet of Restoration, 248 feet of Enhancement 1, and 3,241 feet of 
Enhancement 2. 
 
Based on information from the US Fish and Wildlife Service (USFWS) and the North 
Carolina Wildlife Resources Commission (NCWRC) the following federally listed species 
have been found in Wake County (see Table 1).  As shown in the enclosed copies of letters 
to these agencies, the proposed project has been found to have no effect on any federally 
listed threatened or endangered species or the bald eagle.  In addition, neither of these 
agencies has replied with concerns about the project.  The enclosed documentation also 
covers correspondence with the North Carolina Historic Preservation Office (NC-HPO) or 
the Natural Resources Conservation Service (NRCS). 
 

Table 1. Federally Protected Species for Wake County. 

Scientific Name Common Name Federal Status 

Alasmidonta heterodon Dwarf Wedgemussel E 

Rhus michauxii Michaux’s Sumac E 

Picoides borealis Red-cockaded Woodpecker E 

Haliaeetus leucocephalus Bald Eagle BGEPA 
Notes:   E – Endangered denotes a species in danger of extinction throughout all or a 

significant portion of its range. 
              T – Threatened denotes a species that is likely to become an endangered species within 

the foreseeable future throughout all or a significant portion of its range. 
             BGPA – Bald and Golden Eagle Protection Act    



This project would be considered a “Ground-Disturbing Activity” and the entire CE 
“checklist” has been completed.  Please note that only one set of figures is included in the 
submittal; identical figures were sent to: USFWS, NCWRC, NC-HPO, and NRCS.  The 
actions associated with the construction of the referenced project have been determined not 
to individually or cumulatively have a significant effect on the environment.  Submission of 
this CE document fulfills the environmental documentation requirements mandated under 
the National Environmental Policy Act (NEPA; 40 CFR Parts 1500-1508).  If you have any 
questions, please feel free to contact me at 919-481-5735 or via email at 
kgilland@mbakercorp.com. 
 
 
Sincerely, 
 
 
 
Ken Gilland, P.G.  
Michael Baker Engineering, Inc.     
8000 Regency Parkway, Suite 200     
Cary, NC  27518 
Phone: (919) 481-5735  
Email: kgilland@mbakercorp.com 





Part 2: All Projects 
Regulation/Question Response 

Coastal Zone Management Act (CZMA)
1.  Is the project located in a CAMA county?  Yes 

 No 
2. Does the project involve ground-disturbing activities within a CAMA Area of 
Environmental Concern (AEC)? 

 Yes 
 No 
 N/A 

3. Has a CAMA permit been secured?  Yes 
 No 
 N/A 

4. Has NCDCM agreed that the project is consistent with the NC Coastal Management 
Program? 

 Yes 
 No 
 N/A 

Comprehensive Environmental Response, Compensation and Liability Act (CERCLA)  
1. Is this a “full-delivery” project?  Yes 

 No 
2. Has the zoning/land use of the subject property and adjacent properties ever been 
designated as commercial or industrial? 

 Yes 
 No 
 N/A 

3. As a result of a limited Phase I Site Assessment, are there known or potential 
hazardous waste sites within or adjacent to the project area? 

 Yes 
 No 
 N/A 

4. As a result of a Phase I Site Assessment, are there known or potential hazardous 
waste sites within or adjacent to the project area? 

 Yes 
 No 
 N/A 

5. As a result of a Phase II Site Assessment, are there known or potential hazardous 
waste sites within the project area? 

 Yes 
 No 
 N/A 

6. Is there an approved hazardous mitigation plan?  Yes 
 No 
 N/A 

National Historic Preservation Act (Section 106)
1. Are there properties listed on, or eligible for listing on, the National Register of 
Historic Places in the project area? 

 Yes 
 No 

2. Does the project affect such properties and does the SHPO/THPO concur?  Yes 
 No 
 N/A 

3. If the effects are adverse, have they been resolved?  Yes 
 No 
 N/A 

Uniform Relocation Assistance and Real Property Acquisition Policies Act (Uniform Act)
1. Is this a “full-delivery” project?  Yes 

 No 
2. Does the project require the acquisition of real estate?  Yes 

 No 
 N/A 

3. Was the property acquisition completed prior to the intent to use federal funds?  Yes 
 No 
 N/A 

4. Has the owner of the property been informed: 
* prior to making an offer that the agency does not have condemnation authority; and  
* what the fair market value is believed to be? 

 Yes 
 No 
 N/A 

Version 1.4, 8/18/05 7



 
 

 
Part 3: Ground-Disturbing Activities 

 

Regulation/Question Response 
American Indian Religious Freedom Act (AIRFA)

1. Is the project located in a county claimed as “territory” by the Eastern Band of 
Cherokee Indians? 

 Yes 
 No 

2. Is the site of religious importance to American Indians?  Yes 
 No 
 N/A 

3. Is the project listed on, or eligible for listing on, the National Register of Historic 
Places?  

 Yes 
 No 
 N/A 

4. Have the effects of the project on this site been considered?  Yes 
 No 
 N/A 

Antiquities Act (AA)
1. Is the project located on Federal lands?   Yes 

 No 
2. Will there be loss or destruction of historic or prehistoric ruins, monuments or objects 
of antiquity? 

 Yes 
 No 
 N/A 

3. Will a permit from the appropriate Federal agency be required?  Yes 
 No 
 N/A 

4. Has a permit been obtained?  Yes 
 No 
 N/A 

Archaeological Resources Protection Act (ARPA)
1. Is the project located on federal or Indian lands (reservation)?  Yes 

 No 
2. Will there be a loss or destruction of archaeological resources?  Yes 

 No 
 N/A 

3. Will a permit from the appropriate Federal agency be required?  Yes 
 No 
 N/A 

4. Has a permit been obtained?  Yes 
 No 
 N/A 

Endangered Species Act (ESA)
1. Are federal Threatened and Endangered species and/or Designated Critical Habitat 
listed for the county? 

 Yes 
 No 

2. Is Designated Critical Habitat or suitable habitat present for listed species?  Yes 
 No 
 N/A 

3. Are T&E species present or is the project being conducted in Designated Critical 
Habitat? 

 Yes 
 No 
 N/A 

4. Is the project “likely to adversely affect” the species and/or “likely to adversely modify” 
Designated Critical Habitat? 

 Yes 
 No 
 N/A 

5. Does the USFWS/NOAA-Fisheries concur in the effects determination?  Yes 
 No 
 N/A 

6. Has the USFWS/NOAA-Fisheries rendered a “jeopardy” determination?  Yes 
 No 
 N/A 
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Executive Order 13007 (Indian Sacred Sites)
1. Is the project located on Federal lands that are within a county claimed as “territory” 
by the EBCI? 

 Yes 
 No 

2. Has the EBCI indicated that Indian sacred sites may be impacted by the proposed 
project? 

 Yes 
 No 
 N/A 

3. Have accommodations been made for access to and ceremonial use of Indian sacred 
sites? 

 Yes 
 No 
 N/A 

Farmland Protection Policy Act (FPPA)
1. Will real estate be acquired?  Yes 

 No 
2. Has NRCS determined that the project contains prime, unique, statewide or locally 
important farmland? 

 Yes 
 No 
 N/A 

3. Has the completed Form AD-1006 been submitted to NRCS?  Yes 
 No 
 N/A 

Fish and Wildlife Coordination Act (FWCA)
1. Will the project impound, divert, channel deepen, or otherwise control/modify any 
water body? 

 Yes 
 No 

2. Have the USFWS and the NCWRC been consulted?  Yes 
 No 
 N/A 

Land and Water Conservation Fund Act (Section 6(f))
1. Will the project require the conversion of such property to a use other than public, 
outdoor recreation? 

 Yes 
 No 

2. Has the NPS approved of the conversion?  Yes 
 No 
 N/A 

Magnuson-Stevens Fishery Conservation and Management Act (Essential Fish Habitat)
1. Is the project located in an estuarine system?  Yes 

 No 
2. Is suitable habitat present for EFH-protected species? 
 

 Yes 
 No 
 N/A 

3. Is sufficient design information available to make a determination of the effect of the 
project on EFH? 

 Yes 
 No 
 N/A 

4. Will the project adversely affect EFH?  Yes 
 No 
 N/A 

5. Has consultation with NOAA-Fisheries occurred?  Yes 
 No 
 N/A 

Migratory Bird Treaty Act (MBTA)
1. Does the USFWS have any recommendations with the project relative to the MBTA?  Yes 

 No 
2. Have the USFWS recommendations been incorporated?  Yes 

 No 
 N/A 

Wilderness Act
1. Is the project in a Wilderness area?   Yes 

 No 
2. Has a special use permit and/or easement been obtained from the maintaining 
federal agency? 

 Yes 
 No 
 N/A 
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Ms. Kristin May      January 22, 2014 
Resource Soil Scientist 
530 West Innes Street 
Salisbury, NC 28144 
 
Subject:  Prime and Important Farmland Soils RE: NCEEP Project, Thomas Creek 

Stream Restoration Site, Wake County, NC 
 
Dear Ms. May: 
 
Enclosed please find a completed copy of the Farmland Conversion Impact Rating form 
(AD-1006) and associated mapping for the subject site.  Thank you for your assistance in 
developing the form, the final adds to the material you provided.  As stated in our 
previous correspondence, the site is located in Wake County between the Lake Jordan 
and Shearon Harris Reservoirs, southwest of the New Hill Community, as shown in 
Figure 1. This stream restoration site proposes to restore Thomas Creek, a tributary to the 
Shearon Harris Reservoir.   
 
Again, we appreciate your assistance with the project and hope you have a wonderful 
2014.  I would be glad to provide a hard copy of the final information if it would be better 
for you.  If you have any questions, please feel free to contact me at 
kgilland@mbakercorp.com or by phone at (919) 481-5735.  Thank you again for your 
assistance in this matter. 
 
Sincerely, 
 
 
 
Ken Gilland, P.G. 
Baker Engineering, NY, Inc. 
8000 Regency Parkway, Suite 600 
Cary, NC 27518 



U.S. Department of Agriculture

FARMLAND CONVERSION IMPACT RATING
PART I (To be completed by Federal Agency) Date Of Land Evaluation Request

Name Of Project Federal Agency Involved

Proposed Land Use County And State

PART II (To be completed by NRCS) Date Request Received By NRCS

Does the site contain prime, unique, statewide or local important farmland?
(If no, the FPPA does not apply -- do not complete additional parts of this form).

Acres Irrigated Average Farm Size

Major Crop(s) Farmable Land In Govt. Jurisdiction Amount Of Farmland As Defined in FPPA

Name Of Land Evaluation System Used Name Of Local Site Assessment System Date Land Evaluation Returned By NRCS

Yes       No
  

Acres: % %Acres:

PART III (To be completed by Federal Agency) Alternative Site Rating
Site A Site B Site C Site D

A. Total Acres To Be Converted Directly
B. Total Acres To Be Converted Indirectly
C. Total Acres In Site

PART IV (To be completed by NRCS)   Land Evaluation Information

A. Total Acres Prime And Unique Farmland
B. Total Acres Statewide And Local Important Farmland
C. Percentage Of Farmland In County Or Local Govt. Unit To Be Converted
D. Percentage Of Farmland In Govt. Jurisdiction With Same Or Higher Relative Value

PART V (To be completed by NRCS)   Land Evaluation Criterion
               Relative Value Of Farmland To Be Converted (Scale of 0 to 100 Points)

PART VI (To be completed by Federal Agency)  
Site Assessment Criteria (These criteria are explained in 7 CFR 658.5(b)

Maximum
Points

1. Area In Nonurban Use
2. Perimeter In Nonurban Use
3. Percent Of Site Being Farmed
4. Protection Provided By State And Local Government
5. Distance From Urban Builtup Area
6. Distance To Urban Support Services
7. Size Of Present Farm Unit Compared To Average
8. Creation Of Nonfarmable Farmland
9. Availability Of Farm Support Services

10. On-Farm Investments
11. Effects Of Conversion On Farm Support Services
12. Compatibility With Existing Agricultural Use

TOTAL SITE ASSESSMENT POINTS 160

PART VII (To be completed by Federal Agency)

Relative Value Of Farmland (From Part V) 100

Total Site Assessment (From Part VI above or a local
site assessment) 160

TOTAL POINTS (Total of above 2 lines) 260

Site Selected: Date Of Selection
Was A Local Site Assessment Used?

 Yes  No

Reason For Selection:

(See Instructions on reverse side) Form AD-1006 (10-83)
This form was electronically produced by National Production Services Staff



  
Renee Gledhill-Earley      December 27, 2013 
State Historic Preservation Office 
4617 Mail Service Center 
Raleigh, NC 27699-4617 
 

Subject:  EEP stream mitigation project in Wake County. 
 
Dear Ms. Gledhill-Earley, 
 
The Ecosystem Enhancement Program (EEP) requests review and comment on any possible 
issues that might emerge with respect to archaeological or cultural resources associated with 
a potential stream restoration project on the attached site (USGS site maps with approximate 
property lines, areas of potential ground disturbance are enclosed). 
 
The Thomas Creek site has been identified for the purpose of providing in-kind mitigation 
for unavoidable stream channel and/or wetland impacts.  Several sections of channel have 
been identified as significantly degraded by past channelization and agricultural practices.   
 
No architectural structures or archeological artifacts have been observed or noted during 
preliminary surveys of the site for restoration purposes.  As shown in the enclosed map 
generated through HPOWEB, the nearest NRHP-listed site to the project area is the Allie 
Lawrence Farm (1981)(WA1097), which is approximately 2,070 feet to the northeast of the 
project terminus.  We ask that you review this site based on the attached information to 
determine the presence of any historic properties. 
 
We thank you in advance for your timely response and cooperation.  Please feel free to 
contact us with any questions that you may have concerning the extent of site disturbance 
associated with this project. 
 
Sincerely, 
 
 
 
Ken Gilland, P.G. 
Michael Baker Engineering, Inc.    Phone: (919) 481-5735 
8000 Regency Parkway, Suite 600   Email: kgilland@mbakercorp.com  
Cary, NC  27518 
 



 
 

North Carolina Department of Cultural Resources 
State Historic Preservation Office 

Ramona M. Bartos, Administrator 
Governor Pat McCrory                             Office of Archives and History  
Secretary Susan Kluttz                           Deputy Secretary Kevin Cherry 

Location: 109 East Jones Street, Raleigh NC 27601     Mailing Address: 4617 Mail Service Center, Raleigh NC 27699-4617   Telephone/Fax: (919) 807-6570/807-6599 

 
January 16, 2014 
 
Ken Gilland 
Michael Baker Engineering, Inc. 
8000 Regency Parkway, Suite 600 
Cary, NC  27518 
 
Re: Thomas Creek Stream Mitigation, Wake County, ER 13-3040 
 
Dear Mr. Gilland: 

Thank you for your letter of December 27, 2013, concerning the above project. 

We have conducted a review of the project and are aware of no historic resources which would be affected by 
the project. Therefore, we have no comment on the project as proposed. 
 
The above comments are made pursuant to Section 106 of the National Historic Preservation Act and the 
Advisory Council on Historic Preservation’s Regulations for Compliance with Section 106 codified at 36 CFR 
Part 800. 
 
Thank you for your cooperation and consideration. If you have questions concerning the above comment, 
contact Renee Gledhill-Earley, environmental review coordinator, at 919-807-6579 or renee.gledhill-
earley@ncdcr.gov. In all future communication concerning this project, please cite the above referenced 
tracking number. 

Sincerely, 
 

 
Ramona M. Bartos 
 
 
 
 
 

mailto:renee.gledhill-earley@ncdcr.gov
mailto:renee.gledhill-earley@ncdcr.gov


  
Gary Jordan         December 27, 2013 
US Fish and Wildlife Service 
Raleigh Field Office  
P.O. Box 33726  
Raleigh, NC  27636 
 
Subject:  EEP stream mitigation project in Wake County 
 
Dear Mr. Jordan, 
 
The purpose of this letter is to request review and comment on any possible issues that 
might emerge with respect to fish and wildlife issues associated with a potential wetland and 
stream restoration project on the attached site (USGS site maps with approximate property 
lines and areas of potential ground disturbance are enclosed). 
 
The Thomas Creek site has been identified for the purpose of providing in-kind mitigation 
for unavoidable stream channel and/or wetland impacts.  Several sections of channel have 
been identified as significantly degraded by past channelization and agricultural practices. 
 
We have already obtained an updated species list for Wake County from your web site 
(http://www.fws.gov/raleigh/species/cntylist/wake.html).  The listed species are shown in 
Table 1.   
 
Scientific Name Common Name Federal Status 
Haliaeetus leucocephalus Bald Eagle BGPA 
Picoides borealis Red-cockaded Woodpecker Endangered 
Alasmidonta heterodon Dwarf Wedgemusel Endangered 
Rhus michauxii Michaux’s Sumac Endangered 
 
Based on our review and field surveys, we have developed the following conclusions on the 
potential effects of this project on federally listed species: 
 
Haliaeetus leucocephalus (Bald eagle) 
Federal Status: Protected by the Bald and Golden Eagle Protection Act 
Animal Family: Accipitridae 
 
Adult bald eagles can be identified by their large white head and short white tail. The body 
plumage is dark-brown to chocolate-brown in color.  In flight, bald eagles can be identified 
by their flat wing soar.  Eagle nests are found in close proximity to water (within 0.5 mile) 
with a clear flight path to the water, in the largest living tree in an area, and having an open 
view of the surrounding land. 
 
Human disturbance can cause an eagle to abandon otherwise suitable habitat.  The breeding 
season for the bald eagle begins in December or January.  Fish are the major food source for 
bald eagles.   Other sources include coots, herons, and wounded ducks.  Food may be live or 
carrion. 



 
Biological Conclusion: No Effect 
 
A desktop-GIS assessment of the project study area, as well as the area within a 1.13 mile 
radius (1.0 mile plus 660 feet) of the project limits, was performed on December 20, 2013 
using Google Earth color aerials.  Shearon Harris Lake is large enough and sufficiently open 
to be considered a potential feeding source and is within 1-mile of the project study area.  
Since there was foraging habitat within the review area, a survey of the project study area 
and the area within 660 feet of the project limits was conducted.  No nests or large dominant 
trees were observed.  Due to the lack of habitat and minimal impact anticipated for this 
project, it has been determined that this project will not affect this species. 
 
Picoides borealis (Red-Cockaded Woodpecker)        
Federal Status: Endangered 
Animal Family: Picidae  
Federally Listed: October 13, 1970 
 
The red-cockaded woodpecker once occurred from New Jersey to southern Florida and west 
to eastern Texas.  It occurred inland in Kentucky, Tennessee, Arkansas, Oklahoma, and 
Missouri.  The red-cockaded woodpecker is now found only in coastal states of its historic 
range and inland in southeastern Oklahoma and southern Arkansas.  In North Carolina 
moderate populations occur in the sandhills and southern coastal plain.  The few populations 
found in the Piedmont and northern Coastal Plain are believed to be relics of former 
populations.   
 
The red-cockaded woodpecker is approximately 8 inches long with a wingspan of 14 inches.  
Plumage includes black and white horizontal stripes on its back, with white cheeks and 
under parts.  Its flanks are streaked black.  The cap and stripe on the throat and side of neck 
are black, with males having a small red spot on each side of the cap.  Eggs are laid from 
April through June.  Maximum clutch size is seven eggs with an average of three to five.  
  
Red-cockaded woodpeckers are found in open pine stands that are between 80 and 120 years 
old.  Longleaf pine stands are most commonly utilized.  Dense stands are avoided.  A 
forested stand must contain at least 50% pine, lack a thick understory, and be contiguous 
with other stands to be appropriate habitat for the red-cockaded woodpecker.  These birds 
forage in pine and pine hardwood stands, with preference given to pine trees that are 10 
inches or larger in diameter.  The foraging range of the red cockaded woodpecker is up to 
500 acres.  The acreage must be contiguous with suitable nesting sites.  While other 
woodpeckers bore out cavities in dead trees where the wood is rotten and soft, the red-
cockaded woodpecker is the only one that excavates cavities exclusively in living pine trees.  
The older pines favored by the red-cockaded woodpecker often suffer from a fungus called 
red heart disease which attacks the center of the trunk, causing the inner wood to become 
soft.  Cavities generally take 1 to 3 years to excavate.  The red-cockaded woodpecker feeds 
mainly on beetles, ants, roaches, caterpillars, wood-boring insects and spiders, and 
occasionally fruits and berries. 
 
Biological Conclusion: No Effect 
 



Suitable habitat for the red-cockaded woodpecker does not exist in the study area, therefore, 
a half mile survey was not conducted.  It was concluded that the project will not affect this 
species. 
 
Alasmidonta heterodon (Dwarf wedgemussel)  
Federal Status: Endangered 
Animal Family: Unionidae 
 
The dwarf wedgemussel is a small freshwater mussel with a trapezoidal-shaped shell that is 
usually less then 1.7 inches in length and is brown to yellowish brown in color.  It is 
historically known to exist from New Brunswick, Canada to North Carolina.  Documented 
populations in N.C. have occurred in Johnston, Wake, Orange, Nash, Wilson, Granville, 
Person, Vance, Franklin and Warren Counties. 
 
The dwarf wedgemussel inhabits creeks and rivers close to the banks, under overhangs, and 
around submerged logs.  It is also known to live on firm substrate of sand, gravel, and 
muddy sand with a slow to moderate current, and requires clean water that is well 
oxygenated and nearly silt free.  Hosts for the dwarf wedgemussel larvae (glochidia) that 
have been identified include the tessellated darter (Etheostoma olmstedi), Johnny darter (E. 
nigrum), and mottled sculpin (Cottus bairdi). 
 
Biological Conclusion: No Effect 
 
Thomas Creek is not in the Neuse or Tar River drainage basins, which are the only known 
drainages that support dwarf wedgemussel populations. it has been determined that this 
project will not affect this species. 
 
(Rhus michauxii) Michaux’s Sumac 
Federal Status: Endangered 
Plan Family:  Anacardiaceae 
 
Michaux’s sumac is a densely pubescent rhizomatus shrub that grows 0.7 to 3.3 feet in 
height.  The narrowly winged or wingless rachis supports nine to thirteen sessile, oblong-
lanceolate leaflets that are 1.6 to 3.6 inches long, 0.8 to 2 inches wide, acute, and acuminate.  
The bases of the leaves are rounded and their edges are simple or doubly serrate.  Plants 
flower in June, producing a terminal, erect, dense cluster of four to five greenish-yellow to 
white flowers.  The plant also produces fruit, a red drupe, through the months of August to 
October. 
 
This plant occurs in rocky or sandy open woods and roadsides.  It is dependent on 
disturbance (mowing, clearing, fire) to maintain the openness of its habitat.  It grows in open 
habitat where it can get full sunlight and is often found with other members of its genus as 
well as with poison ivy.  Michaux’s sumac is endemic to the inner Coastal Plain and 
Piedmont physiographic provinces of North Carolina.   
 
Biological Conclusion: No Effect 
 



Suitable habitat for Michaux’s sumac is present in the study area along roadside shoulders 
and cleared tracks.  Surveys were conducted by Baker biologists throughout areas of 
suitable habitat on September 17, 2013.  No individuals of Michaux’s sumac were observed.  
it has been determined that this project will not affect this species. 
 
Please provide comments on any possible issues that might emerge with respect to 
endangered species, migratory birds or other trust resources from the construction of a 
wetland and/or stream restoration project on the subject property.  A USGS map showing 
the approximate property lines and areas of potential ground disturbance is enclosed. 
 
If we have not heard from you in 30 days we will assume that our species list and 
conclusions are correct, that you do not have any comments regarding associated laws, and 
that you do not have any information relevant to this project at the current time. 
 
We thank you in advance for your timely response and cooperation.  Please feel free to 
contact us with any questions that you may have concerning the extent of site disturbance 
associated with this project. 
 
Sincerely, 
 
 
 
Ken Gilland, P.G. 
Michael Baker Engineering, Inc.    Phone: (919) 481-5735 
8000 Regency Parkway, Suite 600   Email: kgilland@mbakercorp.com  
Cary, NC  27518 
 
cc: 
Perry Sugg, NCEEP 



  
Shari L. Bryant       December 27, 2013 
North Carolina Wildlife Resources Commission  
Division of Inland Fisheries 
1721 Mail Service Center 
Raleigh, NC  27699       
 

Subject:  EEP stream mitigation project in Wake County 

Dear Ms. Deaton, 

The purpose of this letter is to request review and comment on any possible issues that 
might emerge with respect to fish and wildlife issues associated with a potential wetland and 
stream restoration project on the attached site (USGS site maps with approximate property 
lines and areas of potential ground disturbance are enclosed). 

The Thomas Creek site has been identified for the purpose of providing in-kind mitigation 
for unavoidable stream channel and/or wetland impacts.  Several sections of channel have 
been identified as significantly degraded by past channelization and agricultural practices. 

We have already obtained an updated species list for Alamance County from your web site 
(http://portal.ncdenr.org/web/nhp/database-search).  The listed species are shown in Table 1.   
 
Scientific Name Common Name Federal Status 
Haliaeetus leucocephalus Bald Eagle BGPA 
Picoides borealis Red-cockaded Woodpecker Endangered 
Alasmidonta heterodon Dwarf Wedgemusel Endangered 
Rhus michauxii Michaux’s Sumac Endangered 
 
Based on our review and field surveys, we have developed the following conclusions on the 
potential effects of this project on federally listed species: 
 
Haliaeetus leucocephalus (Bald eagle) 
Federal Status: Protected by the Bald and Golden Eagle Protection Act 
Animal Family: Accipitridae 
 
Adult bald eagles can be identified by their large white head and short white tail. The body 
plumage is dark-brown to chocolate-brown in color.  In flight, bald eagles can be identified 
by their flat wing soar.  Eagle nests are found in close proximity to water (within 0.5 mile) 
with a clear flight path to the water, in the largest living tree in an area, and having an open 
view of the surrounding land. 
 
Human disturbance can cause an eagle to abandon otherwise suitable habitat.  The breeding 
season for the bald eagle begins in December or January.  Fish are the major food source for 
bald eagles.   Other sources include coots, herons, and wounded ducks.  Food may be live or 
carrion. 
 
Biological Conclusion: No Effect 
 



A desktop-GIS assessment of the project study area, as well as the area within a 1.13 mile 
radius (1.0 mile plus 660 feet) of the project limits, was performed on December 20, 2013 
using Google Earth color aerials.  Shearon Harris Lake is large enough and sufficiently open 
to be considered a potential feeding source and is within 1-mile of the project study area.  
Since there was foraging habitat within the review area, a survey of the project study area 
and the area within 660 feet of the project limits was conducted.  No nests or large dominant 
trees were observed.  Due to the lack of habitat and minimal impact anticipated for this 
project, it has been determined that this project will not affect this species. 
 
Picoides borealis (Red-Cockaded Woodpecker)        
Federal Status: Endangered 
Animal Family: Picidae  
Federally Listed: October 13, 1970 
 
The red-cockaded woodpecker once occurred from New Jersey to southern Florida and west 
to eastern Texas.  It occurred inland in Kentucky, Tennessee, Arkansas, Oklahoma, and 
Missouri.  The red-cockaded woodpecker is now found only in coastal states of its historic 
range and inland in southeastern Oklahoma and southern Arkansas.  In North Carolina 
moderate populations occur in the sandhills and southern coastal plain.  The few populations 
found in the Piedmont and northern Coastal Plain are believed to be relics of former 
populations.   
 
The red-cockaded woodpecker is approximately 8 inches long with a wingspan of 14 inches.  
Plumage includes black and white horizontal stripes on its back, with white cheeks and 
under parts.  Its flanks are streaked black.  The cap and stripe on the throat and side of neck 
are black, with males having a small red spot on each side of the cap.  Eggs are laid from 
April through June.  Maximum clutch size is seven eggs with an average of three to five.  
  
Red-cockaded woodpeckers are found in open pine stands that are between 80 and 120 years 
old.  Longleaf pine stands are most commonly utilized.  Dense stands are avoided.  A 
forested stand must contain at least 50% pine, lack a thick understory, and be contiguous 
with other stands to be appropriate habitat for the red-cockaded woodpecker.  These birds 
forage in pine and pine hardwood stands, with preference given to pine trees that are 10 
inches or larger in diameter.  The foraging range of the red cockaded woodpecker is up to 
500 acres.  The acreage must be contiguous with suitable nesting sites.  While other 
woodpeckers bore out cavities in dead trees where the wood is rotten and soft, the red-
cockaded woodpecker is the only one that excavates cavities exclusively in living pine trees.  
The older pines favored by the red-cockaded woodpecker often suffer from a fungus called 
red heart disease which attacks the center of the trunk, causing the inner wood to become 
soft.  Cavities generally take 1 to 3 years to excavate.  The red-cockaded woodpecker feeds 
mainly on beetles, ants, roaches, caterpillars, wood-boring insects and spiders, and 
occasionally fruits and berries. 
 
Biological Conclusion: No Effect 
 
Suitable habitat for the red-cockaded woodpecker does not exist in the study area, therefore, 
a half mile survey was not conducted.  It was concluded that the project will not affect this 
species. 



 
Alasmidonta heterodon (Dwarf wedgemussel)  
Federal Status: Endangered 
Animal Family: Unionidae 
 
The dwarf wedgemussel is a small freshwater mussel with a trapezoidal-shaped shell that is 
usually less then 1.7 inches in length and is brown to yellowish brown in color.  It is 
historically known to exist from New Brunswick, Canada to North Carolina.  Documented 
populations in N.C. have occurred in Johnston, Wake, Orange, Nash, Wilson, Granville, 
Person, Vance, Franklin and Warren Counties. 
 
The dwarf wedgemussel inhabits creeks and rivers close to the banks, under overhangs, and 
around submerged logs.  It is also known to live on firm substrate of sand, gravel, and 
muddy sand with a slow to moderate current, and requires clean water that is well 
oxygenated and nearly silt free.  Hosts for the dwarf wedgemussel larvae (glochidia) that 
have been identified include the tessellated darter (Etheostoma olmstedi), Johnny darter (E. 
nigrum), and mottled sculpin (Cottus bairdi). 
 
Biological Conclusion: No Effect 
 
Thomas Creek is not in the Neuse or Tar River drainage basins, which are the only known 
drainages that support dwarf wedgemussel populations. it has been determined that this 
project will not affect this species. 
 
(Rhus michauxii) Michaux’s Sumac 
Federal Status: Endangered 
Plan Family:  Anacardiaceae 
 
Michaux’s sumac is a densely pubescent rhizomatus shrub that grows 0.7 to 3.3 feet in 
height.  The narrowly winged or wingless rachis supports nine to thirteen sessile, oblong-
lanceolate leaflets that are 1.6 to 3.6 inches long, 0.8 to 2 inches wide, acute, and acuminate.  
The bases of the leaves are rounded and their edges are simple or doubly serrate.  Plants 
flower in June, producing a terminal, erect, dense cluster of four to five greenish-yellow to 
white flowers.  The plant also produces fruit, a red drupe, through the months of August to 
October. 
 
This plant occurs in rocky or sandy open woods and roadsides.  It is dependent on 
disturbance (mowing, clearing, fire) to maintain the openness of its habitat.  It grows in open 
habitat where it can get full sunlight and is often found with other members of its genus as 
well as with poison ivy.  Michaux’s sumac is endemic to the inner Coastal Plain and 
Piedmont physiographic provinces of North Carolina.   
 
Biological Conclusion: No Effect 
 
Suitable habitat for Michaux’s sumac is present in the study area along roadside shoulders 
and cleared tracks.  Surveys were conducted by Baker biologists throughout areas of 
suitable habitat on September 17, 2013.  No individuals of Michaux’s sumac were observed.  
it has been determined that this project will not affect this species. 



 

 

If we have not heard from you in 30 days we will assume that our species list is correct and 
that NCWRC does not have any information relevant to this project at the current time. 

We thank you in advance for your timely response and cooperation.  Please feel free to 
contact us with any questions that you may have concerning the extent of site disturbance 
associated with this project. 

Sincerely, 

 
Ken Gilland, P.G. 
Michael Baker Engineering, Inc.    Phone: (919) 481-5735 
8000 Regency Parkway, Suite 600   Email: kgilland@mbakercorp.com  
Cary, NC  27518 
 
cc: 
Perry Sugg, NCEEP 

 









              February 4, 2015 
                   
Subject:  EEP stream mitigation project in Wake County 

 
Picoides borealis (Red-Cockaded Woodpecker)        
Federal Status: Endangered 
Animal Family: Picidae  
Federally Listed: October 13, 1970 
 
The red-cockaded woodpecker once occurred from New Jersey to southern Florida and west 
to eastern Texas.  It occurred inland in Kentucky, Tennessee, Arkansas, Oklahoma, and 
Missouri.  The red-cockaded woodpecker is now found only in coastal states of its historic 
range and inland in southeastern Oklahoma and southern Arkansas.  In North Carolina 
moderate populations occur in the sandhills and southern coastal plain.  The few populations 
found in the Piedmont and northern Coastal Plain are believed to be relics of former 
populations.   
 
The red-cockaded woodpecker is approximately 8 inches long with a wingspan of 14 inches.  
Plumage includes black and white horizontal stripes on its back, with white cheeks and 
under parts.  Its flanks are streaked black.  The cap and stripe on the throat and side of neck 
are black, with males having a small red spot on each side of the cap.  Eggs are laid from 
April through June.  Maximum clutch size is seven eggs with an average of three to five.  
  
Red-cockaded woodpeckers are found in open pine stands that are between 80 and 120 years 
old.  Longleaf pine stands are most commonly utilized.  Dense stands are avoided.  A 
forested stand must contain at least 50% pine, lack a thick understory, and be contiguous 
with other stands to be appropriate habitat for the red-cockaded woodpecker.  These birds 
forage in pine and pine hardwood stands, with preference given to pine trees that are 10 
inches or larger in diameter.  The foraging range of the red cockaded woodpecker is up to 
500 acres.  The acreage must be contiguous with suitable nesting sites.  While other 
woodpeckers bore out cavities in dead trees where the wood is rotten and soft, the red-
cockaded woodpecker is the only one that excavates cavities exclusively in living pine trees.  
The older pines favored by the red-cockaded woodpecker often suffer from a fungus called 
red heart disease which attacks the center of the trunk, causing the inner wood to become 
soft.  Cavities generally take 1 to 3 years to excavate.  The red-cockaded woodpecker feeds 
mainly on beetles, ants, roaches, caterpillars, wood-boring insects and spiders, and 
occasionally fruits and berries. 
 
Biological Conclusion: No Effect 
 
A survey for suitable habitat for the red-cockaded woodpecker was conducted for the entire 
study area on February 4, 2015.  No such habitat was found.  No mature pine stands were 
observed anywhere on the project area, and only five individual trees of appropriate age 
were discovered (see map for details).  Each was inspected and determined not to have any 
excavated cavities.  Thus, it was concluded that the project will not affect this species.  As 



suitable habitat for the red-cockaded woodpecker does not exist within the study area, a half 
mile survey was not conducted. 
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16.5 FEMA Compliance - NCEEP Floodplain Requirements 
Checklist 

The topography of the site and location in the upper watershed supports the design without creating the 
potential for hydrologic trespass.  The site is not located in a FEMA mapped area and therefore a 
hydraulic analysis is not required to obtain a “No-Rise/No-Impact” certification. Baker notified the 
Wake County Floodplain Manager about the project. The NCEEP Floodplain Checklist was provided to 
the Wake County Floodplain Manager along with applicable figures and information from this report. 
Wake County has requirements for a flood study and permit fees if culverts are installed. Consequently, 
Baker has decided that ford crossings will be used, which do not require flood studies or permit fees.  
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EEP Floodplain Requirements Checklist 
 
 
This form was developed by the National Flood Insurance program, NC Floodplain 
Mapping program and Ecosystem Enhancement Program to be filled for all EEP projects.  
The form is intended to summarize the floodplain requirements during the design phase 
of the projects.  The form should be submitted to the Local Floodplain Administrator 
with three copies submitted to NFIP (attn. State NFIP Engineer), NC Floodplain Mapping 
Unit (attn. State NFIP Coordinator) and NC Ecosystem Enhancement Program. 

 
Project Location 

 
Name  of project: 
 

Thomas Creek Restoration Project 

Name if stream or feature: 
 

Thomas Creek 

County: 
 

Wake 

Name of river basin: 
 

Cape Fear 

Is project urban or rural? 
 

Rural 

Name of Jurisdictional 
municipality/county: 
 

Wake County 

DFIRM panel number for 
entire site: 
 

3720060800 (0608) 

Consultant name: 
 

Chris Roessler 
Michael Baker Engineering, Inc. 

Phone number: 
 

919-481-5737 

Address: 
 
 
 

8000 Regency Parkway, Suite 600 
Cary, NC 27518 
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Design Information 
 

Michael Baker Engineering, Inc. proposes to restore 4,748 linear feet (LF) of stream, and 
enhance 2,874 LF of stream along Thomas Creek and several of its tributaries.  The 
project site is located approximately 1.5 miles southwest of New Hill, NC (see Figure 1). 
The project site is located in the NC Division of Water Quality subbasin 03-06-07 and the 
NC Ecosystem Enhancement Program’s Targeted Local Watershed 03030004-020010 of 
the Cape Fear River Basin. The purpose of the project is to restore and/or enhance stream 
and riparian buffer functions and improve area water quality where impaired stream 
channel flows through the site.  The project will provide numerous water quality and 
ecological benefits within the Thomas Creek and Harris Lake watersheds, and the Cape 
Fear River Basin. A recorded conservation easement consisting of approximately 20.1 
acres will protect all stream reaches and riparian buffers in perpetuity.     
 
Reach Length Priority 
Reach R1 266 LF Restoration 
Reach R2 2,087 Restoration 
Reach R3 130 LF (upstream) and 

929 LF (downstream 
Enhancement II 
Restoration 

Reach R4 336 LF  Restoration  
Reach R5 142 LF (upstream) and  

897 LF (downstream 
Enhancement II  
Restoration  

Reach R6 210 LF (upstream) and 
1,598 LF (downstream)  

Enhancement I 
Enhancement II 

Reach R7 286 LF  Enhancement II 
Reach T1 233 LF Restoration 
Reach T2 158 LF Enhancement II 
 

Floodplain Information 
 
 
Is project located in a Special Flood Hazard Area (SFHA)? 

Yes No
 
If project is located in a SFHA, check how it was determined: 

Redelineation  
Detailed Study  
Limited Detail Study  
Approximate Study  
Don't know  

 
List flood zone designation:  
 
Check if applies: 

AE Zone  
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 Floodway  

 Non-Encroachment  

 None  
A Zone  

 Local Setbacks Required   
No Local Setbacks Required  

 
 
If local setbacks are required, list how many feet: 
 
Does proposed channel boundary encroach outside floodway/non-
encroachment/setbacks? 
 

Yes No
 
Land Acquisition (Check) 

State owned (fee simple)  
Conservation easment (Design Bid Build)  
Conservation Easement (Full Delivery Project)  

Note: if the project property is state-owned, then all requirements should be addressed to 
the Department of Administration, State Construction Office (attn: Herbert Neily,     
(919) 807-4101)  
 
Is community/county participating in the NFIP program? 

Yes No  
Note: if community is not participating, then all requirements should be addressed to 
NFIP (attn:  State NFIP Engineer, (919) 715-8000) 
 
Name of Local Floodplain Administrator:  Betsy Pearce 
Phone Number:  919-856-7541 
 

Floodplain Requirements 
 
This section to be filled by designer/applicant following verification with the LFPA 

No Action  
No Rise  
Letter of Map Revision  
Conditional Letter of Map Revision 
(CLOMR)  
Other Requirements  

 
List other requirements: 



FEMA

 
 
 
 
Comm
 
 
 
 
 
 
 
 
 

Name
 
Title:
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A_Floodplain_Ch

ments: 

e: Chris Roe

: Technical

hecklist_Thomas

essler  

l Manager 

sCr_Figures_inc

Signature: 

Date:  8/28
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Wake County Flood Study Checklist 
Under County ordinance, encroachments into Special Flood Hazard Areas (SFHA) require Permit and Certification Requirements per 

Article 14, Flood Hazard Areas, of the Unified Development Ordinance (UDO).  The purpose of a Flood Study Report is to promote 

the public health, safety and general welfare by reducing public and private losses caused by flood conditions in SFHA.  This checklist 

shows what information needs to be provided and what issues need to be addressed when preparing a Flood Study Report.  All items 

listed may not be applicable to each site, nor is the list all-inclusive.  It is meant to serve as a guide for the engineer preparing a Flood 

Study Report. 

 

Part 1 - For all Flood Studies 
 Delineate Crossings and Label On Map (1”equals no more than 100’) & Drawings 
 Provide flood study report narrative describing study objectives and include a summary of findings 

 Existing and proposed watershed, sub-watershed, and land use boundaries with supporting Zoning overlaid.  Wake County 

requires Flood Study reports to be designed for upstream built out conditions.  

 Include all assumption for supporting methodology used for determining Cubic Feet per Second (Q100).  

 Drainage area worksheets delineating upstream drainage area in Acres. 

 Existing and proposed Tc/Tt flow paths used to calculate pre/post development flows. 

 Show/label all flood encroachment information, including field surveyed cross-sections referenced to station locations, 

proposed culvert inverts, profile view, plan view, back slopes, all elevations, channel slope and sum of disturbed areas are 

required. 

 Indicate the location and establishment of a temporary or permanent benchmark, note must be NAVD 88 for all SFHA’s. 

 Documentation supporting applicant’s choice of Manning “n” values for channel and/or over bank. 

 A velocity dissipater design specifying length, width, mean stone diameter, outlet velocity and detail is required for each 

culvert. 

 Note the Minimum Finished Floor Elevation on lots that are affected by the SFHA 100yr floodplain .  Example  FFE = 268.4’ 

 Should flood study design incorporate overtopping of PRIVATE driveway, specify stabilization scope and type of downstream 

embankment. Overtopping shall not exceed 0.5 feet.  

 Place an *(asterisk) on all lots affected with flood hazards  and add note to plans " * - Before Acquiring a Building Permit for 

Lots Marked with an " * " the Builder May Need to Obtain a Flood Hazard Permit from County Zoning Administration.  The 

Builders Engineer, Architect of Surveyor Must Certify on Any Permit That All Flood Hazard Requirements Are Met.  There 

Shall be No Filling or the Erection of Permanent Structures in the Areas of Wake County Flood Hazard Soils or Federal 

Emergency Management Agency Flood Zones.  

 For submerged culverts to meet 404/401 certification, adjust the effective flow area in HEC-RAS report to reflect this 

condition. 

 Summarize the pre-construction and the post-construction BFE at the upstream and downstream property lines before and after 

the proposed encroachment.   

 Should flood study report prove offsite backwater, applicant must secure and record any necessary backwater encroachment 

easements. For on-site backwater, label backwater area with flood elevation plus 1'. 

 Overlay and Label Future Conditions / 500 year FEMA Floodplain. 

 Submit draft flood study as built compliance document. 

 Signature, Date And Professional Seal: for all Material to be reviewed. 

 

Part 2A For Minor Flood Studies (Drainage area less than 100 acres) 

 Inlet and Outlet Control Head Water computations and elevations for all culverts 

 Delineate HW/D backwater area plus 1 (one) foot rise and label as Q100 backwater easement and label FFE on all affected lots 

with Special Flood Hazard Areas. 

 Use of Bureau of Public Roads Culvert chart for inlet and outlet computations provided for review 

 

Part 2B For Major Flood Studies (Drainage area greater than 100 acres).   

 Inlet and Outlet Control Head Water computations and elevations for all culverts 

 Delineate HW/D backwater area plus 1 (one) foot rise and label as Q100 backwater easement and label FFE on all affected lots 

with Special Flood Hazard Areas. 

 Provide Standard Step Method or equivalent computations and field surveyed cross sections locations on construction plans. 

 



 
From: Betsy.Pearce@wakegov.com [mailto:Betsy.Pearce@wakegov.com] 
Sent: Friday, September 05, 2014 11:15 AM 
To: Chris Roessler 

Subject: RE: EEP checklist for Thomas Creek 

 
if you do a ford, you do not need the flood studies - I then just ask for a record plat showing the fords 
and noting that a flood study may be required in the future in order to install pipes or bridges 

 
Betsy Pearce, CFM, CPSWQ 
Environmental Engineer / Consultant 
Cape Fear Watershed Manager 
Wake County Environmental Services 

336 Fayetteville St / PO Box 550 

Raleigh, NC 27602 

919-856-7541 Office 

919-856-2747 Fax 

919-868-6414 Mobile 
betsy.pearce@wakegov.com 

 
 
 
From:   Chris Roessler <Croessler@mbakerintl.com> 
To:  "Betsy.Pearce@wakegov.com"  <Betsy.Pearce@wakegov.com>, 
Date:   09/05/2014 11:10 AM 
Subject:  RE: EEP checklist for Thomas Creek 

 
Thank you, Betsy. One question - if we elect to not use a culvert (instead use a ford crossing), would 
we not have to do the flood study?  - Chris 

 
Chris Roessler | Technical Manager | Michael Baker Engineering, Inc., a unit of Michael Baker 
International 

8000 Regency Parkway, Suite 600 | Cary, NC 27518 | [D] 919-481-5737 | [M] 

919-624-0905 

croessler@mbakerintl.com | www.mbakerintl.com 
 
 

 
-----Original Message----- 
From: Betsy.Pearce@wakegov.com [mailto:Betsy.Pearce@wakegov.com] 
Sent: Friday, September 05, 2014 10:03 AM 
To: Chris Roessler 

Subject: Re: EEP checklist for Thomas Creek 
 

Chris, 
 
Requirements for flood permit for each crossing - Minor <100 acres of drainage = $500 Major >=100 
acres of drainage = $1000 (See attached file: Flood Study checklist_2012.pdf) 

 
Betsy Pearce, CFM, CPSWQ 
Environmental Engineer / Consultant 
Cape Fear Watershed Manager 
Wake County Environmental Services 

336 Fayetteville St / PO Box 550 

Raleigh, NC 27602 

919-856-7541 Office 

919-856-2747 Fax 

919-868-6414 Mobile 
betsy.pearce@wakegov.com 

 
 
 
 
 

mailto:Betsy.Pearce@wakegov.com
mailto:Betsy.Pearce@wakegov.com
mailto:betsy.pearce@wakegov.com
mailto:betsy.pearce@wakegov.com
mailto:Croessler@mbakerintl.com
mailto:Betsy.Pearce@wakegov.com
mailto:Betsy.Pearce@wakegov.com
mailto:croessler@mbakerintl.com
http://www.mbakerintl.com/
mailto:Betsy.Pearce@wakegov.com
mailto:Betsy.Pearce@wakegov.com
mailto:betsy.pearce@wakegov.com
mailto:betsy.pearce@wakegov.com
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     Figure 16.1   FEMA Floodplain Map
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17.0 APPENDIX C - MITIGATION WORK PLAN DATA AND 
ANALYSES 

17.1 Channel Morphology  

17.1.1 Existing Conditions Assessment 

17.1.1.1 Reach Classification 

The project channels are small, perennial and intermittent streams with a total drainage 
area of approximately 0.275 square miles for Reaches R2, T2, T1, R3, and R4, and 0.097 
square miles for Reaches R5, R6, and R7 (Figure 2.2). The combined, total watershed 
area at the bottom of Reach R1 is 0.384 square miles. Historically, the project streams 
have been negatively impacted due to agricultural conversion and cattle grazing. The 
main stem of Thomas Creek (Reaches R1, R2, & R3) is sparsely vegetated, and some 
sections have become extremely unstable and are actively incising and widening.   

For analysis purposes, Baker labeled the existing unnamed tributaries Reach R1, R3, R4, 
R5, R6, R7, T1, and T2. The existing reach locations are shown on Figures 2.2, 2.3, 2.4, 
2.5, 2.6, 3.1, 17.2, and 17.4. The main stem begins at the northernmost project boundary 
as Reach R3 and flows south towards a farm access road towards the confluence with 
Reach R4. During field verification with the USACE of intermittent or perennial status 
and subsequent site visits with NCEEP, Reaches R1, R2, lower R3, R4, R5, and lower R7 
were determined to be a perennial stream based on a minimum score of 30 for perennial 
streams and/or the presence of biological indicators using the NCDWR Determination of 
the Origin of Perennial Streams stream assessment protocols and guidelines (DWQ, 
2010; see NCDWR stream forms in Appendix B). The remaining project reaches (upper 
R3, R6, upper R7, T1, and T2) were similarly determined to be intermittent.   

Baker staff conducted geomorphic field assessments that included an existing conditions survey and 
photographic documentation to evaluate and document the impacts of past land use management 
practices and current site conditions for each project stream reach. Data collected on the reaches 
included representative cross sections, longitudinal profiles, and sediment samples. The following 
paragraphs summarize these findings and the results were used to assign the geomorphic conditions 
for the project stream reaches. Sections 7 and 17 further describe the restoration approaches 
proposed to achieve functional uplift and improve overall watershed health. 

Reach R1 

Reach R1 extends upstream from the downstream extent of the project at the property 
line to the confluence between Reach R2 and Reach R5. Its valley length is 
approximately 365 feet in length. Reach R1 has a drainage area of 247 acres.  Cattle have 
direct access to this reach.  Reach R1 is significantly incised and moderately high bank 
height ratios, which typically exceed 2.0. At the downstream end of the reach, this 
incision has reached bedrock; however, without protective measures in place the incision 
may continue to migrate upstream. Further bank scour and channel widening are also 
likely to continue if left unaddressed.  Evidence of active bank erosion along Reach R1 
was observed along approximately 90 percent of the reach, predominantly in the form of 
surficial scour. Cattle access to Reach R1 and are causing localized erosion at several 
crossings. Though there are some isolated mature trees along the streambanks, 
approximately 70 percent or more of the reach has no trees on at least one of the 
streambanks. Baker plans to incorporate the mature trees into restoration design where 
feasible.  
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Based on existing conditions, Reach R1 is classified as an incised “Bc” Rosgen stream 
type, due to a moderate entrenchment ratio of 1.8.  The surveyed bank height ratio, 
however, was 2.5, which is indicative of severe incision.  

The bed material in Reach R1 is mostly composed of sand with less than 4 percent 
silt/clay and 1 percent gravel.  

Cattle have access to all of Reach R1.  

Reach R2 

Reach R2 begins at the confluence of Reaches R3 and R4 and directly upstream from Reach R1.  It 
flows southward through actively grazed pasture to its confluence with Reach R5. The existing 
length of Reach R2 is 1,995 feet in length. Reach R2 has drainage areas of 176 acres at the 
downstream end. Cattle use the reach often for watering and loafing and have extensively trampled 
the streambanks. Reach R2 has been significantly degraded through the removal of the riparian 
buffer, cattle access, and relocation of the channel to the right side of the valley floor. According to 
the landowner, whose family purchased the property in 1915, the stream was moved in the 1800s to 
accommodate farming of the floodplain. The hummocky floodplain along Reach R2 appears to 
show where the excavated material was deposited.  

Reach R2 lacks bedform diversity, with riffles constituting less than approximately 20 
percent of the channel. There are very minimal coarse gravel accumulations (i.e., 4 
percent of total) in the riffles; it is essentially a sand bed system. The degree of incision 
along Reach R2 varies according to the presence of headcuts and bedrock knickpoints, 
but the bank height ratio is frequently greater than 1.5. Evidence of active bank erosion 
along Reach R2 varies considerably, from 60 percent at the top, to a low of 30 percent in 
the middle, and back to 90 percent on the lower one third. This erosion is in the form of 
surficial scour. Currently, mass wasting is not evident.   

The lower two thirds of Reach R2 have  buffers consisting of active cattle pasture along 
both banks, with mid-successional or mature trees largely scattered or absent. Most often, 
the streambank cover is limited to fescue and other typical pasture grasses and forbs. In 
addition, multiflora rose (Rosa multiflora) is abundant on the streambanks in this section 
of the reach. The buffer in the top third of the reach includes a mature forest stand but 
cattle have removed all smaller vegetation through grazing, resulting in an unnaturally 
open understory. As such, more than 80 percent of the lengths on both banks have 
longitudinal breaks or interruptions of the existing tree line in lengths greater than 20 feet.  
The entire length of Reach R2 is actively subject to water quality stressors, mainly in the 
form of direct livestock access.  

Based on existing conditions, Reach R2 has a Rosgen stream type classification of “F” in 
the upstream segment and “Gc” in the downstream segment, with bank height ratios of 
3.3 and 2.2, respectively. Existing conditions cross sectional survey of theupper portion 
of Reach R2 show a bank height ratio of 3.3 and an entrenchment ratio of 1.4, while 
lower portion of Reach R2 has a bank height ratio of 2.2, as well as an entrenchment ratio 
of 1.4.  

Cattle have access to all of Reach R2.  

Reach R3 

Reach R3 originates south of Old US Highway 1, just upstream of where it enters the 
northern sector of the project property. The drainage area for Reach R3 is 62 acres. Due 
to logging in 2011, the mature riparian buffer is less than 50 feet wide along the entire 
length of both streambanks, and often less than 20 feet. However, successional trees 
and/or understory species are present along the entire length, less the two existing stream 



MICHAEL BAKER ENGINEERING, INC.                                                                       PAGE 17-3                                          3/13/2015 
STREAM MITIGATION PLAN THOMAS CREEK RESTORATION PROJECT – FINAL 

crossings. Invasive vegetation is present throughout the reach, but  not abundant. The 
upper portion of Reach R3 (above Station 11+30) is generally stable; however, conditions 
are likely to be threatened if downstream headcuts are allowed to continue migrating 
upstream. The lower 940 feet of Reach R3 is incised with bank height ratios above 2.0. 
Channel scour is typical along 30 to 40 percent of this section of the reach, mainly in 
sections where tree roots are not present to provide streambank protection. Bedform 
diversity is lacking due to a low percentage of riffles. The floodplain along R3 does not 
appear to have been historically altered.  

Based on existing conditions, Reach R3 has a Rosgen stream type classification of “G” in 
the middle segment and “Bc” in the downstream segment, with bank height ratios of 2.3 
and 3.2, respectively.  

Cattle do not have access to Reach R3 and the floodplain has not apparently been altered. 

Reach R4 

Reach R4 begins at the northern property line just downstream from the confluence of 
two small drainages in the northeast end of the project site. The drainage area for Reach 
R4 is 37 acres. The upper 870-foot section of Reach R4 is very stable and will be used as 
a reference reach for the project (see Section 17.1.3). The lower 336-foot segment of 
Reach R4 is incised and laterally unstable channel due to a headcut that has migrated 
upstream to this point . The buffer on the lower left bank narrows to approximately 20 to 
30 feet and invasive species vegetation are somewhat abundant. The surveyed bank 
height ratio is 3.0.  The buffer remains largely adequate north of the lower parcel line 
(and barbed wire fence) but very minimal south of the line. Active channel scour is 
evident in approximately 40 percent of the downstream segment.  

The bed material in Reach R4 is mostly composed of sand with less than 7 percent 
silt/clay and 2 percent gravel.  

Reach R4 has a Rosgen stream type classification of “E” in the upstream reference 
segment and “Bc” in the downstream segment, with bank height ratios of 1.0 and 3.0, 
respectively. 

Reach R5 

Reach R5 begins at the confluence of Reaches R6 and R7 and flows downstream for 
1,016 feet to its confluence with Reach R2 to form Reach R1.  The drainage area for 
Reach R5 is 63 acres. Reach R5 is divided by a headcut leaving the upstream segment 
stable and the downstream segment an unstable. The upstream segment of Reach R5 is 
143 feet long. Active channel scour is less than 10 percent in this segment and the 
riparian buffer is of moderate to high quality with adequate width and a combination of 
overstory and understory vegetation species. The unstable downstream segment of Reach 
R5 is 873 feet in length. It is mostly incised and contains three active headcuts, including 
the one mentioned above. Active channel scour is approximately 70 percent on either 
bank for most of the lower portion of this segment and  decreases to about 30 percent 
towards the top. A headcut originatesfrom Reach R1 and stops at an existing stream 
crossing. There are some areas of channel widening in this lowest section, though for the 
most part the channel is narrow and deep. Another headcut located about 50 feet 
upstream from the ford crossing is slowly migrating because tree roots are impeding its 
progress.  

The lower 660 feet of Reach R5 is located within an active cattle pasture.  The riparian 
buffer within this section is of poor quality with only minimal width and canopy 
diversity. Cattle access in the upper 380 feet of lower section of Reach R5 is restricted by 
fencing; therefore this section has a wider, more natural and intact riparian buffer with 
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adequate canopy diversity.  However, the channel incision in the lower portion of this 
reach is so severe that the tree stability along the channel is threatened.  

Reach R5 has a Rosgen stream type classification of “C” in the stable upstream segment 
and “Bc” in the unstable downstream segment, with bank height ratios of 1.0 and 2.4, 
respectively. 

Reach R5 is also a sand bed stream with 3.4 percent silt/clay, 1.3 percent gravel, and the 
remainder sand.  

Cattle have access to the lower two-thirds of Reach R5.  

Reach R6 

Reach R6 begins at the confluence of several drainage swales in the northwest quadrant 
of the project property and extends 1,828 feet downstream to the confluence with Reach 
R7, where Reach R5 begins. The drainage area for Reach R6 is 32 acres. The riparian 
buffer on the lower approximately 300 feet of Reach R6 is of adequate width and quality. 
However, for the upper 1,500 feet of Reach R6, the riparian buffer is roughly only 20 to 
30 feet wide on each side of the channel.  

Reach R6 begins upstream of several migrating headcuts. The small drainages converge 
into an incised and eroding channel that runs for 210 feet. This upstream segment consists 
of approximately 70 percent bank scour.  Though the riparian buffer throughout the reach 
remains narrow, the incised channel transitions into a  stable section where riparian 
wetlands are present. Moving downstream, channel instability resumes along the middle 
segment of Reach R6. Here, the channel is incised, but bank scour is limited to 
approximately 30 percent due to protection provided by tree roots. Moderate incision is 
present in the upper portion of the lower 300 feet of Reach R6. The remainder of the 
reach is not incised. Bank scour throughout this portion is minimal and approximately 10 
percent.  

Reach R6 has a Rosgen stream type classification of “G” in the unstable upstream 
segment and “Bc” in the unstable middle segment, with bank height ratios of 4.4 and 2.9 
and entrenchment ratios of 1.4 and 1.5, respectively. Cross sections were not surveyed in 
the upstream or downstream stable segments but bank height ratio assessments indicate 
the upper area is not incised (BHR < 1.1) while the lower area ranges from not incised to 
minimally incised (BHR ~ 1.2). Enhancement activities will be targeted for the whole 
reach, with actual work on the channel limited to the upper 210-foot segment. 

Cattle do not have access to any of Reach R6.  

Reach R7 

Reach R7 originates on the western edge of the project property and extends 636 feet 
downstream to the confluence with Reach R6. The drainage area for Reach R7 is 14 acres 
and is fed by a spring and a wetland just upstream of the project area. The project reach 
begins at a headcut that has migrated through the middle segment of R7 and caused 
severe incision, particularly in the upper 100 feet. The project work will begin on Reach 
R7 by stabilizing this headcut and continuing with enhancement activities focused on 
stabilization for the next 360 feet. The riparian buffer on the lower half of Reach R7 is of 
adequate quality though it is often less than 50 feet in width. The buffer on the upper half, 
however, is overly narrow with an estimated width of only 20 to 30 feet on each side of 
the channel.  

Channel bank scour is limited to 20 percent, resulting from temporary protection 
provided by tree roots, as well as limited and isolated bench formation. A cross section 
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was surveyed in the middle segment of Reach R7, which indicates a Rosgen stream 
classification of “Bc” with a bank height ratio of 4.2. 

The bed material for Reach R7 is mostly sand, with 8.5% silt/clay and 0.5% gravel. Cattle 
do not have access to this reach.  

Reach T1 

Reach T1 is a tributary that enters the middle of Reach R2. It has a drainage area of 
approximately 49 acres, draining through a farm pond and subsequently through adjacent 
forested land owned by Progress Energy. Approximately 253 feet of Reach T1 are 
included in the project. It is located in active pasture and has almost no trees along its 
banks. Buffer vegetation is largely limited to fescue and other typical pasture grasses.  
Bank scour is evident along approximately 40 percent of the channel length. A cross 
section was surveyed and indicates a Rosgen stream classification of “Bc” with a bank 
height ratio of 2.6. 

Cattle have access to all of Reach T1.  

Reach T2 

Reach T2 is a tributary that emanates from a spring and enters the upper segment of 
Reach R2. All 171 feet of Reach T2 is included in the project. Cattle use the channel as a 
wallow and much of its length is impacted by trampling. A headcut has mirated upstream 
through Reach T2 from Reach R2, though tree roots have prevented major lateral 
degradation. Bank scour is estimated at 30 percent. A cross section was surveyed and 
indicates a Rosgen stream classification of “Bc” with a bank height ratio of 3.6. 

Cattle have access to all of Reach T2.  
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Table 17.1   Representative Existing Conditions Geomorphic Data for Project Reaches: 
Stream Channel Classification Level II 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Parameter 
Reach R1 Reach R2 

XSR1 XSR2a XSR2b XSR2c 

Existing Reach Length (ft) 397 1,995 

Drainage Area (sq. mi.) 0.384 0.275 / 0.153 / x 

Bankfull Discharge, Qbkf (cfs)* 44.6 35.0 / 22.9 / x 

Feature Type Riffle Riffle Riffle Pool 

Rosgen Stream Type B5c G5c  F5 -  

Bankfull Width (Wbkf) (ft) 9.0 6.5 9.4 7.5 

Bankfull Mean Depth, (dbkf) (ft) 1.26 1.19 0.64 2.09 

Width to Depth Ratio (Wbkf/dbkf) 7.2 5.4 14.8 3.4 

Cross-Sectional Area, Abkf (sq ft) 11.2 7.7 6.0 15.7 

Bankfull Max Depth (dmbkf) (ft) 1.94 1.59 1.39 2.58 

Floodprone Width (Wfpa) (ft) 16.2 9.03 13.2 78 

Entrenchment Ratio (Wfpa/Wbkf) (ft) 1.8 1.4 1.4 11.1 

Bank Height Ratio** 2.5 2.2 3.3 -  

Longitudinal Stationing of Cross-
Section Along Existing Thalweg (ft) 

43+00 35+65 21+75 24+60 

Bankfull Mean Velocity, Vbkf= 
(Qbkf/Abkf) (ft/s) 

3.9 3.9 3.8 -  

Channel Materials (Particle Size Index – d50)***  

d16  / d35 / d50 / d84 / d95 (mm) 
0.15 / 0.27 / 0.34 / 0.75 / 

1.39 
0.11 / 0.22 / 0.32 

/0.85 / 1.89 
Average Valley Slope (ft/ft) 0.0050 0.0098 
Average Water Surface Slope (S) 0.0028 0.0082 
Average Channel Sinuosity (K)**** 1.18 1.17 
*Bankfull discharge estimated using published NC Piedmont Regional Curve (Harman et al., 
1999) 
**High bank height ratios (values greater than 2.0 indicate systemwide self-recovery is 
unlikely) 
***Sediment samples taken along main stem only (Reaches R4 & R5) given shorter reach 
lengths, proximity to upstream impoundments, and similar substrate material. 
****Additional meander geometry information such as meander width, meander length, and 
radius of curvature were not measured.  The channel exhibits minimal pattern since it has 
been straightened/channelized, and/or is classified as a step-pool channel. 
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Parameter 
Reach R3 

Reach 
R4 

Reach 
R5 

XSR3a XSR3b XSR4a XSR5a 

Existing Reach Length (ft) 1,067 327 1,020 

Drainage Area (sq. mi.) 0.106 / 0.064 0.056 0.097 

Bankfull Discharge, Qbkf (cfs)* 16.5 / 12.2 11.1 16.5 

Feature Type Riffle Riffle Riffle Riffle  

Rosgen Stream Type B5c B5c B5c  B5c  

Bankfull Width (Wbkf) (ft) 5.3 4.5 4.5 4.4 

Bankfull Mean Depth, (dbkf) (ft) 0.8 0.67 0.7 1.04 

Width to Depth Ratio (Wbkf/dbkf) 6.5 6.7 6.4 4.2 

Cross-Sectional Area, Abkf (sq ft) 4.3 3.0 3.1 4.5 

Bankfull Max Depth (dmbkf) (ft) 1.54 1.03 1.44 1.55 

Floodprone Width (Wfpa) (ft) 9.5 6.7 9.9 7.8 

Entrenchment Ratio (Wfpa/Wbkf) (ft) 1.8 1.5 2.2 1.8 

Bank Height Ratio** 3.2 2.3 3.0 2.4 
Longitudinal Stationing of Cross-
Section Along Existing Thalweg (ft) 

15+60 11+00 21+15 36+80 

Bankfull Mean Velocity, Vbkf= 
(Qbkf/Abkf) (ft/s) 

3.8 4.1 3.6 3.7 

Channel Materials (Particle Size Index – d50)***  

d16  / d35 / d50 / d84 / d95 (mm) 
0.14 / 0.29 / 0.41 / 1.16 / 

3.05 
- - 

Average Valley Slope (ft/ft) 0.0182 0.0105 0.0133 

Average Water Surface Slope (S) 0.0150 0.0121 0.0177 
Average Channel Sinuosity (K)**** 1.22 1.16 1.42 
*Bankfull discharge estimated using NC Piedmont Regional Curve (Harman et al., 1999) 
**High bank height ratios (values greater than 2.0 indicate systemwide self-recovery is 
unlikely) 
***Sediment samples were taken at representative riffles along main stem  
****Additional meander geometry information such as meander width, meander length, and 
radius of curvature were not measured.  The channel exhibits minimal pattern since it has 
been straightened/channelized, and/or is classified as a step-pool channel. 

Parameter 
Reach R5 Reach R6 

XSR5b XSR5c XSR6b XSR6c 

Existing Reach Length (ft) 1,020 1,828 

Drainage Area (sq. mi.) 0.083  0.050 0.019 

Bankfull Discharge, Qbkf (cfs)* 14.4  10.2 5.1 

Feature Type Riffle  Pool Riffle Riffle 

Rosgen Stream Type C5 - B5c  G5c 

Bankfull Width (Wbkf) (ft) 8.9 5.9 4.3 3.2 

Bankfull Mean Depth, (dbkf) (ft) 0.4 2.11 0.59 0.55 

Width to Depth Ratio (Wbkf/dbkf) 23.6 2.8 0.86 5.8 

Cross-Sectional Area, Abkf (sq ft) 3.4 12.5 2.5 1.8 

Bankfull Max Depth (dmbkf) (ft) 0.83 2.58 0.86 0.9 
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Floodprone Width (Wfpa) (ft) >30 99 6.5 4.5 

Entrenchment Ratio (Wfpa/Wbkf) (ft) 5.4 16.8 1.5 1.4 

Bank Height Ratio** 1.0 1.0 2.9 4.4 

Longitudinal Stationing of Cross-
Section Along Existing Thalweg (ft) 

29+10 34+00 23+00 11+25 

Bankfull Mean Velocity, Vbkf= 
(Qbkf/Abkf) (ft/s) 

4.2 - 4.1 2.8 

Channel Materials (Particle Size Index – d50)***  

d16  / d35 / d50 / d84 / d95 (mm) 
0.15 / 0.30 / 0.40 

/ 0.86 / 1.48 
- - - 

Average Valley Slope (ft/ft) 0.0134  0.025 0.0361 
Average Water Surface Slope (S) 0.0177  0.0148 0.025 
Average Channel Sinuosity (K)**** 1.31  1.13 1.13 
*Bankfull discharge estimated using NC Piedmont Regional Curve (Harman et al., 1999) 
**High bank height ratios (values greater than 2.0 indicate systemwide self-recovery is 
unlikely) 
***Sediment samples were taken at representative riffles along main stem (Reaches R4 & 
R5) 
****Additional meander geometry information such as meander width, meander length, and 
radius of curvature were not measured.  The channel exhibits minimal pattern since it has 
been straightened/channelized, and/or is classified as a step-pool channel. 

Parameter 
Reach R7 Reach T1 Reach T2 

XSR7 XST1 XST2  

Existing Reach Length (ft) 646 242 171 

Drainage Area (sq. mi.) 0.022 0.077 0.008 

Bankfull Discharge, Qbkf (cfs)* 5.7 14.0 2.7 

Feature Type Riffle  Riffle Riffle  

Rosgen Stream Type B5  B5c  B5c  

Bankfull Width (Wbkf) (ft) 3.6 7.2 2.1 

Bankfull Mean Depth, (dbkf) (ft) 0.43 0.39 0.38 

Width to Depth Ratio (Wbkf/dbkf) 8.4 18.6 5.6 

Cross-Sectional Area, Abkf (sq ft) 1.6 2.8 0.8 

Bankfull Max Depth (dmbkf) (ft) 0.64 0.66 0.6 

Floodprone Width (Wfpa) (ft) 5.4 10.8 3.4 

Entrenchment Ratio (Wfpa/Wbkf) (ft) 1.5 1.5 1.6 

Bank Height Ratio** 4.2 2.6 2.3 
Longitudinal Stationing of Cross-
Section Along Existing Thalweg (ft) 14+15 11+50 10+95 

Bankfull Mean Velocity, Vbkf= 
(Qbkf/Abkf) (ft/s) 3.6 5.0 3.4 

Channel Materials (Particle Size Index – d50)***  

d16  / d35 / d50 / d84 / d95 (mm) 
0.12 / 0.29 / 0.43 

/ 0.87 / 1.39 
- - 

Average Valley Slope (ft/ft) 0.036 0.0120 0.0417 

Average Water Surface Slope (S) 0.025 0.0203 0.0414 
Average Channel Sinuosity (K)**** 1.11 1.09 1.17 
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17.1.1.2 Valley Classification 

The project site is located in southwest Wake County within the Piedmont hydrophysiographic 
region of North Carolina.  Undisturbed Piedmont valleys in this region are generally classified as 
Valley Type ‘VII’ (Rosgen, 2006), although it is understaood this classification does not describe 
specific landforms within the provinces through the mid-Atlantic/southeast region. The province is 
characterized by broad, rolling, interstream divides across variable steep slopes along well-defined 
drainage ways.  The underlying geologic unit of the project area consists of sandstone interbedded 
with siltstone (Trcs/si2) within the Triassic Basin geologic formation and Level III Ecoregion 
(Geologic Map of North Carolina, NC Geological Survey, 1998). The area receives moderately 
high rainfall amounts with precipitation averaging 46.9 inches per year (NRCS, 1970). 

17.1.1.3 Channel Morphology and Stability Assessment 

Baker performed general topographic and planimetric surveying of the project site and 
produced a 1-foot contour map based on survey data in order to create plan set base 
mapping (see Section 18.0, Appendix D). Fourteen representative cross sections and 
longitudinal profiles were also surveyed to assess the current condition and overall 
stability of the stream channels. The existing riffle cross-section data and locations are 
shown in Figure 17.1 and compared with the Rosgen Channel Stability Assessment 
shown in Table 17.2. The representative existing riffle cross sections have a typical Bank 
Height Ratio (BHR) of greater than 1.5. Some of the cross-section data illustrate the 
presence of existing berms or overburden from channelization and the lack of natural 
floodplain deposits.   

Consistent bankfull indicators were challenging to find in the field, though in the end they 
became more evident. The indicators tended to agree with the bankfull cross-sectional 
area estimates from the NC Rural Piedmont Regional Curve and in some cases were 
slightly smaller (i.e., approximately 10%) than the regional curve (Reaches R1, R2, R5). 
Thus, for the most part, Baker used the regional curve to size the channels but sized them 
down slightly if the bankfull indicators were consistent and suggested a smaller cross-
sectional area was more appropriate.  

The longitudinal profiles show the channel slopes vary from 0.0082 to 0.018 ft/ft and 
have average valley slopes of 0.0098 to 0.025 ft/ft with several long riffle sections and 
infrequently spaced pools. The sinuosity for the reaches is typically between 1.1 and 1.2, 
a result of prior straightening/channelization and valley morphology.  Long sections of 
the project reaches are moderately entrenched and unstable as shown on the cross-section 
data. This likely indicates a movement toward a more unstable condition (e.g., 
downcutting, streambank erosion), especially in portions of the reach where numerous 
active headcuts are present (vertical instability) or streambanks are actively eroding 
(lateral instability). 
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Table 17.2   Rosgen Channel Stability Assessment 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 
96074 
Stability Rating Bank Height Ratio (BHR) 
Stable (low risk of degradation) 1.0 - 1.05 

Moderately unstable 1.06 - 1.3 

Unstable (high risk of degradation) 1.3 - 1.5 

Highly unstable > 1.5 

Notes: (Rosgen, 2001)   

The channel stability assessment incorporated qualitative and quantitative site 
observations using detailed topographic data collected for the project. Conclusions 
reached from these methods were used to define overall channel stability and determine 
appropriate restoration approaches for the site. The reaches were identified as perennial 
and intermittent streams that originate from a watershed that is predominantly forested 
with agricultural land and two homes with associated farm buildings comprising the 
remaining land use. Due to past channel manipulation, a majority of the reaches are 
moderately to severely incised as evidenced by bank height ratios greater than 1.5.   
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Figure 17.1  Existing Cross Section Locations for Project Reaches
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Figure 17.2  Existing Cross Sections for Project Reaches 

 

Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle Bc 11.3 9 1.26 1.94 7.17 2.5 1.8 95.8 98.69

Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle Gc 7.7 6.46 1.19 1.59 5.42 2.2 1.4 101.16 102.99

Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle F 6 9.43 0.64 1.39 14.84 3.3 1.4 91.22 94.46
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Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle Bc 4.3 5.27 0.81 1.54 6.53 3.2 1.8 96.5 99.85

Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle Bc 3 4.51 0.67 1.03 6.71 2.3 1.5 98.6 99.89

Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle Bc 3.1 4.48 0.7 1.44 6.4 3 2.2 90.5 93.41
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Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle Bc 4.5 4.35 1.04 1.55 4.18 2.4 1.8 98.5 100.73

Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle Cc 3.4 8.95 0.38 0.83 23.57 0.8 5.4 95.5 95.34

Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle G 1.8 3.21 0.55 0.9 5.79 4.4 1.4 96.8 99.86
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Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle Bc 1.6 3.63 0.43 0.64 8.39 4.2 1.5 97 99.06

Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle Bc 0.8 2.12 0.38 0.6 5.6 3.6 1.6 98.76 100.34

Feature
Stream 
Type BKF Area

BKF 
Width

BKF 
Depth

Max BKF 
Depth W/D BH Ratio ER BKF Elev TOB Elev

Riffle Bc 2.78 7.2 0.39 0.66 18.6 2.6 1.5 107.15 108.21
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17.1.1.4 Bank Erosion Prediction (BEHI/NBS)  

Sedimentation from streambank erosion is a significant pollutant to water quality and aquatic 
habitat. Predicting streambank erosion rates and annual sediment yields using the Bank Assessment 
for Non-point source Consequences of Sediment (BANCS) method (Rosgen 1996, 2001a) 
considers two streambank erodibility estimation tools: the Bank Erosion Hazard Index (BEHI), and 
Near Bank Stress (NBS). This rating method is used to describe existing streambank conditions and 
statistically quantify the erosion potential of a stream reach in feet/year. Since it is an 
estimation/prediction method, the intent is to be used as a relative comparison for pre- and post-
restoration conditions.   

Published curve data were initially developed from sites in Colorado with varying sediment 
sources, vegetation, and fluvial geomorphic processes characteristic of that region. Although the 
published BEHI/NBS curve is not directly applicable to piedmont streams in North Carolina, it can 
provide a framework to develop similar relations in other hydrophysiographic regions. Therefore, 
Baker used local unpublished NC piedmont BEHI and NBS ratings (obtained through personal 
communication with NRCS, Walker, 2011) to estimate sediment loss and support field observations 
and streambank height measurements taken during existing conditions assessment. 

The BEHI/NBS estimates for the existing conditions (pre-construction) were determined in the 
field. The majority of BEHI ratings varied from ‘low’ to ‘moderate’ with a few middle sections 
rating on the ‘high’ category based on changes in the velocity gradient and shear stress, and depth 
of incision.  This is typical of a partially degraded stream system with active streambank erosion in 
localized areas. After stabilizing streambanks using the proposed restoration measures, post-
construction BEHI/NBS estimates typically predict a significant decrease in sediment loading 
throughout the entire project area, especially considering the limited sediment supply entering the 
system from the upstream drainages.  

17.1.1.5 Channel Evolution  

Channel stability is defined as the stream’s ability to transport incoming flows and 
sediment loads supplied by the watershed without undergoing significant changes over a 
geologically short time-scale. Lane (1955) proposed a generalized relationship of stream 
stability; it states that the product of sediment load and sediment size is in balance with 
the product of stream slope and discharge, or stream power. A change in any one of these 
variables induces physical adjustment of one or more of the other variables to compensate 
and maintain the proportionality. 

Longitudinally, the water and sediment flows delivered to each subsequent section are the 
result of the watershed and upstream (or downstream, if backwater) conditions. Water 
and sediment pass through the channel, which is defined by its shape, material, and 
vegetative condition. Flow and sediment are either stored or passed through at each 
section along the reach. The resulting physical changes are a balancing act between 
gravity, friction, and the sediment and water being delivered into the system (Leopold et 
al., 1964). 

Observed stream response to induced instability, as described by Simon’s (1989) Channel 
Evolution Model, involve extensive modifications to channel form resulting in profile, 
cross-sectional, and plan form changes, which often take decades or longer to achieve 
resolution. The Simon (1989) Channel Evolution Model characterizes typical evolution in 
six stages:  

  1.  Pre-modified  
  2.  Channelized 
  3.  Degradation  
  4.  Degradation and widening 
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  5.  Aggradation and widening  
  6.  Quasi-equilibrium. 

The channel evolution process initiates once a stable, well-vegetated stream that interacts 
frequently with its floodplain is disturbed. Channelization, dredging, changing land use, 
removal of streamside vegetation, upstream or downstream channel modifications, and/or 
change in other hydrologic variables result in adjustments in channel morphology to 
compensate for the new condition(s). Disturbance commonly results in an increase in 
stream power that can cause degradation, often referred to as channel incision (Lane, 
1955). Incision eventually leads to over-steepening of the streambanks and, when critical 
streambank heights are exceeded, the streambanks begin to fail and erosion or mass 
wasting of soil and rock leads to channel widening. Incision and widening continue 
moving upstream in the form of a head-cut. Eventually the mass wasting slows, and the 
stream begins to aggrade. A new, low-flow channel begins to form in the sediment 
deposits. By the end of the evolutionary process, a stable stream with dimension, pattern, 
and profile similar to those of undisturbed channels forms in the deposited alluvium. The 
new channel is at a lower elevation than its original form, with a new floodplain 
constructed of alluvial material (FISRWG, 1998). 

The project reaches are predominantly in Stages 4 or 5 of the Simon Channel Evolution 
Model. This indicates that the floodplain connection has been severely compromised by 
vertical degradation and the channels will likely experience continued erosion prior to the 
channel form stabilizing on its own (Stage 6 – Quasi-equilibrium). Whether a given reach 
is in Stage 4 or 5 largely depends on when the headcut passed through; if it has been 
recently then the channel is likely to be in Stages 3 or 4, while if widening has already 
occurred then it is likely to be in Stage 5. Reaches that are in Stage 5 include R1 and 
upper R2. Reaches that are in Stage 4 include lower R2 and R6. The remaining reaches 
(R3, R4, R5, R7, and T1) are somewhere between Stages 4 and 5, with typically the 
downstream end in Stage 5 and the upstream end in Stage 4. This is not always the case, 
however, as Reach R5 (lower restoration section) continues to degrade and widen at the 
downstream end, while the upstream end is generally aggrading and widening. 

Where Reaches are in Stage 5, Priority 2 restoration tends to be more appropriate to 
advance the channel to Stage 6. In other reaches, Priority 1 restoration can essentially 
move the channel back more or less to Stage 1. 

 

17.1.2 Proposed Morphological Conditions  

After examining the assessment data collected at the site and exploring the potential for 
restoration, an approach was developed that would address restoration and enhancement of 
stream functions within the project area while minimizing disturbance to existing wooded 
areas and protecting existing, ACOE-verified jurisdictional wetlands. Prior to impacts from 
past channel manipulation, topography and soils on the site indicate that the project area most 
likely functioned in the past as a small tributary stream system with associated hillslope seep 
wetlands, eventually flowing into the larger Thomas Creek system. 

Therefore, a design approach was formulated to restore and/or enhance this type of system.  
First, an appropriate stream type for the valley type, slope, and desired stream functions was 
selected and designed to improve historic flow patterns within the project area. Then a design 
plan was developed in order improve the floodplain hydrology and base flow interaction 
impaired by current cattle impacts, active degradation, and other agricultural land 
manipulations.   
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17.1.2.1 Proposed Design Approach and Criteria Selection 

For design purposes, the stream channels used the same nine reach labels as the existing 
reaches: R1, R2, R3, R4, R5, R6, R7, T1, and T2 (see Figure 17.3). Selection of a general 
restoration approach was the first step in selecting design criteria for all reaches. The 
approach was based on the potential for restoration as determined during the site 
assessment. Next, specific design parameters were developed so that plan view layout, 
cross-section dimensions, and a longitudinal profile could be implemented for developing 
construction documents. The design philosophy is to use these parameters as conservative 
values for the selected stream types and to allow natural variability in stream dimension, 
facet slope, and bed features to form over long periods under the processes of flooding, 
re-colonization of vegetation, and local watershed influences.   
 
The Thomas Creek project includes several headwater reaches that are steeper and have 
narrow valleys. Often this setting may be associated with Bc stream types. However, the 
entrenchment ratio on the restored channels will be greater than 2.2, which makes either 
an E or a C channel. Though the channels will no longer be incised or entrenched, 
narrower valley widths and boundary conditions prevented pattern adjustments 
commonly associated with C or E meander geometry. This typically translates to shorter 
riffles with higher slopes, and thus higher stream power. Higher stream power is 
ameliorated to some extent by increasing the width-to-depth ratios than the nearby 
reference reach. Additionally, constructing higher width-to-depth ratios (11-14) will put 
less stress on the newly constructed streambanks. Grade control structures were incorp-
orated to maintain stability despite steeper riffle slopes. The radii of curvature ratios of 
between 2 and 3 were followed, so structures are less common in the channel bends.  
 
After selecting an appropriate design approach for the site based on field assessments and 
functional lift potential, proposed stream design values and design criteria were selected 
using common reference ratios and guidelines (Harman, Starr, 2011). Table 17.3 presents 
the design parameters used for the proposed reaches. Following initial application of the 
design criteria, Baker staff made detailed refinements to accommodate the existing valley 
type and channel morphology. This step minimizes unnecessary disturbance of the 
riparian area, can help reduce the number of in-stream structures, and allows for some 
natural channel adjustment following construction. The design plans have been tailored to 
produce a cost and resource efficient design that corresponds to the tools of construction.  
 
One overarching design comment about the Thomas Creek site is warranted since there 
are generally steep valley slopes combined with sand bed streams. This makes grade 
control challenging because there is higher stream power and shear stress, but not 
adequate bed material size or resistance to match those erosive forces. Consequently, the 
risk of channel degradation is exceedingly high. Stability in the reference reaches is 
primarily maintained through a combination of appropriate/natural meander geometry, 
and, more importantly, extensive mature tree roots running along and beneath the 
streambed. Meander geometry can help flatten channel slopes and is achievable through 
the design process, but mature tree roots in the streambed are generally not achievable at 
the early stages right after construction.  
 
Baker has considered this design challenge and offers the following solution. First, 
frequent grade control is necessary. Limiting this to the riffle sections is preferred since 
this is where most gradient is typically lost in a stream. Second, using more natural grade 
control to mimic reference reach conditions is preferred. This favors woody material in 
the form of log jam constructed riffles, log rollers, and log weirs. These structures will be 
used in perennial streams (submersion prevents rapid breakdown of wood by fungi) and 
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where woody material is available (i.e., within a particular reach if clearing is needed to 
implement restoration/enhancement). However, in more intermittent streams and in 
locations where trees are not abundant (lower Reach R2), more rock material may be 
incorporated to build constructed riffles and step pools. These structures are necessary to 
maintain grade control given the steeper channel/riffle slopes and sandy bed material. 
Baker has investigated other sources of wood, such as nearby slash piles on Duke Energy 
land, but in the absence of sufficient woody material for structures, rock will be 
substituted.  

Reach R1 Restoration 

Reach R1 is significantly incised, though the top-of-bank width varies from quite narrow 
towards the confluence of Reaches R1 and R2, to rather wide at cattle crossings in the 
middle of the reach. A Priority Level II restoration approach will be initiated at the upper 
end of Reach R1in order to return the channel to the existing grade within approximately 
250 feet at the downstream extent of the project. The lower part of Reach R1 has incised 
to an existing bedrock feature and the streambanks are actively eroding.  

The restored channel will be constructed along the existing channel, and will be designed 
initially as a Rosgen ‘C’ stream type as it is lowered to meet bedrock at the downstream 
end. In-stream structures such as constructed riffles will be installed to control grade, 
dissipate scour energies, and eliminate the potential for upstream channel incision.  
Additionally, log vanes and weirs will be incorporated for step-pool formation, bank 
stability, and habitat diversity.  

The design width/depth ratio for the channel will be 14, and over time, the channel may 
narrow due to deposition of sediment and streambank vegetation growth. Channel 
narrowing should not risk downcutting because any narrowing would be in response to 
stabilizing processes (i.e., tree establishment, point bar formation). The bankfull 
floodplain bench would provide energy dissipation when that is needed to maintain 
channel stability.  

Channel banks will be graded to stable, 2:1 or flatter slopes, bankfull benches will be 
incorporated to further promote stability, and riparian vegetation will be re-established to 
the confluence.   

Riparian buffers in excess of 50 feet will be restored or protected along all of Reach R1.  
No stream crossing or breaks in the easement are proposed along this reach. Invasive 
species control will be conducted. 

Reach R2 Restoration 

Work along Reach R2 will involve a combination of Priority Level I and II restoration 
approaches to provide floodplain reconnection and promote long-term channel stability.  
Presently, the reach is incised and eroding. The upper end is overly wide and initial bench 
formation has ensued in some areas. Mature hardwood trees are abundant for the first 600 
feet of existing channel, after which the channel enters pasture and hugs the right side of 
the valley for 1,300 feet. 

To preserve the existing canopy and improve the floodplain width of a stabilizing 
channel, Priority Level II restoration is proposed for the upstream portion of Reach R2. In 
this upper section of Reach R2, the design will target a Rosgen ‘C5’ stream type and will 
be built as a nested channel with a width/depth ratio of 14 and an entrenchment ratio of 
greater than 2.2.  

Once Reach R2 begins the channelized section that flows through pasture, Priority Level 
I restoration will be implemented. This reach will be designed as a Rosgen ‘C5’ stream 
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type, though initially the valley is narrower and thus the pattern is more typical of a ‘B5c’ 
stream type. The design width/depth ratio for the channel will be 14 with 2.5:1 riffle side 
slopes, and over time, the channel may narrow due to sediment deposition and 
streambank vegetation growth. Channel narrowing should not risk downcutting because 
any narrowing would be in response to stabilizing processes (i.e., tree establishment, 
point bar formation). The bankfull floodplain would provide energy dissipation when that 
is needed to maintain channel stability.  

This approach will allow restoration of a stable channel form with appropriate bedform 
diversity, as well as improved channel function through improved aquatic habitat, more 
frequent overbank flooding, restoration of riparian and terrestrial habitats, exclusion of 
cattle and associated pollutants, and decreased erosion and sediment loss from 
streambank erosion.    

Mapped jurisdictional wetlands in the lower Reach R2 floodplain will be either protected 
during the construction process or enhanced through the grading activities. Wetland 
enhancement may be achieved by raising the streambed and thus increasing the hydro 
period, as well as the wetted area. Additionally, wetland vegetation will be improved.  

Riparian buffers in excess of 50 feet will be restored along all of Reach R2.  One stream 
crossing and break in the easement is proposed along Reach R2, at the transition from 
Priority Level II to Priority Level I. Invasive species control will be conducted. 

Reach R3 Restoration 

After an initial 130-foot section of Level II Enhancement (supplement buffer planting and 
invasive species removal only), work along Reach R3 will involve a combination of 
Priority Level I and II restoration approaches to provide floodplain reconnection and 
promote long-term channel stability.  In its existing condition, the reach is incised and 
actively eroding. The landowner had much of the timber along Reach R3 harvested in 
2011; therefore, restoration activities can be conducted with minimal impact to existing 
mature trees. These techniques will allow restoration of a stable channel form with 
appropriate bedform diversity, as well as improved channel function through improved 
aquatic habitat, more frequent overbank flooding, restoration of riparian and terrestrial 
habitats, and decreased sedimentation from streambank erosion. Appropriate bedform 
diversity in this case may be defined as riffle/pool sequences according to calculated 
pool-to-pool spacing and facet slopes, which lead to a stable longitudinal profile and 
diverse microhabitat for aquatic organisms.  

This reach will be designed as a Rosgen ‘E/C’ stream type. The design width/depth ratio 
for the channel will be 12 to account for a steeper valley slope and to reduce stress on the 
streambanks. A higher width-to-depth ratio yields a relatively higher channel width and 
lower depth, which reduces stream power. Meander geometry of a stable E/C stream type 
is possible given the narrower valley width; consequently, additional grade control 
structures will be installed to maintain channel stability. 

Mapped jurisdictional wetlands in the upper Reach R3 floodplain will be either protected 
during the construction process or enhanced through the grading activities. Wetland 
enhancement may be achieved by raising the stream bed and thus increasing the hydro 
period, as well as the wetted area. Additionally, wetland vegetation will be improved. 
Invasive species control will be conducted. 

Riparian buffers in excess of 50 feet will be restored along all of Reach R3. One stream 
crossing/easement break is proposed along Reach R3. An existing ford crossing will be 
enhanced. Cattle do not and will not have access to this crossing.  
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A slight change to the approach for Reach R3 was made from the IRT site visit on 
October 9, 2013. The project work will begin farther downstream with Level II 
Enhancement based on jurisdictional channel considerations (i.e, channel definition 
upstream weakens) and the presence of a headcut where restoration now begins.  

Reach R4 Restoration and Enhancement 

Work on Reach R4 will involve restoration approaches on a 330-foot section of the 
downstream end to its confluence with Reach R3.   

The primary source of impairment for Reach R4 is incision caused by a headcut that has 
migrated up from Reach R2. An existing ford crossing has stopped the migration of the 
headcut; consequently, immediately upstream from it Reach R4 is highly stable and has 
been used as a reference reach. The upper 870-foot section of Reach R4 will be included 
as an Enhancement Level II reach. The riparian buffers are largely adequate but will be 
supplementally planted so that they are at least 50 feet wide. The fence along the eastern 
edge, where cows have access, will be replaced. Per agreement with the IRT, invasive 
species control will not be conducted in upper Reach R4. 

Along the downstream end of Reach R4, the channel is in poor condition due to incision.  
This reach section will be restored through using Priority Level II restoration and the use 
of log jams and constructed riffles to control grade, dissipate energies, and eliminate the 
potential for upstream channel incision. Channel banks will be graded to stable slopes, 
and bioengineering measures will be incorporated to further promote stability and re-
establishment of riparian vegetation. This section of Reach R4 will be designed as a 
Rosgen ‘C5’ stream type. The design width/depth ratio for the channel will be 13. 
Floodplain benches will be incorporated to increase the entrenchment ratio to greater than 
2.2, thus reducing stress on the restored channel.  

Riparian buffers in excess of 50 feet will be restored along all of Reach R4. The existing 
ford crossing above the project reach will be maintained as a ford crossing since livestock 
will not have access to it. Additionally, an existing downstream bridge crossing will be 
removed. Invasive species control will be conducted in lower Reach R4. 

Reach R5 Enhancement and Restoration 

Work on Reach R5 will continue the enhancement approach (planting, invasives species 
control, and easement establishment) from lower Reaches R6 and R7. This work will 
extend to the top 142 feet of Reach R5, at which point the approach will switch to 
Priority Level I restoration, beginning at an active headcut. The first 200 feet of the 
Priority I section is in a forested area and the lower 700 feet are in active pasture. The 
benefits of this approach include: floodplain reconnection; limited impact to desirable 
native species trees along the existing channel; and full restoration of a natural channel 
pattern and appropriate stream functions.   

Lower Reach R5 will be designed as a Rosgen ‘C5’ stream type with a width/depth ratio 
of 13 and 2.5:1 riffle side slopes. Log structures to maintain pools and grade control will 
be employed. The new channel will be constructed both off-line from and on-line with 
the existing channel. Existing mature trees will be preserved wherever possible. At the 
downstream end of the reach, minimal floodplain benching will be required. Though the 
restored reach will be elevated by more than two feet from the existing channel, benching 
will be required in the lower 150 feet to match the elevation of proposed Reach R2. 

Mapped jurisdictional wetlands in the upper Reach R5 floodplain will be either protected 
during the construction process or enhanced through the grading activities. Wetland 
enhancement may be achieved by raising the stream bed and thus increasing the hydro 
period. Additionally, wetland vegetation will be improved.   



MICHAEL BAKER ENGINEERING, INC.                                                                       PAGE 17-22                                          3/13/2015 
STREAM MITIGATION PLAN THOMAS CREEK RESTORATION PROJECT – FINAL 

Riparian buffers in excess of 50 feet will be restored along all of Reach R5.  The existing 
stream crossing near the downstream end of Reach R5 will be replaced and improved as 
part of the proposed project. A ford crossing with gates will be installed to provide access 
across the stream. The new crossing will be fenced along the sides to exclude cattle from 
entering the restored stream. Finally, invasive species control will be conducted. 

Reach R6 Enhancement 

Work on Reach R6 will involve two distinct enhancement approaches. The upstream, 
210-foot segment is incised, degraded, and widening; as such, Level I Enhancement will 
be employed to lower the bank angles and create floodplain benching. The proposed 
channel dimension will include a width-to-depth ratio of 14 with 2.5:1 riffle side slopes, 
allowing the channel to narrow as vegetation establishes. Combined with planting of 
native riparian buffer, this will eliminate future channel erosion on the reach and enable 
long-term stability.  

In the proposal stage, Baker had proposed Priority Level I restoration for this upper 
segment of Reach R6. The concept was to make this segment similar to a reference- 
quality segment just below it. However, the survey revealed that the incised segment is 
much steeper (valley slope is 0.037 ft/ft) than the reference segment and this is likely the 
cause of the instability. As such, it is not feasible to recreate the reference segment and 
more of a stabilization (enhancement) approach will be targeted.  

Below the upstream, degraded section, the mitigation approach will transition to 
Enhancement Level II that focuses on easement establishment, invasive species control, 
and buffer planting; no channel work is proposed. Though the bank height ratios exceed 
2.0 in some locations, the IRT felt that it is important to maintain the existing vegetation 
and the smaller stream channel size is such that further erosion is likely to be limited, plus 
the benefit of doing further work is limited.  

One existing stream crossing on upper Reach R6 will be maintained and left out of the 
conservation easement. The crossing will remain in its current condition since it is stable 
and cattle do not have access to it.  

Portions of the riparian buffer along Reach R6 have been cleared as part of the 2011 
timber harvest, increasing the importance of planting the appropriate riparian species.  
Design parameters for upper Reach R6 will be consistent with comparable ‘Bc’ stream 
types for the project. Design parameters for this section are included in Table 17.3, but 
not for the downstream end of Reach R6 because only Enhancement Level II approaches 
will be considered and dimension, pattern, and profile will have no adjustments. 

Reach R7 Enhancement 

Similar to Reach R6, work on Reach R7 includes two different enhancement approaches. 
The upstream segment is degrading and very steep with a channel slope in the first 160 
feet of 0.044 ft/ft, so the approach is to stabilize the head cuts and channel gradient, as 
well as the unstable side slopes on the upper 350 feet of Reach R7. This work will 
involve installing constructed riffles, log weirs, and rock step structures, bank sloping and 
matting, and riparian buffer planting. Rock structures, though not natural in a sand bed 
system, provide some insurance because they are not subject to rotting before grade 
stabilizing vegetation can become established.  

Wetlands are located just above the project reach and the aim is to prevent the headcut 
from migrating through and degrading this aquatic resource. This work is proposed at an 
Enhancement Level II credit ratio (2.5:1).  
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The lower 286-foot segment of Reach R7 is mostly stable with floodplain benches 
developing in many locations. The work here will be similar to lower Reach R6 and 
upper Reach R5, including easement establishment, invasive species control, and riparian 
buffer planting. No stream crossings are planned for Reach R7.  

Reach T1 Enhancement 

Work on Reach T1 will include Enhancement Level I because it involves a combination 
approaches, including restoration at the downstream end to tie into the Thomas Creek 
floodplain (Reach R2). As discussed with the NCIRT at the preliminary site visit, Reach 
T1 appears to have been moved from its original location so that it is now flowing 
perpendicular to Thomas Creek. After this meeting, the initial intent was to do restoration 
by routing the flow through the relic channel. However, because of the property boundary 
location, it is not feasible to reroute the streamflow to the relic channel while also 
including a 50-foot buffer and a necessary cattle crossing (i.e., there is limited available 
space in this area). Consequently, the channel will be enhanced in its existing location by 
initially fencing out an undisturbed wetland area, installing a step-pool sequence, and 
transitioning to a meandering channel that is constructed off line until its confluence with 
the mainstem (Reach R2).  

This reach will be designed as a Rosgen ‘C5’ stream. The design width/depth ratio for the 
channel will be 13, and over time, the channel will likely narrow due to fine sediment 
deposition and streambank vegetation growth. 

These techniques will allow restoration of a stable channel form with appropriate 
bedform diversity, as well as improved channel function through improved aquatic 
habitat, more frequent overbank flooding, restoration of riparian and terrestrial habitats, 
exclusion of cattle and associated pollutants, and decreased erosion and sediment loss 
from streambank erosion.     

Mapped jurisdictional wetlands along Reach T1 will be protected at the upper end. Below 
the crossing, they will be enhanced through the construction process by incorporating 
them as floodplain benches, raising the stream bed, and thus increasing the hydro period. 
Additionally, wetland vegetation will be improved.    

Riparian buffers in excess of 50 feet will be restored along all of Reach T1. One stream 
crossing/ break in the easement is proposed along upper Reach T1. An eroding existing 
ford crossing will be improved by adding channel rock and fencing will be installed to 
exclude cattle from the easement area. Finally, invasive species control will be 
conducted. 

Reach T2 Enhancement 

Work on Reach T2 will include Level II Enhancement to maintain channel stability and 
exclude cattle. This approach has been changed from the IRT site visit when Level I 
Enhancement at 1:1 credit was proposed, because less work is needed to stabilize the 
channel than anticipated. The Reach T2 channel has two locations with steep drops in 
elevation which would likely become headcuts if tree roots were not there to prevent that. 
Furthermore, the channel lacks any pool habitat. Thus, Baker proposes to incorporate 
grade control structures to stabilize the headcuts and form pools that provide increased 
bedform diversity.  

Riparian buffers in excess of 50 feet will be restored along all of Reach T2. Cattle, which 
currently use this channel as a favorite wallow area, will be permanently excluded. No  
stream crossings are proposed on this reach. Finally, invasive species control will be 
conducted. 
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Table 17.3   Natural Channel Design Criteria for Project Reaches 

Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Parameter 

Composite Reference 
Values 

Design Values 
Rationale 

Reach R1 Reach R2 Reach R1 
Reach R2 

upper/lower 
Rosgen Stream Type  C5 C5 C5 C5 Note 1 
Bankfull Discharge, Qbkf (cfs) - - 44.6 23.0/29.7 Note 2 
Bankfull Mean Velocity, Vbkf (ft/s) 3.5 - 5 3.5 – 5 4.0 3.8/3.9 V=Q/A 
Bankfull Riffle XSEC Area, Abkf (sq ft) - - 11.2 6.0/7.7 Note 7 
Bankfull Riffle Width, Wbkf (ft) - - 12.5 9.2/10.4  
Bankfull Riffle Mean Depth, Dbkf (ft) - - 0.9 0.7/0.7 d=A/W 
Width to Depth Ratio, W/D (ft/ft) 12 – 18 10 - 15 14 14/14 Note 3 
Width Floodprone Area, Wfpa (ft) - - >25 >18  
Entrenchment Ratio, Wfpa/Wbkf (ft/ft) 1.4 – 2.2 > 2.2 >2.2 >2.2 Note 4 
Riffle Max Depth @ bkf, Dmax (ft) - - 1.1 0.8/1.0  
Riffle Max Depth Ratio, Dmax/Dbkf 1.2 – 1.4 1.1 – 1.4 1.2 1.2/1.4 Note 5 
Bank Height Ratio, Dtob/Dmax (ft/ft) 1.0 – 1.1 1.0 – 1.1 1.0 1.0 Note 6 
Meander Length, Lm (ft) - - 105 75 – 107 Note 7 
Meander Length Ratio, Lm/Wbkf  7 – 14 7 – 14 8.4 7.8 – 11.1 Note 7 
Radius of Curvature, Rc (ft) - - 25 - 35 17–26/20-30 Note 7 
Rc Ratio, Rc/Wbkf * 2 - 3 2 - 3 2 – 2.8 2 - 3 Note 7 
Belt Width, Wblt (ft) - - 30 32 – 45  Note 7 
Meander Width Ratio, Wblt/Wbkf  3.5 - 8 3.5 - 8 2.4 3.3 – 4.7 Note 7 
Sinuosity, K (TW length/ Valley length) 1.1 – 1.3 1.2 – 1.5 1.22 1.20 Note 7 
Valley Slope, Sval (ft/ft) .005 –.015  .002 – 0.01 .01 .01 Sval / K 
Channel Slope, Schan (ft/ft) - - 0.022 0.0047/0.0083  
Average Slope Riffle, Srif (ft/ft) - - 0.028 0.0094/0.02  
Riffle Slope Ratio, Srif/Schan 1.2 – 1.5 1.2 – 1.5  1.3 2.0/2.4 Note 8 
Slope Pool, Spool (ft/ft) - - 0.0001 0.0006/0.0014  
Pool Slope Ratio, Spool/Schan 0.0 – 0.2 0.0 – 0.2 0.0 0.16/0.1 Note 8 
Pool Max Depth, Dmaxpool (ft) - - 2.4 1.7/1.9  
Pool Max Depth Ratio, Dmaxpool/Dbkf 1.2 – 2.5  1.2 – 2.5 2.2 2.4/2.7 Note 7 
Pool Width, Wpool (ft) - - 17.5 12.0/14.5  
Pool Width Ratio, Wpool/Wbkf 1.1 – 1.7 1.1 – 1.7 1.4 1.3/1.4 Note 9 
Pool-Pool Spacing, Lps (ft) -  - 24 – 60 25-55/45-75  

Pool-Pool Spacing Ratio, Lps/Wbkf 3.5 - 7 3.5 - 7 3.6 -5.5 
2.7–6.0/ 
4.3–7.2 Note 7 

DWAbkf /*
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Notes: 

1 A ‘C’ stream type is appropriate for a lower slopes (generally less than 0.015 ft/ft), wider alluvial valleys (generally 
greater than 100 ft).  A ‘Bc’ stream type is appropriate for higher slopes (generally greater than 0.015 ft/ft), in more 
confined valleys.  The channel dimension was based on relationships of W/D ratio to slope in NC Piedmont reference 
reach streams, as well as sediment transport analyses and past project evaluation. 

2 Bankfull discharge analysis was estimated using Manning’s equation (n = 0.04) to represent post-construction 
conditions. 

3 The W/D ratio was selected based on relationships of W/D ratio to slope in NC Piedmont reference reach streams, as 
well as sediment transport analyses and past project evaluation. 

4 Required for Rosgen stream classification. 

5 Ratio was based on past project evaluation of similar design channels as well NC Piedmont reference reach streams. 

6 A bank height ratio near 1.0 ensures that all flows greater than bankfull will spread onto a floodplain.  This minimizes 
shear stress in the channel and maximizes floodplain functionality, resulting in lower risk of channel instability. 

7 Design Values were chosen based on small piedmont stream reference reach data and past project evaluation. 

8 Due to the small channel sizes, facet slopes were not calculated for the proposed design. Past project experience has 
shown that these minor changes in slope between bedform features form naturally within the constructed channel, 
provided that the overall design channel slope is maintained after construction.   

9 Design Values were chosen based on reference reach comparison and past project evaluation.  It is more conservative to 
design a pool wider than the riffle.  Over time, the pool width may narrow from sediment deposits and vegetation growth, 
which is considered to be a positive evolutionary step towards stability. 

Parameter 
Composite Reference 

Values 
Design Values 

Rationale 
Reach R3 Reach R4 Reach R3 Reach R4 

Rosgen Stream Type  E/C5 C5 E/C5 C5 Note 1 
Bankfull Discharge, Qbkf (cfs) - - 16.5 11.1 Note 2 
Bankfull Mean Velocity, Vbkf (ft/s) 3.5 - 5 3.5 - 5 3.8 3.6 V=Q/A 
Bankfull Riffle XSEC Area, Abkf (sq ft) - - 4.1 3.1 Note 7 

Bankfull Riffle Width, Wbkf (ft) - - 7.0 6.3  
Bankfull Riffle Mean Depth, Dbkf (ft) - - 0.7 0.5 d=A/W 
Width to Depth Ratio, W/D (ft/ft) 10 - 14 10 - 14 12 (11 – 13) 13 (12 -14) Note 3 
Width Floodprone Area, Wfpa (ft) - - >16 >13  
Entrenchment Ratio, Wfpa/Wbkf (ft/ft) >2.2 > 2.2 >2.2 >2.1 Note 4 
Riffle Max Depth @ bkf, Dmax (ft) - - 0.7 0.6  
Riffle Max Depth Ratio, Dmax/Dbkf 1.2 – 1.4 1.1 – 1.4 1.2 1.2 Note 5 
Bank Height Ratio, Dtob/Dmax (ft/ft) 1.0 – 1.1 1.0 – 1.1 1.0 1.0 Note 6 
Meander Length, Lm (ft) - - 70 - 80 60 - 75 Note 7 
Meander Length Ratio, Lm/Wbkf  5  - 12 7 - 14 9 – 11.5 9.5 - 12 Note 7 
Radius of Curvature, Rc (ft) - - 15 – 21 12 - 18 Note 7 
Rc Ratio, Rc/Wbkf * 2 - 3 2 - 3 2 – 2.7  2 – 3  Note 7 
Belt Width, Wblt (ft) - - 18 - 28 20 - 29 Note 7 
Meander Width Ratio, Wblt/Wbkf  3.5 - 10 3.5 - 8 2.6 – 4.0 3.2 – 4.6 Note 7 

DWAbkf /*
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Sinuosity, K (TW length/ Valley length) 1.2 – 1.5 1.2 – 1.5 1.2 1.13 Note 7 

Valley Slope, Sval (ft/ft) 0.005 – 
0.015  

0.005 – 
0.015  

0.0182 0.024 
 

Channel Slope, Schan (ft/ft) - - 0.015 0.017  
Average Slope Riffle, Srif (ft/ft) - - 0.031 0.029  
Riffle Slope Ratio, Srif/Schan 1.1 – 2.0  1.1 – 2.0  2.1 1.7 Note 8 
Slope Pool, Spool (ft/ft) - - 0.005 0.005  
Pool Slope Ratio, Spool/Schan 0.0 – 0.4  0.0 – 0.4  0.3 0.2 Note 8 
Pool Max Depth, Dmaxpool (ft) - - 1.5 1.1  
Pool Max Depth Ratio, Dmaxpool/Dbkf 1.2 – 2.5  1.2 – 2.5  2.5 2.2 Note 7 
Pool Width, Wpool (ft) - - 10.0 8.5  
Pool Width Ratio, Wpool/Wbkf 1.1 – 1.5  1.1 – 1.5  1.3 1.4 Note 9 
Pool-Pool Spacing, Lps (ft) -  -  28 - 48 28 - 43  
Pool-Pool Spacing Ratio, Lps/Wbkf 2 – 6  2 – 6  3.7 – 6.3 4.6 – 7.0 Note 7 
Notes: 

1 A ‘C’ stream type is appropriate for a lower slopes (generally less than 0.015 ft/ft), wider alluvial valleys (generally 
greater than 100 ft).  A ‘Bc’ stream type is appropriate for higher slopes (generally greater than 0.015 ft/ft), in more 
confined valleys.  The channel dimension was based on relationships of W/D ratio to slope in NC Piedmont reference 
reach streams, as well as sediment transport analyses and past project evaluation. 

2 Bankfull discharge analysis was estimated using Manning’s equation (n = ~0.04) to represent post-construction 
conditions. 

3 The W/D ratio was selected based on relationships of W/D ratio to slope in NC Piedmont reference reach streams, as 
well as sediment transport analyses and past project evaluation. 

4 Required for Rosgen stream classification. 

5 Ratio was based on past project evaluation of similar design channels as well NC Piedmont reference reach streams. 

6 A bank height ratio near 1.0 ensures that all flows greater than bankfull will spread onto a floodplain.  This minimizes 
shear stress in the channel and maximizes floodplain functionality, resulting in lower risk of channel instability. 

7 Design Values were chosen based on small piedmont stream reference reach data and past project evaluation. 

8 Due to the small channel sizes, facet slopes were not calculated for the proposed design.  Past project experience has 
shown that these minor changes in slope between bedform features form naturally within the constructed channel, 
provided that the overall design channel slope is maintained after construction.   

9 Design Values were chosen based on reference reach comparison and past project evaluation.  It is more conservative to 
design a pool wider than the riffle.  Over time, the pool width may narrow from sediment deposits and vegetation growth, 
which is considered to be a positive evolutionary step towards stability. 

Parameter 
Composite Reference 

Values 
Design Values 

Rationale 
Reach R5 Reach R6 Reach R5 Reach R6 

Rosgen Stream Type C5 B5c C5 B5c Note 1 
Bankfull Discharge, Qbkf (cfs) - - 12.0 5.0 Note 2 
Bankfull Mean Velocity, Vbkf (ft/s) 3.5 - 5 4 – 6  3.3 3.3 V=Q/A 
Bankfull Riffle XSEC Area, Abkf (sq ft) - - 3.6 1.5 Note 7 

Bankfull Riffle Width, Wbkf (ft) - - 6.8 4.6  DWAbkf /*



MICHAEL BAKER ENGINEERING, INC.                                                                       PAGE 17-27                                          3/13/2015 
STREAM MITIGATION PLAN THOMAS CREEK RESTORATION PROJECT – FINAL 

Bankfull Riffle Mean Depth, Dbkf (ft) - - 0.5 0.3 d=A/W 
Width to Depth Ratio, W/D (ft/ft) 10 - 14 12 – 18 13 14 Note 3 
Width Floodprone Area, Wfpa (ft) - - >16 >9  
Entrenchment Ratio, Wfpa/Wbkf (ft/ft) > 2.2 1.4 – 2.2 >2.3 >2.0 Note 4 
Riffle Max Depth @ bkf, Dmax (ft) - - 0.7 0.4  
Riffle Max Depth Ratio, Dmax/Dbkf 1.1 – 1.4 1.2 – 1.4 1.4 1.3 Note 5 
Bank Height Ratio, Dtob/Dmax (ft/ft) 1.0 – 1.1 1.0 – 1.1 1.0 1.0 Note 6 
Meander Length, Lm (ft) - N/a 60 - 90 N/a Note 7 
Meander Length Ratio, Lm/Wbkf  7 - 14 N/a 8.8 – 13.2 N/a Note 7 
Radius of Curvature, Rc (ft) - N/a 14 - 20 N/a Note 7 
Rc Ratio, Rc/Wbkf * 2 - 3 N/a 2 - 3 N/a Note 7 
Belt Width, Wblt (ft) - N/a 28 - 45 N/a Note 7 
Meander Width Ratio, Wblt/Wbkf  3.5 - 8 N/a 4.1 – 6.6 N/a Note 7 
Sinuosity, K (TW length/ Valley length) 1.2 – 1.5 1.1 – 1.3 1.42 1.05 Note 7 

Valley Slope, Sval (ft/ft) 0.005 – 
0.015  

0.005 – 
0.015  

0.0134 0.033 
 

Channel Slope, Schan (ft/ft) - - 0.0124 0.030  
Average Slope Riffle, Srif (ft/ft) - - 0.0265 0.040  
Riffle Slope Ratio, Srif/Schan 1.1 – 2.0  1.1 – 1.8  2.1 1.3 Note 8 
Slope Pool, Spool (ft/ft) - - 0.0025 0.02  
Pool Slope Ratio, Spool/Schan 0.0 – 0.4  0.0 – 0.4  0.2 0.7 Note 8 
Pool Max Depth, Dmaxpool (ft) - - 1.3 1.0  
Pool Max Depth Ratio, Dmaxpool/Dbkf 1.2 – 2.5  1.2 – 2.5  2.6 3.3 Note 7 
Pool Width, Wpool (ft) - - 9.0 6.0  
Pool Width Ratio, Wpool/Wbkf 1.1 – 1.5  1.1 – 1.5  1.32 1.3 Note 9 
Pool-Pool Spacing, Lps (ft) -  -  25 – 55 N/a  
Pool-Pool Spacing Ratio, Lps/Wbkf 3.5 – 7  2 – 6  3.7 – 8.1  Note 7 
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Notes: 

1 A ‘C’ stream type is appropriate for a lower slopes (generally less than 0.015 ft/ft), wider alluvial valleys (generally 
greater than 100 ft).  A ‘Bc’ stream type is appropriate for higher slopes (generally greater than 0.015 ft/ft), in more 
confined valleys.  The channel dimension was based on relationships of W/D ratio to slope in NC Piedmont reference 
reach streams, as well as sediment transport analyses and past project evaluation. 

2 Bankfull discharge analysis was estimated using Manning’s equation (n = ~0.04) to represent post-construction 
conditions. 

3 The W/D ratio was selected based on relationships of W/D ratio to slope in NC Piedmont reference reach streams, as 
well as sediment transport analyses and past project evaluation. 

4 Required for Rosgen stream classification. 

5 Ratio was based on past project evaluation of similar design channels as well NC Piedmont reference reach streams. 

6 A bank height ratio near 1.0 ensures that all flows greater than bankfull will spread onto a floodplain.  This minimizes 
shear stress in the channel and maximizes floodplain functionality, resulting in lower risk of channel instability. 

7 Design Values were chosen based on small piedmont stream reference reach data and past project evaluation. 

8 Due to the small channel sizes, facet slopes were not calculated for the proposed design.  Past project experience has 
shown that these minor changes in slope between bedform features form naturally within the constructed channel, 
provided that the overall design channel slope is maintained after construction.   

9 Design Values were chosen based on reference reach comparison and past project evaluation.  It is more conservative to 
design a pool wider than the riffle.  Over time, the pool width may narrow from sediment deposits and vegetation growth, 
which is considered to be a positive evolutionary step towards stability. 

Parameter 
Composite Reference 

Values 
Design Values 

Rationale 
Reach R7 Reach T1 Reach R7 Reach T1 

Rosgen Stream Type  B5c B5c B5c B5c Note 1 
Bankfull Discharge, Qbkf (cfs) - - 5.0 13.9 Note 2 
Bankfull Mean Velocity, Vbkf (ft/s) 4 – 6  4 – 6  3.33 3.66 V=Q/A 
Bankfull Riffle XSEC Area, Abkf (sq ft) - - 1.5 3.8 Note 7 

Bankfull Riffle Width, Wbkf (ft) - - 4.6 7.0  
Bankfull Riffle Mean Depth, Dbkf (ft) - - 0.3 0.6 d=A/W 
Width to Depth Ratio, W/D (ft/ft) 12 – 18 12 – 18 14 13 Note 3 
Width Floodprone Area, Wfpa (ft) - - N/a   
Entrenchment Ratio, Wfpa/Wbkf (ft/ft) 1.4 – 2.2 1.4 – 2.2 N/a  Note 4 
Riffle Max Depth @ bkf, Dmax (ft) - - 0.4 0.7  
Riffle Max Depth Ratio, Dmax/Dbkf 1.2 – 1.4 1.2 – 1.4 1.3 1.17 Note 5 
Bank Height Ratio, Dtob/Dmax (ft/ft) 1.0 – 1.1 1.0 – 1.1 1.0 1.0 Note 6 
Meander Length, Lm (ft) N/a N/a N/a N/a Note 7 
Meander Length Ratio, Lm/Wbkf  N/a N/a N/a N/a Note 7 
Radius of Curvature, Rc (ft) N/a N/a N/a 13.5 – 18 Note 7 
Rc Ratio, Rc/Wbkf * N/a N/a N/a 2.0 – 2.6 Note 7 
Belt Width, Wblt (ft) N/a N/a N/a N/a Note 7 
Meander Width Ratio, Wblt/Wbkf  N/a N/a N/a N/a Note 7 

DWAbkf /*
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Sinuosity, K (TW length/ Valley length) 1.1 – 1.3 1.1 – 1.3 1.11 1.16 Note 7 

Valley Slope, Sval (ft/ft) 0.005 – 
0.015  

0.005 – 
0.015  

0.036 0.005 
Sval / K 

Channel Slope, Schan (ft/ft) - - 0.032 0.004  
Average Slope Riffle, Srif (ft/ft) - - N/a 0.0135  
Riffle Slope Ratio, Srif/Schan 1.1 – 1.8  1.1 – 1.8  N/a 3.4 Note 8 
Slope Pool, Spool (ft/ft) - - N/a 0.0001  
Pool Slope Ratio, Spool/Schan 0.0 – 0.4  0.0 – 0.4  N/a 0.0 Note 8 
Pool Max Depth, Dmaxpool (ft) - - 1.0 1.4  
Pool Max Depth Ratio, Dmaxpool/Dbkf 1.2 – 2.5  1.2 – 2.5  3.3 2.0 Note 7 
Pool Width, Wpool (ft) - - 6.0 9.0  
Pool Width Ratio, Wpool/Wbkf 1.1 – 1.5  1.1 – 1.5  1.3 1.32 Note 9 
Pool-Pool Spacing, Lps (ft) -  -  N/a 25 -42  
Pool-Pool Spacing Ratio, Lps/Wbkf 2 – 6  2 – 6  N/a 3.7 – 6.2 Note 7 
Notes: 

1 A ‘C’ stream type is appropriate for a lower slopes (generally less than 0.015 ft/ft), wider alluvial valleys (generally 
greater than 100 ft).  A ‘Bc’ stream type is appropriate for higher slopes (generally greater than 0.015 ft/ft), in more 
confined valleys.  The channel dimension was based on relationships of W/D ratio to slope in NC Piedmont reference 
reach streams, as well as sediment transport analyses and past project evaluation. 

2 Bankfull discharge analysis was estimated using Manning’s equation (n = ~0.04) to represent post-construction 
conditions. 

3 The W/D ratio was selected based on relationships of W/D ratio to slope in NC Piedmont reference reach streams, as 
well as sediment transport analyses and past project evaluation. 

4 Required for Rosgen stream classification. 

5 Ratio was based on past project evaluation of similar design channels as well NC Piedmont reference reach streams. 

6 A bank height ratio near 1.0 ensures that all flows greater than bankfull will spread onto a floodplain.  This minimizes 
shear stress in the channel and maximizes floodplain functionality, resulting in lower risk of channel instability. 

7 Design Values were chosen based on small piedmont stream reference reach data and past project evaluation. 

8 Due to the small channel sizes, facet slopes were not calculated for the proposed design.  Past project experience has 
shown that these minor changes in slope between bedform features form naturally within the constructed channel, 
provided that the overall design channel slope is maintained after construction.   

9 Design Values were chosen based on reference reach comparison and past project evaluation.  It is more conservative to 
design a pool wider than the riffle.  Over time, the pool width may narrow from sediment deposits and vegetation growth, 
which is considered to be a positive evolutionary step towards stability. 
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 Figure 17.3   Mitigation Work Plan
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17.1.3 Reference Reach Data Indicators 

Reference reach surveys are valuable tools used for comparison. The morphologic data 
obtained such as dimension, pattern, and profile can be used as a template for design of a 
stable stream in a similar valley type with similar bed material, as well as with similar 
watershed land use. In order to extract the morphological relationships observed in a stable 
system, dimensionless ratios are developed from the surveyed reference reach. These ratios 
can be applied to a stream design to allow the designer to ‘mimic’ the natural, stable form of 
the target channel type. 

While reference reach data can be a useful aid in designing channel dimension, pattern, and 
profile, there are limitations in smaller stream systems. The flow patterns and channel 
formation for most reference reach quality streams is often controlled by slope, drainage areas 
and large trees and/or other deep rooted vegetation. Some meander geometry parameters, 
such as radius of curvature, are particularly affected by vegetation control. Pattern ratios 
observed in reference reaches may not be applicable or are often adjusted in the design 
criteria to create more conservative designs that are less likely to erode after construction, 
before the permanent vegetation is established. Often the best reference data is from adjacent 
stable stream reaches, or reaches within the same watershed.   

Baker selected two nearby reference reaches, the Little Beaver Creek reference reach and 
Thomas Creek upper Reach R4, as shown on Figure 17.4. The Little Beaver Creek reference 
reach is located three miles northeast of the Thomas Creek property and is also located within 
the Triassic Basin. The surveyed reach is located to the north of Fairfield Lane, Lots 19 and 
20, and begins approximately 900 feet upstream from the Ecosystem Enhancement Program’s 
Little Beaver Creek mitigation project. The drainage area is approximately 198 acres or 0.30 
square miles. The watershed has a two percent slope and the landuse is similar to what 
Thomas Creek will become after it has been restored; namely, mostly forested with few 
pasture areas and limited development (i.e., low imperviousness).  

Earth Tech, Inc. surveyed the Little Beaver Creek reference reach in July 2002, recording 
dimension, pattern, and profile for 360 linear feet of stream channel (Earth Tech, 2003). The 
bankfull dimensions were 14.4 feet for width and 0.85 feet for mean depth. It is classified as a 
Rosgen ‘C5’ stream type that is suitable as a reference for the lower reaches of the Thomas 
Creek project, including R1 and lower R2, and to a lesser extent, R5.  

The second reference reach is on the Thomas Creek project property. The restoration segment 
of Reach R4 is on the downstream end. An existing ford crossing has stopped the migration 
of a headcut that started in Reach R2; consequently, upstream from the crossing Reach R4 is 
of reference quality. 

Reach R4 begins at the northern property line just downstream from the confluence of two 
small drainages in the northeast end of the project property. The drainage area for Reach R4 
is 37 acres. The bankfull dimensions were 3.5 feet for width and 0.8 feet for mean depth, 
which equates to a width-to-depth ratio of 4.4. Upper Reach R4 is a Rosgen “E” stream type 
with bank height ratio of 1.0, which makes somewhat suitable for use as a reference reach for 
the upper reaches of the Thomas Creek project, including Reaches R3, lower R4, lower R5, 
and T1. The valley slope for upper Reach R4 is 0.015, which is quite steep for an E stream 
type. The sinuosity is 1.3, which reduces the channel slope. Tree roots and stems are provide 
grade control and bank stability. The design channels will target higher width to depth ratios 
than upper Reach R4 to reduce stress on streambanks that lack mature vegetation.  

One difference between upper Reach R4 (reference reach) and Reaches R3 and lower R4 
(restoration reaches) is that the valley width for the reference reach is noticeably wider. This 
difference is important because it prevents the restoration reaches from achieving the same 
meander geometry as the reference reach.  
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These data helped to provide a basis for evaluating the valley slope and topography of the 
project site and determining the stream systems that may have been present historically 
and/or how they may have been influenced by changes within the watershed.   

The reference reaches fall within the same climatic, topographical, physiographic, and 
ecological region as the Thomas Creek restoration site. These systems exist as smaller 
intermittent/perennial streams in which flows tend to be relatively steady, with floods of short 
duration, and seasonal periods of low or even no flow. Upper Reach R4 is more on the 
intermittent end while the Little Beaver Creek reference reach is more on the perennial end of 
the continuum.  

The wooded portions of the site consist of a combination of Dry-Mesic Oak-Hickory Forest 
in the uplands with Piedmont/Mountain Alluvial Forest and Bottomland Forest in the lower 
areas and floodplains on the site (Schafale and Weakley, 1990). See Section 17.4 for further 
description of the existing Thomas Creek site vegetation. The vegetation community at 
nearby Little Beaver Creek is representative of native species found throughout the Thomas 
Creek site. 

The primary soil series mapped at the Little Beaver reference site is Wehadkee silt loam 
(WnA) and can be generally described as poorly drained alluvial loam found on floodplains 
(NRCS, 1970). As described in section 2.1, the soils on upper Reach R4 and the rest of the 
Thomas Creek project area are Wehadkee and Bibb series. Thus, the reference site soils are 
essentially the same as the project site soils. Both the Wehadkee and Bibb have slow to 
ponded surface runoff. Infiltration is fair for the Wehadkee and good for the Bibb (sandy 
loam in top 4 to 12 inches), owing to slightly more sand in surface layer.  
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Table 17.4  Reference Reach Parameters Used to Inform Design Ratios 

Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

  Little Beaver Creek Thomas Creek R4 

Parameter MIN MAX MIN MAX 

Drainage Area, DA (sq mi) 0.3 0.05 

Stream Type (Rosgen) C5 E5 

Bankfull Discharge, Qbkf (cfs) 40 10 

Bankfull Width, Wbkf (ft) 14.4 3.5 

Bankfull Riffle Cross-Sectional Area,       
Abkf (sq ft) 

12.3 2.7 

Bankfull Mean Velocity, Vbkf (ft/s) 3.3 3.7 

Width to Depth Ratio, W/D (ft/ft) 15.6 18.4 4.5 5.6 

Entrenchment Ratio, Wfpa/Wbkf (ft/ft) 8.9 13.6 12.3 12.3 

Riffle Max Depth Ratio, Dmax/Dbkf 2.2 2.5 1.6 1.7 

Bank Height Ratio, Dtob/Dmax (ft/ft) 1.0 1.0 1.0 1.1 

Meander Length Ratio, Lm/Wbkf 3.2 4.7 6.7 10.8 

Rc Ratio, Rc/Wbkf 0.76 1.3 2.6 4.7 

Meander Width Ratio, Wblt/Wbkf 0.35 1.5 5.4 8.1 

Sinuosity, K 1.2 1.3 

Valley Slope, Sval (ft/ft) 0.0061 0.015 

Channel Slope, Schan (ft/ft) 0.0051 0.012 

Pool Max Depth Ratio, Dmaxpool/Dbkf 3.3 3.3 0.9 1.5 

Pool Width Ratio, Wpool/Wbkf 1.3 1.3 1.2 1.5 

Pool-Pool Spacing Ratio, Lps/Wbkf 1.0 3.3 2.7 5.4 

d16 (mm) 0.175 0.13 

d35 (mm) 0.375 0.34 

d50 (mm) 1.0 0.52 

d84 (mm) 13.6 1.19 

d95 (mm) 19.3 1.79 
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     Figure 17.4   Reference Streams Location Map 
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17.2 Bankfull Verification Analysis  

17.2.1 Bankfull Stage and Discharge  

Bankfull stage and its corresponding discharge are the primary variables used to develop a 
natural channel design.  The bankfull stage corresponds with the discharge that fills a channel 
to the elevation of the active floodplain and represents a breakpoint between processes of 
channel formation and floodplain development. Numerous definitions exist of bankfull stage 
and methods for its identification in the field (Wolman and Leopold, 1957; Nixon, 1959; 
Schumm, 1960; Kilpatrick and Barnes, 1964; and Williams, 1978).   The bankfull discharge, 
which also corresponds with the dominant discharge or effective discharge, is considered to 
be a peak flow, along with the range of flows, that moves the most sediment over time in 
stable alluvial channels and helps form the shape and size of the active channel.    

The correct identification of bankfull stage in the humid Southeast can be especially difficult 
and subjective because of dense understory vegetation and a long history of channel 
modification and subsequent adjustment in channel morphology. Field indicators commonly 
include the back of point bars, significant breaks in slope, changes in vegetation, the highest 
scour line, or the top of the streambank (Leopold, 1994). The most consistent bankfull 
indicators for streams in the Piedmont of North Carolina are the backs of point bars, breaks in 
slope at the front of flat bankfull benches, or the top of the streambanks (Harman et al., 
1999).  

Upon completion of the geomorphic field survey, accurate identification of bankfull stage and 
corresponding discharge could not be made in all reach sections throughout the site due to 
incised/impaired channel conditions. Although, some field indicators were apparent in 
portions of Reaches R2, R4, and R5, with lower streambank heights and discernible scour 
features, the reliability of the indicators was inconsistent due to the altered condition of the 
stream channels. For this reason, regional curve relationships (based on drainage areas) were 
used to develop the bankfull discharge estimates for the project reaches. The curve 
relationships were compared to stable representative cross sections on-site to select an 
appropriate design discharge estimate.  

17.2.2 Bankfull Hydraulic Geometry Relationships (Regional Curve Predictions)  

Hydraulic geometry relationships are often used to predict channel morphology features and 
their corresponding dimensions. The stream channel hydraulic geometry theory developed by 
Leopold and Maddock (1953) describes the interrelations between dependent variables such 
as width, depth, and area as functions of independent variables such as watershed area or 
discharge. These rainfall/runoff relationships can be developed at a single cross section or 
across many stations along a reach (Merigliano, 1997). Hydraulic geometry relationships are 
empirically derived and can be developed for a specific river or extrapolated to a watershed in 
the same physiographic region with similar rainfall/runoff relationships (FISRWG, 1998). 

Regional curves developed by Dunne and Leopold (1978) relate bankfull channel dimensions 
to drainage area. A primary purpose for developing regional curves is to aid in identifying 
bankfull stage and dimension in ungaged watersheds, as well as to help estimate the bankfull 
dimension and discharge for natural channel designs (Rosgen, 1994). Gage station analyses 
throughout the United States have shown that the bankfull discharge has an average return 
interval of 1.5 years or 66.7% annual exceedence probability on the maximum annual series 
(Dunne and Leopold, 1978; Leopold, 1994).   

Regional curves are available for a range of stream types and physiographic provinces. The 
published NC Rural Piedmont Regional Curve (Harman et al., 1999) and the updated NC 
Piedmont Regional Curve developed by the Natural Resources Conservation Service 
(Walker, 2012) were used for comparison with other site-specific methods of estimating 
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bankfull discharge. Baker has successfully implemented a significant number of stream 
restoration projects in North Carolina using the published curve data and has produced “mini-
curves” specific to many of these projects. The NC Rural Piedmont Regional curve equations 
developed from the studies are shown below in Table 17.5.     

Table 17.5   NC Rural Piedmont Regional Curve Equations   
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

NC Piedmont Rural Regional Curve 
Equations  
(Harman et al., 1999) 

NC Piedmont Rural Regional Curve 
Equations (Revised NC Rural 
Piedmont Regional Curve              
(Walker, 2012) 

Qbkf  = 66.57 Aw 
0.89       R2=0.97 Qbkf  = 58.26 Aw 

0.78       R2=0.99 

Abkf  = 21.43 Aw 
0.68       R2=0.95 Abkf  = 15.65Aw 

0.69       R2=0.99 

Wbkf  = 11.89 Aw 
0.43       R2=0.81 Wbkf  = 11.64 Aw 

0.46       R2=0.98 

Dbkf  = 1.50 Aw 
0.32       R2=0.88 Dbkf  = 1.15 Aw 

0.28       R2=0.96 

 

Based on observations made in small rural piedmont streams, a growing number of data 
points provide supporting evidence for the selection of bankfull indicators that produce 
smaller dimensions and flow rates than the published regional curve data. However, that does 
not appear to be the case for all the Thomas Creek project reaches.  

As a comparison of a representative stable cross section (2b) identified within upper Reach 
R2, the NC Piedmont Regional Curve estimates a bankfull cross-sectional area (Abkf) of 
approximately 6.0 sf and a bankfull discharge (Qbkf) of approximately 11.1 cfs for a 0.153 mi2 
watershed. The revised rural piedmont regional curve estimates the Abkf of 4.3 sf and the Qbkf 
of 13.5 cfs. The existing surveyed channel dimension has cross-sectional area at the top-of-
streambank/bankfull indicator of 5.6 sf. Similarly, for the representative stable cross section 
(4b) in upper Reach R4, the NC Piedmont Regional Curve estimates a bankfull cross-
sectional area (Abkf) of approximately 3.1 sf and a bankfull discharge (Qbkf) of approximately 
11.1 cfs for a 0.056 mi2 watershed. The revised piedmont regional curve estimates the Abkf of 
2.1 sf and the Qbkf of 6.2 cfs. The existing surveyed channel dimension has cross-sectional 
area at the top-of-streambank/bankfull indicator of 2.7 sf.  

Other measurements were taken around the Thomas Creek project area with similar results; 
the published (1999) Piedmont regional curve was generally close to the bankfull area from 
field measurements (see Table 17.6). In one case, the measured bankfull area was larger than 
that estimated by the regional curve. Thus, it appears that published Piedmont regional curve 
is generally useful for the smaller Triassic basin streams that are part of the Thomas Creek 
project.  
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Table 17.6 Comparison of Bankfull Areas  
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Reach DA (sq mi) 
Estimate from 1999 

Regional Curve (sq ft) 
Measured At Bankfull 

Indicator (sq ft) 

R1 0.384 11.2 12.0 
R2_lower 0.219 7.7 7.5 
R2_upper 0.153 6.0 5.6 

R4 0.056 3.1 2.7, 3.1 
R5 0.083 4.0 3.4, 3.75 

Note: drainage areas in this table apply to cross section locations, not the outlet point of each reach. 

17.2.3 Conclusions for Channel Forming Discharge 

As described above in Section 17.2.1, Rosgen’s stream classification system (Rosgen, 1996) 
depends on the proper field identification of consistent geomorphic features related to the 
active floodplain. Although bankfull stage verification was not possible in the field for all 
reaches under current conditions, the cross-section data used for the above regional curve 
comparison are within an acceptable range of values given the existing channel conditions, 
geologic features, and flow regime/dentritic drainage patterns.  

Table 17.7 provides a bankfull discharge analysis based on the bankfull regional curves, the 
Manning’s equation discharges calculated from the representative cross sections for each 
reach, and the bankfull design discharge estimations based on the proposed design cross 
sections for all project reaches. 

Manning’s roughness (n) was estimated using the USGS paper “Guide for Selecting 
Manning’s Roughness Coefficients for Natural Channels and Floodplains” (Arcement and 
Schneider, 1989). Although selecting a Manning’s roughness coefficient can be somewhat 
subjective, the goals was to select a design value representative of a sand bed channel 
immediately after construction with some influence from debris, meandering, and minimal 
vegetation (e.g, livestakes, log jams, log vanes, herbaceous growth, etc.). The stream power is 
higher and the sediment supply should be lower for this system, so a conservative n value was 
chosen. Considering additional bedform roughness will be created (e.g., log jams, constructed 
riffles), over time the roughness should increase as vegetation establishes so that n values 
may range from 0.07 to greater than 0.10.  
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Table 17.7  Bankfull Discharge Analysis Summary 

Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Estimating Method 
Bankfull Velocity 

(ft/sec) 
Bankfull Discharge 

(cfs) 
 Reach R1 

NC Rural Piedmont Regional Curve1 4.0 44.6 
NRCS NC Rural Piedmont Regional Curve2 3.4 27.6 
Friction Factor to Relative Roughness Ratio method3 6.0 67.8 
Manning’s “n” from friction factor and relative roughness3 4.9 55.0 
Manning’s “n” from stream type3 3.4 38.0 
Design Estimate 4.1 47.0 

 Reach R2 
NC Rural Piedmont Regional Curve1 3.9 29.7 
NRCS NC Rural Piedmont Regional Curve2 3.2 17.8 
Friction Factor to Relative Roughness Ratio method3 4.3 33.3 
Manning’s “n” from friction factor and relative roughness3 3.6 27.5 
Manning’s “n” from stream type3 2.5 19.0 
Design Estimate 3.7 30.0 

 Reach R3 
NC Rural Piedmont Regional Curve1 3.8 16.5 
NRCS NC Rural Piedmont Regional Curve2 3.0 9.4 
Friction Factor to Relative Roughness Ratio method3 4.0 17.3 
Manning’s “n” from friction factor and relative roughness3 3.5 15.0 
Manning’s “n” from stream type3 2.4 10.4 
Design Estimate 3.7 16.0 

 Reach R4 
NC Rural Piedmont Regional Curve1 3.6 11.1 
NRCS NC Rural Piedmont Regional Curve2 3.0 6.2 
Friction Factor to Relative Roughness Ratio method3 3.1 9.7 
Manning’s “n” from friction factor and relative roughness3 2.8 8.7 
Manning’s “n” from stream type3 1.9 6.0 
Design Estimate 3.3 10.0 
 Reach R5 
NC Rural Piedmont Regional Curve1 3.7 14.7 
NRCS NC Rural Piedmont Regional Curve2 3.4 9.4 
Friction Factor to Relative Roughness Ratio method3 4.0 14.4 
Manning’s “n” from friction factor and relative roughness3 3.5 12.5 
Manning’s “n” from stream type3 3.1 8.6 
Design Estimate 3.9 14.0 

Notes: 
1 NC Piedmont Regional Curve (Harman et al., 1999). 
2 Revised NC Rural Piedmont Regional Curve developed by NRCS (Walker, 2012). 
3 WARSSS, 2006 spreadsheet.  Bankfull discharge estimates vary based on Manning’s Equation for 
the riffle cross section.  Bankfull stage roughness estimates (n-values) ranged from approximately 

0.035 to 0.055 based on channel slopes, depth, bed material size, and vegetation influence. 
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17.3 Sediment Transport Analysis 

17.3.1 Background and Methodology 

The purpose of a sediment transport analysis is to ensure that the stream restoration design creates a 
stable channel that does not aggrade or degrade over time. The overriding assumption is that the site 
streams should be transporting the total sediment load delivered from upstream sources. The ability of 
the stream to transport its total sediment load can be quantified through two measures: sediment 
transport competency (force) and sediment transport capacity (power). Lane (1955) describes a 
generalized relationship of stream stability and dynamic equilibrium wherein the product of sediment 
load and sediment size is proportional to the product of stream slope and discharge.   
 
Sediment transport capacity is a stream’s ability to move a mass of sediment through a cross-section 
dimension, and is a measurement of stream power, often expressed in units of watts/square meter 
(Watts/meter2). Transport competency is a stream’s ability to move particles of a given size and is a 
measurement of force, often expressed as units of pounds per square foot (lbs/ft2). A stream’s 
competency is estimated in terms of the relationship between critical and actual depth, at a given slope, 
and occurs when the critical depth produces enough shear stress to move the largest (d100) particle size. 
 
In sand bed streams, such as Thomas Creek and its tributaries, sediment transport capacity is the critical 
analysis. The total volume of sediment transported through a cross section consists of bedload plus 
suspended load fractions. Suspended load is normally composed of fine sand, silt, and clay particles 
transported in the water column. The bedload generally includes relatively larger particles, such as 
coarser sand and finer gravel, which are mobilized by rolling, sliding, or bouncing (saltating) along the 
bed.   
 
Given the steeper slopes of the project reaches, there is ample stream power (i.e., capacity) to move the 
sediment load and very little risk of aggradation. Baker developed a HEC-RAS model for Reach R3 and 
found that stream power remains high in the proposed conditions, particularly at the lower end of the 
riffles. Thus, to guard against degradation, very frequent constructed threshold riffles that are immobile 
have been included in the design. This is one of the recommendations from a study of Piedmont sand 
bed streams conducted by Buck Engineer (now Baker) for NCEEP (Buck Engineering, 2007). The 
watershed does not appear to be sediment supply limited, so material that is transported from riffle beds 
may be replaced by sediment supply from upstream. However, given the high stream power and 
channel stabilization measures (which will reduce sediment supply) undertaken as part of this project, 
incorporating frequent grade control in the riffles provides insurance against channel degradation. 
Additionally, should the watershed further develop, riffle grade control will protect against a flashier 
hydrologic response.  
 

17.3.2 Sampling Data Results 

Sediment samples, consisting of bulk samples across the active channel bed, were collected along the 
project reaches and dry sieved in a lab to obtain a sediment size distribution. The sample locations are 
shown on Figure 17.1. The sieve data shown in Figure 17.5 show that all samples have a d50 in the 
0.25-0.5 mm range, indicating that the dominant bed material in the stream channel is medium sand 
under current conditions. Additionally, the largest particles are fine to medium gravel in all cases, with 
the largest particles less than 16 mm. 
 
It should be noted that the modified Wolman pebble count (Rosgen, 1994) is not appropriate for sand-
bed systems; therefore, a bulk sample procedure was only used to characterize the bed material for all 
of the Thomas Creek sediment samples. All of the reaches contain sand, silt, and muck stream bottom 
due to the parent soil and cattle impacts. Gravel composes approximately one (R1, R5, R7) to eight 
(R3) percent of the substrate in all locations.  
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Figure 17.5  Sediment Particle Size Distribution  
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Figure 17.5  Sediment Particle Size Distribution (Continued)  
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Figure 17.5  Sediment Particle Size Distribution (Continued)  
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As a design consideration, the proposed substrate material mix (riffle armor) will contain particle sizes 
larger than those predicted to move based on the Shield’s Curve to achieve vertical stability 
immediately after construction. The site has both steep (> 0.02 ft/ft) and flatter channel slopes 
throughout the tributaries and the main stem. In general, the proposed design channels with riffle slopes 
greater than 1% will be constructed using larger particles. Any concerns regarding further channel 
degradation and vertical stability will be addressed by installing a combination of grade control 
structures such as constructed riffles and log/rock step pools.    
 
The prediction calculations shown on Table 17.8 include shear stress, tractive force, and critical 
dimensionless shear stress, which help to determine a particle size class (e.g., sand, gravel, cobble) that 
is mobile, or entrained, under various flow conditions (WARSS, 2006).   
 
 
 
 
 
 
 
 
 

  Table 17.8   Boundary Shear Stress and Stream Power for Existing and Proposed Conditions 

   Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Parameter 
Reach R1  
Existing 

Conditions 

Reach R1 
Proposed 

Conditions 

Reach R2 
Existing 

Conditions 

Reach R2   
Proposed 

Conditions 

 Bankfull Discharge Estimate, Q (cfs) 46 46 30 30 

 Bankfull XS Area (square feet) 11.2 11.2 7.7 7.7 

 Mean Bankfull Velocity (ft/sec) 4.1 4.1 3.8 3.8 

 Bankfull Width, W (feet) 9.0 12.5 6.5 10.4 

 Bankfull Mean Depth, D (feet) 1.3 0.9 1.2 0.7 

 Width to Depth Ratio, w/d (feet/ foot) 7.2 14.0 5.4 14.0 

 Wetted Perimeter (feet) 11.5 14.3 8.9 11.9 

 Hydraulic Radius, R (feet) 0.98 0.78 0.87 0.65 

 Channel Slope (feet/foot) 0.016 0.016 0.009 0.0080 

 Boundary Shear Stress, τ (lbs/ft2) 1.24 0.89 0.65 0.38 

 Subpavement d100 (mm) 6.8 6.8 13.5 13.5 

Largest Moveable Particle (mm) per     
Modified Shield’s Curve 

300 210 170 100 

 Predicted Critical Depth (feet) 0.08 0.08 0.11 0.11 

 Predicted Critical Slope (feet/ foot) 0.001 0.001 0.001 0.001 

 Stream Power (W/m2) 73.4 52.8 36.9 13.1 
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  Table 17.8   cont. Boundary Shear Stress and Stream Power for Existing and Proposed Conditions 

   Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Parameter 
Reach R3  
Existing 

Conditions 

Reach R3 
Proposed 

Conditions 

Reach R4 
Existing 

Conditions 

Reach R4   
Proposed 

Conditions 

 Bankfull Discharge Estimate, Q (cfs) 16 16 10 10 

 Bankfull XSC Area (square feet) 4.4 4.4 3.1 3.1 

 Mean Bankfull Velocity (ft/sec) 3.6 3.6 3.2 3.2 

 Bankfull Width, W (feet) 5.3 7.8 4.5 6.3 

 Bankfull Mean Depth, D (feet) 0.8 0.6 0.7 0.5 

 Width to Depth Ratio, W/D (ft/ft) 6.5 14.0 6.4 13.0 

 Wetted Perimeter (feet) 6.9 8.9 5.9 7.3 

 Hydraulic Radius, R (feet) 0.62 0.48 0.53 0.43 

 Channel Slope (feet/foot) 0.015 0.014 0.012 0.013 

 Boundary Shear Stress, τ (lbs/ft2) 0.76 0.56 0.52 0.40 

 Subpavement d100 (mm) 13.5 13.5 6.8 6.8 

Largest Moveable Particle (mm) per     
Modified Shield’s Curve 

190 140 140 100 

 Predicted Critical Depth (feet) 0.16 0.16 0.2 0.18 

 Predicted Critical Slope (feet/ foot) 0.003 0.004 0.003 .005 

 Stream Power (W/m2) 38.6 24.5 36.3 23.3 

Parameter 
Reach R5  
Existing 

Conditions 

Reach R5 
Proposed 

Conditions 
  

 Bankfull Discharge Estimate, Q (cfs) 14 14   

 Bankfull XSC Area (square feet) 3.6 3.6   

 Mean Bankfull Velocity (ft/sec) 3.9 3.9   

 Bankfull Width, W (feet) 4.1 6.8   

 Bankfull Mean Depth, D (feet) 1.0 0.5   

 Width to Depth Ratio, W/D (ft/ft) 4.2 13.0   

 Wetted Perimeter (feet) 6.4 7.9   

 Hydraulic Radius, R (feet) 0.69 0.46   

 Channel Slope (feet/foot) 0.015 0.012   
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  Table 17.8   cont. Boundary Shear Stress and Stream Power for Existing and Proposed Conditions 

   Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Parameter 
Reach R5  
Existing 

Conditions 

Reach R5 
Proposed 

Conditions 
  

Boundary Shear Stress, τ (lbs/ft2) 0.84 0.37   

 Subpavement d100 (mm) 13.5 13.5   

Largest Moveable Particle (mm) per     
Modified Shield’s Curve 

200 100   

 Predicted Critical Depth (feet) 0.16 0.15   

 Predicted Critical Slope (feet/ foot) 0.003 0.005   

 Stream Power (W/m2) 43.4 22.4   

 
 

17.4 Existing Vegetation Assessment 
The riparian areas within and adjacent to the proposed project area consists of mature successional forest, 
pasture, agricultural fields, and maintained/disturbed pine forest, as described by Schafale and Weakley 
(1990). Historic land management surrounding the project area has been primarily for agricultural and 
silvicultural purposes and the significant removal of native tree species vegetation in the riparian zone 
(lower R5, lower R2, and R1). The wooded portions of the site consist of a combination of Dry-Mesic 
Oak-Hickory Forest in the uplands with Piedmont/Mountain Alluvial Forest and Bottomland Forest in the 
lower areas and floodplains on the site (Schafale and Weakley, 1990). The riparian buffer along upper 
Reach R2 lacks much understory vegetation due to extensive livestock use and grazing. The riparian 
buffer areas overall ranged from somewhat disturbed to very disturbed and a general description of each 
community follows.          

17.4.1 Maintained/Disturbed 

This community is primarily located in the fields adjacent to the upper portions of the project area along 
Reaches R3 and R6. Past harvesting for silviculture is clearly evident in these areas with abandoned 
logging roads and old woody debris piles present. Early successional vegetation such as sweetgum 
(Liquidambar styraciflua), loblolly pine (Pinus taeda), and red maple (Acer rubrum) dominate, with a 
thick shrub understory of similar species along with multiflora rose (Rosa multiflora) and goldenrod 
(Solidago spp.), as well as vines including blackberry (Rubus spp.), greenbriar (Smilax rotundifolia), 
poison ivy (Toxicodendron radicans), and muscadine grape (Vitis rotundifolia).   

17.4.2 Agricultural Fields and Pasture Areas 

This community covers approximately 30-40 percent of the project area. Currently, the pasture areas are 
used for cattle grazing. The vegetation within open fields and pasture areas is primarily comprised of 
fescues, clovers, and scattered weeds consisting of dog fennel (Eupatorium capillifolium), horse-nettle 
(Solanum carolinense), buttercup (Ranunculus spp.), and thistle (Cirsium vulgare). The wetland areas 
found within the pasture contain these plants as well, but also include a variety of wetter species such as 
shallow sedge (Carex lurida), awl-fruit sedge (Carex stipata), soft rush (Juncus effusus), blunt 
spikerush (Eleocharis obtuse), and smartweed (Polygonum pennsylvaticum). In the narrow, wooded 
riparian areas within the pastures and fields, the canopy is dominated by white oak (Quercus alba), red 
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maple (Acer rubrum), red cedar (Juniperus virginiana), and sweetgum (Liquidambar styraciflua), with 
a relatively sparse understory consisting of sweetgum (Liquidambar styraciflua), red cedar (Juniperus 
virginiana), American holly (Ilex opaca), and loblolly pine (Pinus taeda).  Woody shrub and vine 
species include Chinese privet (Ligustrum sinense), blackberry (Rubus spp.), and greenbrier (Smilax 
rotundifolia).  

17.4.3 Dry-Mesic Oak-Hickory Forest/Alluvial and Bottomland Forest 

These forested areas comprise approximately 60-70 percent of the project area, mostly in the upper 
reaches. The canopy and understory is dominated by tulip poplar (Liriodendron tulipifera), white oak 
(Quercus alba), sweetgum (Liquidambar styraciflua), red maple (Acer rubrum), northern red oak 
(Quercus rubra), loblolly pine (Pinus taeda), mockernut hickory (Carya tomentosa), and pignut hickory 
(Carya glabra), but also includes some black gum (Nyssa sylvatica), sourwood (Oxydendrum 
arboretum), water oak (Quercus nigra), ironwood (Carpinus caroliniana), black cherry (Prunus 
serotina), winged elm (Ulmus alata), American holly (Ilex opaca), and mulberry (Morus rubra).  
Woody shrubs are relatively sparse and generally just include younger specimens of the overstory 
species. Vines and herbaceous species found here include blackberry (Rubus spp.), greenbriar (Smilax 
rotundifolia), poison ivy (Toxicodendron radicans), and muscadine grape (Vitis rotundifolia), along 
with multiflora rose (Rosa multiflora), strawberry bush (Euonymus americanus), little brown jugs 
(Hexastylis arifolia), Christmas fern (Polystichum acrosticoides), blueberry (Vaccinium spp.), New 
York fern (Parathelypteris noveboracensis), and goldenrod (Solidago spp.). 
 
In the floodplains and lower portions of these forested areas, the vegetation shifts to species more 
characteristic of piedmont alluvial and bottomland forests. The canopy and understory here includes 
species such as sycamore (Platanus occidentalis), American elm (Ulmus americana), green ash 
(Fraxinus pennsylvanica), willow oak (Quercus phellos), and shagbark hickory (Carya ovata), in 
addition to the sweetgum (Liquidambar styraciflua), tulip poplar (Liriodendron tulipifera), red maple 
(Acer rubrum), and loblolly pine (Pinus taeda) commonly observed elsewhere on site. A dense and 
diverse shrub and herbaceous layer is also present here with species such as wax myrtle (Myrica 
cerifera), ironwood (Carpinus caroliniana), water oak (Quercus nigra), Chinese privet (Ligustrum 
sinense), elderberry (Sambuca canadensis), blueberry (Vaccinium spp.), spicebush (Lindera benzoin), 
Joe-pye weed (Eupatorium purpureum), netted chain fern (Woodwardia aerolata), sensitive fern 
(Onoclea sensibilis), cinnamon fern (Osmundastrum cinnamomeum), royal fern (Osmunda regalis), soft 
rush (Juncus effusus), shallow sedge (Carex lurida), green bulrush (Scirpus atrovirens), jewelweed 
(Impatiens capensis), false-nettle (Boehmeria cylindrical), and Jack-in-the-pulpit (Arisaema 
triphyllum). Numerous vines such as poison ivy (Toxicodendron radicans), greenbriar (Smilax 
rotundifolia), cat-briar (Smilax bona-nox), multiflora rose (Rosa multiflora), Virginia creeper 
(Parthenocissus quinquefolia), blackberry (Rubus spp.), and honeysuckle (Lonicera japonica) are also 
common in these areas.   
 

17.4.4 Invasive Species Vegetation 

The primary invasive species vegetation present on the project site are primarily Chinese privet 
(Ligustrum sinense) and multiflora rose (Rosa multiflora), which were found interspersed throughout 
the riparian buffer areas. Invasive species vegetation will be sprayed, cut and painted, or grubbed in 
areas infested within the easement. Treatments will be conducted to control the invasive species 
vegetation with the easement during the monitoring period as needed. 

17.5 Site Wetlands  

17.5.1 Jurisdictional Wetland Assessment 

The proposed project area was reviewed for the presence of wetlands and waters of the United States in 
accordance with the provisions on Executive Order 11990, the Clean Water Act, and subsequent federal 
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regulations. Wetlands have been defined by the USACE as “those areas that are inundated or saturated 
by surface or ground water at a frequency and duration sufficient to support, and that under normal 
circumstances do support, a prevalence of vegetation typically adapted for life in saturated soil 
conditions.  Wetlands generally include swamps, marshes, bogs, and similar areas” (33 CFR 328.3(b) 
and 40 CFR 230.3 (t)). The areas in the project boundaries that displayed one or more wetland 
characteristics were reviewed to determine the presence of wetlands.  The wetland characteristics 
included:  

1. Prevalence of hydrophytic vegetation. 
2. Permanent to periodic inundation or saturation. 
3. Hydric soils. 

On June 5, 2007, the USACE and US Environmental Protection Agency (USEPA) issued joint guidance 
for their field offices for Clean Water Act jurisdictional determinations in response to the Supreme 
Court’s decision in the consolidated cases of Rapanos v. United States and Carabell v. United States 
(USEPA and USACE, 2007). Based on this guidance, the agencies will assert jurisdiction over the 
following waters:  

 Traditional navigable waters (TNWs) 
 Wetlands adjacent to TNWs 
 Non-navigable tributaries of TNWs that are considered relatively permanent waters (RPWs).  

Such tributaries flow year-round or exhibit continuous flow for at least 3 months.   
 Wetlands that directly abut RPWs. 

The agencies will decide jurisdiction over the following waters based on a standardized analysis to 
determine whether they have a significant nexus with a traditional navigable water: 

 Non-navigable tributaries that are not relatively permanent waters (non-RPWs) 
 Wetlands adjacent to non-RPWs 
 Wetlands that are adjacent to but do not directly abut an RPW. 

The significant nexus analysis is fact-specific and assesses the flow characteristics of a tributary and the 
functions performed by all its adjacent wetlands to determine if they significantly affect the physical, 
chemical, and biological integrity of downstream TNWs. A significant nexus exists when a tributary, in 
combination with its adjacent wetlands, has more than a speculative or insubstantial effect on the 
physical, chemical, or biological integrity of a TNW.   

The USACE and USEPA will apply the significant nexus standard within the limits of jurisdiction 
specified by the Supreme Court decision in the case of Solid Waste Agency of Northern Cook County 
(SWANCC) v. US Army Corps of Engineers. Under the SWANCC decision, the USACE and USEPA 
cannot regulate isolated wetlands and waters that lack links to interstate commerce sufficient to serve as 
a basis for jurisdiction under the Clean Water Act. Though isolated wetlands and waters are not 
regulated by the USACE, within the state of North Carolina isolated wetlands and waters are considered 
“waters of the state” and are regulated by the NCDWR under the isolated wetlands rules (15A NCAC 
2H .1300). 

Following a desktop review of the National Wetland Inventory (NWI), NRCS soil survey, and USGS 
quadrangle maps, the project area was evaluated for potential impacts to jurisdictional wetlands.  Baker 
wetland scientists conducted a field survey of the project area in May 2014 to investigate potential 
wetlands within hydric soils areas and confirm the perennial and intermittent streams in the project area. 
In total, the field survey identified twelve separate wetland areas containing hydric soil indicators and a 
predominance of hydrophytic vegetation and wetland hydrology. These areas were identified, flagged, 
and mapped, as described in Section 16.1. Wetland data forms are also provided in Section 16.1. The 
wetland areas located in the pasture along stream reaches R1 and R2 exhibited marginal hydrologic 
indicators and are dominated with herbaceous species subject to active cattle grazing. The remaining 
wetlands were located along stream floodplains and/or within depressional areas. These areas were 
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confirmed by the USACE in July 2014, and the proposed mitigation plan for the site will seek to 
enhance and avoid disturbance of these wetland areas wherever possible. 
  

17.5.2 Wetland Impacts and Considerations 

It is likely that small wetland seeps were historically present in some of these locations after evaluating 
existing topography, soils, hydrology and hydrophytic vegetation within the project reaches. The 
original plant community located in these wetlands was most likely indicative of other wetlands in the 
region, but past and current agricultural land use practices have altered the composition of the plant 
community currently present. Wetland stressors, such as cattle grazing and periodic logging operations, 
have altered the vegetative composition and hydrological connections within the project area. The main 
stem was likely moved and/or deepened to capture various sources of seepage in this portion of the 
project area to increase land available for agricultural use, which exacerbated channel incision and 
exerts a drainage effect on the adjacent fields.     
 
After completing the proposed stream restoration practices, the identified wetland areas will likely 
experience a more natural hydrology and flooding regime, and the riparian buffer areas in these 
locations will be planted with native woody vegetation species that are more tolerant of wetter 
conditions.  The design approach will also enhance any potential areas of adjacent fringe or marginal 
wetlands through higher water table conditions (elevated stream profile) and a more frequent over-bank 
flooding regime. Stream profiles will be raised along various reach sections, which will lead to higher 
water table conditions adjacent to the channels and more frequent out-of-bank flooding of adjacent 
wetland areas.  Additionally, the exclusion of cattle from large portions of the riparian buffer will allow 
for the rehabilitation of soil structure that has been degraded and compacted by years of cattle grazing.   

17.5.3 Climatic Conditions 

The average growing season (defined as the period in which air temperatures are maintained above 28° 
Fahrenheit at a frequency of 5 years in 10) for the project locale is 220 days 
(http://www.ces.ncsu.edu/hil/hil-709.html). The area experiences an average annual rainfall of 46.60 
inches (NRCS, 1970) as shown on Table 17.9. During 2013, a wet year, the NOAA Apex SW weather 
station (GHCND:US1NCWK0084) recorded 49.51 inches of rain.  

In much of the southeastern US, average rainfall exceeds average evapotranspiration losses and these 
areas experience a moisture excess during most years.  Excess water leaves a site by groundwater flow, 
surface runoff, channelized surface flow, or deep seepage. Annual losses due to deep seepage, or 
percolation of water to confined aquifer systems, are usually small and are not considered a significant 
loss pathway for excess water. Although groundwater flow can be significant in some systems, most 
excess water is lost via surface and shallow subsurface flow.   

Table 17.9   Comparison of Monthly Rainfall Amounts for Project Site vs. Long-term Averages 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Month-Year 
Observed Monthly 
Precipitation (in) 

Average Monthly 
Precipitation (in) 

Deviation of Observed 
from Average (in) 

Jan-2013 3.15 3.3 -0.15 

Feb-2013 4.01 3.5 +0.51 

Mar-2013 1.43 3.7 -2.27 

Apr-2013 4.96 3.8 +1.16 

May-2013 2.54 3.8 -1.26 

Jun-2013 10.82 3.9 +6.92 

Jul-2013 6.06 5.9 +0.16 
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Table 17.9   Comparison of Monthly Rainfall Amounts for Project Site vs. Long-term Averages 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Month-Year 
Observed Monthly 
Precipitation (in) 

Average Monthly 
Precipitation (in) 

Deviation of Observed 
from Average (in) 

Aug-2013 2.80 5.4 -2.60 

Sept-2013 3.76 4.6 -0.84 

Oct-2013 0.90 2.8 -1.90 

Nov-2013 3.19 3.0 +0.19 

Dec-2013 5.89 3.2 +2.69 

Sum 49.51 46.9 +2.61 

         

17.5.4 Soil Characterization 

Soils at the project site were initially determined using NRCS soil survey data for Wake County (1970).  
The areas proposed for stream restoration and enhancement are mapped as Wehadkee and Bibb soils.  
Wehadkee and Bibb are predominantly hydric soils.  All project reaches are underlain by Wehadkee 
and Bibb soils; however, the soil data layer projection does not line up correctly with the floodplain and 
the overlap between the reaches and the soil type is not correct. Nevertheless, the soil description and 
existing topography indicate that the floodplains for each of the reaches should be Wehadkee and Bibb.    
Figure 2.3 shows soil conditions throughout the project area and the soil descriptions are shown on 
Table 17.10.     

 

Table 17.10   NRCS Soil Series (Wake County Soil Survey, USDA-SCS, 1970) 

Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Soil Name Landform Hydric Soil Description 

Bibb Depressions Yes Poorly drained soils formed in floodplains or upland 
depressions.  Slope ranges from 0 to 2%.  Permeability is 
moderate to moderately rapid. 

Wehadkee Depressions Yes Poorly drained soils formed on floodplains.  Slope ranges 
from 0 to 2%. Permeability moderate to moderately rapid. 

 

17.5.5 Plant Community Characterization 

Based on historical aerials and the landowner’s verification, a majority of the proposed stream 
restoration area is comprised of pasture land, narrow tree canopy and successional vegetation.  
Historically, the surrounding pasture areas have been used for cattle production. Current canopy and 
understory vegetation within the existing delineated wetlands are dominated by tulip poplar 
(Liriodendron tulipifera), sweetgum (Liquidambar styraciflua), red maple (Acer rubrum), and loblolly 
pine (Pinus taeda), with some green ash (Fraxinus pennsylvanica), sycamore (Platanus occidentalis), 
and American elm (Ulmus americana). Common shrub species include elderberry (Sambuca 
canadensis), Chinese privet (Ligustrum sinense), ironwood (Carpinus caroliniana), and multiflora rose 
(Rosa multiflora). Herbaceous and vine species primarily consist of jewelweed (Impatiens  capensis), 
Jack-in-the-pulpit (Arisaema triphyllum), false nettle (Boehmeria cylindrical), netted chain fern 
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(Woodwardia aerolata), greenbrier (Smilax rotundifolia), blackberry (Rubus spp.), and poison ivy 
(Toxicodendron radicans).  

 

17.5.6 Proposed Riparian Vegetation Plantings 

The vegetative components of this restoration project include streambank, floodplain, and transitional 
upland planting and described as the riparian buffer zone. These planting boundaries will be comprised 
of species found within native plant communities as described in Section 17.4 and are shown on the 
revegetation plan sheets in Section 18, Appendix D. In addition to the riparian buffer zone, any areas of 
the site that lack diversity, are disturbed or adversely impacted by the construction process, will be 
planted.   

Bare-root trees, live stakes, and permanent seedlings will be planted within designated areas of the 
conservation easement. A minimum 50-foot buffer will be established along all proposed streambanks 
(100 foot total minimum width) for all of the stream reaches within the project boundary. In many 
areas, the buffer width will be in excess of 50 feet along one or both streambanks (more than 100 foot 
total width) and will encompass adjacent jurisdictional wetland areas. In general, bare-root vegetation 
will be planted at a total target density of 680 stems per acre. Planting will be conducted during the 
dormant season, with all trees installed between the last week of November and the third week of April. 

Selected species for hardwood revegetation planting are presented in Table 17.10. Tree species selected 
for restoration and enhancement areas will be weakly tolerant to tolerant of flooding. Weakly tolerant 
species are able to survive and grow in areas where the soil is saturated or flooded for relatively short 
periods. Moderately tolerant species are able to survive in soils that are saturated or flooded for several 
months during the growing season. Flood tolerant species are able to survive on sites in which the soil 
is saturated or flooded for extended periods during the growing season (WRP, 1997).   

Observations will be made during construction of the site regarding the relative wetness of areas to be 
planted as compared to the revegetation plan. The planting zone will be determined based on these 
comparisons, and planted species will be matched according to their wetness tolerance and the 
anticipated wetness of the planting area.   

Once trees are transported to the site, they will be planted within two days. Disturbed soils across the 
site will be prepared by sufficiently loosening to a depth of four inches prior to planting as described in 
the technical specifications. Heavily compacted soils (e.g., hardpan or areas that have experienced 
heavy cattle or equipment use) will be loosened to a depth of eight to ten inches by disking or ripping to 
prepare for tree planting. In any areas where excavation depths exceed ten inches, topsoil shall be 
separated from rocks, brush, or foreign materials, stockpiled, and placed back over these areas to a 
depth of eight inches to achieve design grades and create a soil base for vegetation. Trees will be 
planted by manual labor using a dibble bar, mattock, planting bar, or other approved method. Planting 
holes for the trees will be sufficiently deep to allow the roots to spread out and down without “J-
rooting.” Soil will be loosely compacted around trees once they have been planted to prevent roots from 
drying out. 

Live stakes will be installed at a minimum of 40 stakes per 1,000 square feet and stakes will be spaced 
two to three feet apart in meander bends and six to eight feet apart in the riffle sections using triangular 
spacing along the streambanks between the toe of the streambank and bankfull elevation.  Site 
variations may require slightly different spacing. 

Permanent seed mixtures will be applied to all disturbed areas of the project site.  Table 17.11 lists the 
species, mixtures, and application rates that will be used. A mixture is provided that is suitable for 
streambank, floodplain, and adjacent wetland areas. Mixtures will also include temporary seeding (rye 
grain or browntop millet) to allow for application with mechanical broadcast spreaders.  To provide 
rapid growth of herbaceous ground cover and biological habitat value, the permanent seed mixture 
specified will be applied to all disturbed areas outside the streambanks of the restored stream channel.  
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The species provided are deep-rooted and have been shown to proliferate along restored stream 
channels, providing long-term stability. 

Temporary seeding will be applied to all disturbed areas of the site that are susceptible to erosion.  
These areas include constructed streambanks, access roads, side slopes, and spoil piles.  If temporary 
seeding is applied from November through April, rye grain will be used and applied at a rate of 130 
pounds per acre.  If applied from May through October, temporary seeding will consist of browntop 
millet, applied at a rate of 40 pounds per acre. 

Final species selection may change due to refinement or availability at the time of planting.  If species 
substitution is required, the planting Contractor will submit a revised planting list to Baker for approval 
prior to the procurement of plant stock. 

Table 17.11   Proposed Bare-Root and Live Stake Species 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Botanical Name Common Name % Planted by Species Wetland Tolerance 

Riparian Buffer Plantings - 8' x 8' spacing - 680 stems/Acre  

 Overstory Species
Fraxinus pennsylvanica Green Ash 12% FACW 

Betula nigra River Birch 9% FACW 

Liriodendron tulipifera Tulip Poplar 9% FAC 

Quercus pagoda Cherrybark Oak 6% FACW 

Quercus michauxii Swamp Chestnut Oak 9% FACW- 

Diospyros virginiana Persimmon 6% FAC 

Platanus occidentalis American Sycamore 9% FACW- 

Understory Species 

Carpinus caroliniana American Hornbeam 15% FAC 

Viburnum dentatum Arrowwood Viburnum 15% FAC 

Asimina triloba Paw Paw 10% FAC 

Riparian Live Stake Plantings 
Salix nigra Black Willow 10% OBL 

Sambucus canadensis Elderberry 20% FACW- 

Salix sericea Silky Willow 30% OBL 

Cornus amomum Silky Dogwood 40% FACW+ 

Table 17.11   Proposed Permanent Seed Mixture   
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Botanical Name Common Name 
% Planted by 

Species 
Density 
(lbs/ac) 

Wetland 
Tolerance 

Andropogon gerardii Big blue stem 10% 1.50 FAC 

Dichanthelium clandestinum Deer tongue 15% 1.50 FACW 

Carex crinata Fringed sedge 10% 2.25 FACW+ 

Elymus virginicus Virginia wild rye 15% 1.50 FAC 

Juncus effusus Soft rush 10% 2.25 FACW+ 
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Panicum virgatum Switchgrass 15% 1.50 FAC+ 

Schizachyrium scoparium Little blue stem 15% 0.75 FACU 

Sorghastrum nutans Indiangrass 10% 0.75 FACU 

 Total 100% 15.00  

17.6 Site Construction 

17.6.1 Site Grading, Structure Installation, and Other Project Related Construction 

A general construction sequence is provided below and included on the plan set for the Thomas Creek 
Restoration Project. The site construction, including grading and planting activities, will be conducted 
using common machinery, tools, equipment and techniques for successfully implementing the project.   

1. Contractor shall contact North Carolina “One Call” Center (1.800.632.4949) before any excavation. 

2. Contractor shall prepare stabilized construction entrances and haul roads as indicated on the plans. 

3. The Contractor shall mobilize equipment, materials, prepare staging area(s) and stockpile area(s) as 
shown on the plans. 

4. Construction traffic shall be restricted to the area denoted as “Limits of Disturbance” or “Haul Roads” 
on the plans. 

5. The Contractor shall install temporary rock dams at locations indicated on the plans.  

6. The Contractor shall install temporary silt fence around the staging area(s). Temporary silt fencing 
will also be placed around the temporary stockpile areas as material is stockpiled throughout the 
construction period. 

7. The Contractor shall install all temporary and permanent stream crossings as shown on the plans in 
accordance with the NC Erosion and Sediment Control Planning and Design Manual. The existing 
channel and ditches on site will remain open during the initial stages of construction to allow for 
drainage and to maintain site accessibility. 

8. The Contractor shall construct only the portion of channel that can be completed and stabilized within 
the same day. 

9. The Contractor shall apply temporary seed and mulch to all disturbed areas at the end of each work 
day. 

10. The Contractor shall clear and grub an area adequate to construct the stream channel and grading 
operations after all Sedimentation and Erosion Control practices have been installed and approved. In 
general, the Contractor shall work from upstream to downstream and in-stream structures and channel 
fill material shall be installed using a pump-around or flow diversion measure as shown on the plans. 

11. The Contractor will begin construction by excavating channel fill material in areas for Reach R3. The 
Contractor may fill ditches which do not contain any water during the grading operations. Along 
ditches with water or stream reaches, excavated material should be stockpiled in areas shown on the 
plans.  In any areas where excavation depths will exceed 10 inches, topsoil shall be separated, 
stockpiled and placed back over these areas to a depth of eight inches to achieve design grades and 
create a soil base for vegetation according to the plans and specifications. 

12. Contractor shall begin construction on stream Reaches R3 at Station 11+30 and proceed in a 
downstream direction until the upstream portion of Reach R2. The Contractor shall excavate the 
channel to design grades in all areas except within 10 feet of the top of existing streambanks. 

13. After excavating the channel to design grades, install in-stream structures, grassing, matting, and 
transplants in this section, and ready the channel to accept flow per approval by the Engineer.   
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14. Water will be turned into the constructed channel once the area in and around the new channel has 
been stabilized. Immediately begin plugging, filling, and grading the abandoned channel, as indicated 
on plans, moving in a downstream direction to allow for drainage of the old channels. No water shall 
be turned into any section of channel prior to the channel being completely stabilized with all 
structures installed. 

15. The new channel sections shall remain open on the downstream end to allow for drainage during rain 
events. 

16. Any grading activities adjacent to the stream channel shall be completed prior to turning water into 
the new stream channel segments. Grading activities shall not be performed within 10 feet of the new 
stream channel banks. The Contractor shall NOT grade or roughen any areas where excavation 
activities have not been completed. 

17. Once a stream work phase is complete, apply temporary seeding, permanent seeding, and mulching to 
any areas disturbed during construction. Apply permanent seeding mixtures, as shown on the 
vegetation plan. Temporary seeding shall be applied in all areas susceptible to erosion (i.e. disturbed 
ditch banks, steep slopes, and spoil areas) such that ground cover is established within 15 working 
days following completion of any phase of grading. Permanent ground cover shall be established for 
all disturbed areas within 15 working days or 90 calendar days (whichever is shorter) following 
completion of construction. 

18. Contractor shall improve and construct the existing farm road crossings by installing ford crossings, 
stabilizing side slopes, and modifying the farm road bed elevations according to the plans and 
specifications.   

19. All disturbed areas should be seeded and mulched before leaving the project. Remove temporary 
stream crossings and any in-stream temporary rock dams. All waste material must be removed from 
the project site. 

20. The Contractor shall treat areas of invasive species vegetation throughout the project area according 
to the plans and specifications prior to demobilization. 

21. The Contractor shall plant woody vegetation and live stakes, according to planting details and 
specifications. The Contractor shall complete the reforestation (bare-root planting) phase of the 
project and apply permanent seeding at the appropriate time of the year. 

22. The Contractor shall ensure that the site is free of trash and leftover materials prior to demobilization 
of equipment from the site. 

 

17.6.2 In-stream Structures and Other Construction Elements 

A variety of in-stream structures are proposed for the Thomas Creek Restoration Project site.  Structures 
such as grade control j-hook vanes, log vanes, rock cross vanes, grade control log jams, constructed 
riffles, root wads, log weirs, boulder steps, and cover logs will be used to stabilize the newly-restored 
streams and improve habitat functions.  Woody debris will be harvested through the construction of this 
project and incorporated whenever possible.  Table 17.12 summarizes the use of in-stream structures at 
the site.   
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Table 17.12   Proposed In-Stream Structure Types and Locations 
Thomas Creek Restoration Project Stream Mitigation Plan - NCEEP Project No. 96074 

Structure Type Location 

Root Wads 
In locations along outside of meander bends or against one streambank in 
straight reaches to increase pool diversity and provide refugium for fish. 

Grade Control J-Hook Vanes 
In locations where grade control is necessary to prevent to prevent possible 
downcutting or headcut migration, and stream bed/bank erosion. 

Log Vanes 
Located throughout various meander bends to prevent to prevent possible 
streambank erosion. 

Log Weirs / Step Pools 
In locations where grade control is necessary to prevent to prevent possible 
downcutting or headcut migration, and bed erosion. 

Cover Logs / Toe Wood 
Located along outside bends or against one streambank in straight reaches to 
increase pool diversity and provide refugium for fish. 

Constructed Riffles 
In locations where grade control is necessary to prevent possible downcutting 
or headcut migration, and bed erosion. 

Grade Control Log Jams  
In locations where grade control is necessary to prevent possible downcutting 
or headcut migration, and bed erosion. 

 Ditch Plug / Channel Block 
Installed along some or all of remnant channel segments to prevent subsurface 
flow. 

 Vegetation Transplants 
In locations outside of meander bends to increase streambank stability and 
cover. 

 Vegetated Geolift 
In locations outside of meander bends to create and/or increase streambank 
stability and reduce near bank stress. 

 

Root Wads 

Root wads are placed at the toe of the streambank along the outside of meander bends for the creation of 
habitat and for streambank protection.  Root wads include the root mass or root ball of a tree plus a 
portion of the trunk.  They are used to armor a streambank and reduce near bank stress by deflecting 
stream flows away from the streambank.  In addition to streambank protection, they provide structural 
support to the streambank and habitat for fish and other aquatic animals.  They also serve as a food 
source for aquatic insects.  Root wads will be placed throughout the project reaches primarily to improve 
aquatic habitat and provide cover. 

Grade Control J-Hook Vanes 

Grade control j-hook vanes are utilized to provide grade control and protect the streambanks.   These 
vanes may be constructed out of logs and/or rock boulders.  The structure arms turn water away from the 
streambanks and re-direct flow energies toward the center of the channel.  In addition to providing 
stability to streambanks, grade control j-hook vanes also promote pool scour and provide structure within 
the pool habitat.  Grade control j-hooks have two to three boulders placed in a hook shape at the 
upstream end of the vane.  The primary difference between regular j-hooks and grade control j-hooks is 
the way that the “hook” part of the structure is constructed.  Regular j-hooks are constructed to have gaps 
between the header boulders in the hook to promote flow convergence.  Grade control j-hooks do not 
have gaps between the header boulders in the hook and also have a boulder sill built from the outside of 
the hook over to the opposite streambank such that the structure can serve as a grade control feature.  
Grade control j-hooks still promote scour in the downstream pool, thus providing habitat benefit. 

Log Vanes 

A log vane is used to provide cover for aquatic organisms in the downstream scour pool and with a 
potential secondary benefit of protecting streambanks by reducing near-bank stress and redirecting flow 
vectors away from the streambank.  The length of a single vane structure can span one-half to two-thirds 
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the bankfull channel width.  Vanes are located just downstream of the point where the stream flow 
intersects the streambank at an acute angle in a meander bend.   

Log Weirs / Step Pools 

Log weirs and step pools are used to provide grade control as well as provide a secondary pool habitat 
benefit for aquatic organisms.  A log weir consists of two logs stacked (a header log and a footer log) 
and installed perpendicular to the direction of flow. This center structure sets the invert elevation of the 
streambed. A step pool sequence or log/rock “rollers” are also commonly used in confined settings 
where sinuosity is less than 1.2 and in drainage areas less than 3 square miles, and located based on pool-
to-pool spacing ratios. They can be used as floodplain interceptors to intercept concentrated floodplain 
flows from swales, ditches, low points, oxbow pond or vernal pool drains, etc. and to drain such flow to 
the restored channel in a stable and natural manner.    

Toe Wood with Cover Logs 

Toe wood structures are typically constructed in meandering streams using a combination of native 
materials such as logs, branches, brush, live cuttings, sods mats, transplants, and soil.  The structure 
helps ensure long-term stability against eroding banks and can enhance aquatic and terrestrial habitat 
within the pool area by establishing a source of detritus and large woody debris.  The structures are 
located along the outer meander bends and should cover at least the lower half of the bank such that the 
toe wood is submerged and saturated to avoid premature deterioration.  The upper bank contains live 
cuttings in combination with sod mats, live stakes, transplants, or geolifts to cover the toe wood up to the 
bankfull stage.   

A cover log is placed along the outside of a meander bend to provide habitat in the pool area.  It is most 
often installed in conjunction with root wads.  The log is buried into the outside stream bank of the 
meander bend; the opposite end extends through the deepest part of the pool and may be buried in the 
inside of the meander bend, in the bottom of the point bar.  The placement of the cover log near the 
bottom of the stream bank slope on the outside of the bend encourages scour in the pool.  This increased 
scour provides a deeper pool for bedform variability.   

Constructed Riffles 

A constructed riffle is installed by placing coarse bed material (gravel, cobble, and small boulders) in the 
stream at specific riffle locations along the profile.  The purpose of this structure is to provide initial 
grade control and establish riffle habitat within the restored channel. Wood material can also be 
incorporated with rock for these structures, and function in a similar way as natural riffles; the surfaces 
and interstitial spaces are crucial to the life cycles of many aquatic macroinvertebrate species. 

Ditch Plug / Channel Block 

A compacted earth plug will be installed by filling the existing ditch to prevent subsurface flows and 
improve site hydrology.  The fill material used for ditch plugs shall come from a nearby borrow area and 
be free of debris, rocks, trash, etc. and shall consist of compactable soil material.  

Grade Control Log Jams 

A grade control log jam is created by placing woody material in the stream at specific riffle locations 
along the profile.  The purpose of this structure is to provide initial grade control and establish riffle 
habitat within the restored channel, prior to the formation of a stabilized streambed.  These structures can 
be substituted for traditional constructed riffles using rock material, in a similar way as natural riffles; 
the surfaces and interstitial spaces are crucial to the life cycles of many aquatic species. 

Vegetation Transplants 

Vegetation transplants will be identified before starting construction as viable candidates (species and 
size) for uprooting and relocation.  Areas that must be cleared will maximize the harvesting of 
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transplants; transplants will be taken from other areas as suitable to enhance the rapid development of 
vegetative growth along the constructed channel. 

Vegetated Geolift 

Geolifts are a bioengineering measure used to stabilize streambanks.  Geolifts are most commonly used 
along the outside of stream meander bends.  They are essentially a series of large overlapping soil 
“burritos,” or “lifts”, constructed using coir fiber erosion control matting and native soils.  Live cutting 
materials, or whips, from specific woody native species plants are planted in the layers between the lifts.  
A stone or woody brush toe base is typically installed to provide protection at the toe of the streambank 
and to provide a foundation for the geolifts.  The geolifts are installed on top of the base material to 
comprise the entire restored streambank up to the bankfull channel elevation.  Geolifts can be used to 
effectively stabilize restored streambanks for all sizes of streams simply by varying the number of lifts 
required to form the streambank. 
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18.0 APPENDIX D - PROJECT PLAN SHEETS 
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