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MEMORANDUM FOR RECORD 
 
SUBJECT:  Poplin Ridge‐ NCIRT Comments During 30‐day Mitigation Plan Review 
 
PURPOSE:  The comments listed below were posted to the NCEEP Mitigation Plan Review Portal 
during the 30‐day comment period in accordance with Section 332.8(g) of the 2008 Mitigation 
Rule.  Please note that this is the second review.  Due to a change made to the project following 
the first review and plan approval, the site was reposted.  Comments noted below also include 
those generated during the initial review of the project, as noted by the date of the comment, 
and they may have been addressed in the most recent version of the Mitigation Plan but they 
are provided here to provide a complete record of the comments generated during the review 
process. 
 
NCEEP Project Name: Poplin Ridge Stream Mitigation Site, Union County, NC 
 
USACE AID#: SAW‐2012‐01079 
NCEEP #: 95359 
 
30‐Day Comment Deadline: 7 May, 2014 
 

1. Eric Kulz, NCDWR, 16 April, 2014:  

 The report states that utility (electric) easement crossings will be planted with shrub and 
herbaceous vegetation.  In addition, these easements will be mowed or treated with 
herbicide periodically by the utility.  As such, the streams within these corridors will 
never meet performance standards for vegetation, and will have degraded function 
(thermoregulation, nutrient input, LWD input).  Credit should be adjusted for each of 
these stream segments to reflect the reduced functional uplift, as consistent with 
IRT/USACE adjustments on other similar sites. 

 A utility enters the conservation easement and runs parallel to UT1‐4. The width of the 
remaining area that will be forested is unclear in the plans.  While buffer/conservation 
easement width was added on the opposite side of the stream, the functional uplift to 
this portion of the stream, and hence the credits, may be affected depending on the 
forested width.  

 
30‐Day Comment Deadline: 14 November, 2013 (These comments are from the initial review.) 



 
1. Paul Wiesner, NCEEP, 17 October, 2013: 

 I missed this  in the  initial review, but  it needs to make  it  into the final document.   The 
credit  release  schedule  in  document  is  incorrect.    The  Poplin  Ridge  project  was 
instituted after Nov. 7, 2011.   The  final Poplin Ridge mitigation plan should utilize  the 
credit  release  schedule  for projects  instituted after Nov. 7, 2011 per  the most  recent 
EEP template: NCEEP Mitigation Plan Template_version 2.2_adopted 8 June 2012 

 
2. Eric Kulz, NCDWR, 14 November, 2013:  

 1)  The report states that utility (electric) easement crossings will be planted with shrub 
and  herbaceous  vegetation.    In  addition,  these  easements will  be mowed  or  treated 
with herbicide periodically by the utility.  As such, the streams within these corridors will 
never meet  performance  standards  for  vegetation,  and will  have  degraded  function 
(thermoregulation, nutrient  input, LWD  input).   Credit  should be adjusted  for each of 
these  stream  segments  to  reflect  the  reduced  functional  uplift,  as  consistent  with 
IRT/USACE adjustments on other similar sites.   

 2)   Figure 23  identifies the utility crossing over the northern portion of UT2‐4 as a 30‐
foot ROW claimed by Union Power Cooperative.   The crossing over the lower portion of 
UT2‐4 is labeled as "Unknown right‐of‐way claimed by Union Power Cooperative".  The 
width of the ROW  should be verified by the utility company to ascertain that it is indeed 
a 30‐foot easement and not a wider area which can be maintained.   

 3)  A utility easement enters the conservation easement along UT1‐4.  The width of the 
remaining area that will be forested is unclear in the plans.  While  buffer/conservation 
easement width was added on the opposite side of the stream, the functional uplift to 
this portion of  the  stream may be affected depending on  the  forested width.   Please 
provide the width from top of bank of the area to be planted in trees at this location. 

 
3. T. Crumbley and T. Tugwell, USACE, 14 November, 2013: 

 A brief discussion on impacts to existing wetlands is presented in the Draft plan, but any 
impacts (eg. filling, draining, converting) to current waters of the U.S. (streams, 
wetlands and open waters) must be accounted for and discussed in the Pre‐
Construction Notification (PCN) and the loss or conversion of those waters must be 
replaced on‐site.  (the conversion of ponds to stream is considered an impact, but the 
functional uplift provided allows for this conversion to be conducted under NWP 27.  
These impacts do, however need to be accounted for in the PCN).  

 Please discuss in further detail any required maintenance of the diffuse flow structures 
shown on Design Drawing #s 12, 15, 23, and 24. 

 Section 9, pg. 67.  Performance Standards:  It is stated that the Performance Standards 
will be consistent with published federal rules, but additional District/EEP guidance must 
also be adhered to.  Specifically the “Ecosystem Enhancement Program Monitoring 
Requirements and Performance Standards for Stream and Wetland Mitigation” Dated 
November 7, 2011.  (Section IV C.)  *All monitoring and performance standard 



requirements need to comply with this EEP/District guidance unless the project was 
instituted prior to the release of this guidance* 

 Under normal project review processes, a Jurisdictional Determination would have been 
submitted concurrently with the Draft mitigation plan.   Since no determination was 
submitted, please be advised that linear footage and credit amounts may be subject to 
change, dependent upon the results of said determination. 

 The upstream reach of UT1 and UT1‐B are proposed  for Preservation.    In areas where 
work  conducted  will  result  in  functional  uplift  (eg.  wider  buffers,  stabilization,  or 
invasive control)  the mitigation plan  should  identify  these areas as Enhancement at a 
5:1  ratio.    If none of  these  activities will occur  then  the Preservation  ratio  should be 
reduced, unless justification for Preservation at a 5:1 ratio, with consideration of factors 
mentioned in the District stream preservation guidance, is provided. 

 
 
                                                                                                       
                                                                                                     /s/ 

Todd Tugwell 
       Special Projects Manager  

Regulatory Division  
 



 

 

 

M E M O R A N D U M   
      

720 Corporate Center Drive          Raleigh, North Carolina 27607         919.782.0495 tel.          919.782.9672 fax 

 

TO: David Godley, EBX 

FROM: Ward Marotti, WKD 

DATE: May 28, 2014 

RE: NCIRT Review of the Poplin Ridge Draft Mitigation Plan; EEP # 95359; 
Contract #004672 

 

 
Listed below are the comments provided by the NCIRT to NCEEP on November 15, 2013 and on 
May 21, 2013 regarding the Poplin Ridge Stream Restoration Project Mitigation Plan and WKD’s 
responses.  
 
1. Eric Kulz, NCDWR, 16 April, 2014: 

•  The  report  states  that  utility  (electric)  easement  crossings will  be  planted with  shrub  and 
herbaceous vegetation. In addition, these easements will be mowed or treated with herbicide 
periodically  by  the  utility.  As  such,  the  streams  within  these  corridors  will  never  meet 
performance  standards  for  vegetation, and will have degraded  function  (thermoregulation, 
nutrient  input, LWD  input). Credit should be adjusted for each of these stream segments to 
reflect  the  reduced  functional  uplift,  as  consistent  with  IRT/USACE  adjustments  on  other 
similar sites. 

 
See #2-1 below. There are breaks in the conservation easement at the utility easement 
crossings. Therefore, the stream segments within these areas are not included in the 
conservation easement, and will not yield mitigation credits.   
 
•  A  utility  enters  the  conservation  easement  and  runs  parallel  to  UT1‐4.  The width  of  the 
remaining  area  that  will  be  forested  is  unclear  in  the  plans.  While  buffer/conservation 
easement width was added on  the opposite side of  the stream,  the  functional uplift  to  this 
portion of  the  stream,  and hence  the  credits, may be  affected depending on  the  forested 
width. 

 
See #2-3 below. The buffer width ranges from 15 to 50 feet where the conservation easement 
is adjacent to the utility easement. The buffer on the opposite (right) bank has been widened 
up to 100 feet. As was discussed in the IRT on-site field meeting on July 11, 2012, the buffer 
width was increased to offset the power line easement encroachment; therefore, no 
adjustments were made to the proposed credit yield. 

 
1. Paul Wiesner, NCEEP, 17 October, 2013:  



 

 

• I missed this  in the  initial review, but  it needs to make  it  into the final document. The credit 
release schedule in document is incorrect. The Poplin Ridge project was instituted after Nov. 
7, 2011. The  final Poplin Ridge mitigation plan should utilize  the credit release schedule  for 
projects  instituted after Nov. 7, 2011 per  the most  recent EEP  template: NCEEP Mitigation 
Plan Template_version 2.2_adopted 8 June 2012 

 
Table 18 (Stream Credits) has been revised to reflect the most recent EEP Mitigation Plan 
template.   

 
2. Eric Kulz; NCDWR, 14 November, 2013: 

 1) The report states that utility (electric) easement crossings will be planted with shrub and 
herbaceous  vegetation.  In  addition,  these  easements  will  be  mowed  or  treated  with 
herbicide periodically by the utility. As such,  the streams within  these corridors will never 
meet  performance  standards  for  vegetation,  and  will  have  degraded  function 
(thermoregulation, nutrient  input, LWD  input). Credit should be adjusted for each of these 
stream  segments  to  reflect  the  reduced  functional  uplift,  as  consistent  with  IRT/USACE 
adjustments on other similar sites. 

 
There are breaks in the conservation easement at the utility easement crossings. Therefore, the 
stream segments within these areas are not included in the conservation easement, and will 
not yield mitigation credits.   

 

 2) Figure 23  identifies  the utility crossing over  the northern portion of UT2‐4 as a 30‐foot 
ROW claimed by Union Power Cooperative. The crossing over the lower portion of UT2‐4 is 
labeled as "Unknown right‐of‐way claimed by Union Power Cooperative". The width of the 
ROW  should  be  verified  by  the  utility  company  to  ascertain  that  it  is  indeed  a  30‐foot 
easement and not a wider area which can be maintained. 

 
Union Power Cooperative has verbally confirmed that the easement in question is 30 feet 
wide. 

 

 3)  A  utility  easement  enters  the  conservation  easement  along  UT1‐4.  The width  of  the 
remaining  area  that  will  be  forested  is  unclear  in  the  plans. While  buffer/conservation 
easement width was added on the opposite side of the stream, the functional uplift to this 
portion of the stream may be affected depending on the forested width. Please provide the 
width from top of bank of the area to be planted in trees at this location. 

 
The buffer width ranges from 15 to 50 feet where the conservation easement is adjacent to the 
utility easement. The buffer on the opposite (right) bank has been widened up to 100 feet. 

 
 
3. T. Crumbley and T. Tugwell; USACE, 14 November, 2013:  

• A  brief  discussion  on  impacts  to  existing wetlands  is  presented  in  the Draft  plan,  but  any 
impacts (eg. filling, draining, converting) to current waters of the U.S. (streams, wetlands and 
open waters) must be accounted for and discussed in the Pre‐Construction Notification (PCN) 
and the loss or conversion of those waters must be replaced on‐site. (the conversion of ponds 
to  stream  is  considered  an  impact,  but  the  functional  uplift  provided  allows  for  this 



 

 

conversion to be conducted under NWP 27. These impacts do, however need to be accounted 
for in the PCN). 

 
Impacts to current waters of the U.S. will be accounted for in the PCN. 
 
• Please discuss in further detail any required maintenance of the diffuse flow structures shown 
on Design Drawing #s 12, 15, 23, and 24. 

 
No further maintenance is required within the easement for the diffuse flow structures. 
 
• Section 9, pg. 67. Performance Standards: It is stated that the Performance Standards will be 
consistent with  published  federal  rules,  but  additional  District/EEP  guidance must  also  be 
adhered to. Specifically the “Ecosystem Enhancement Program Monitoring Requirements and 
Performance  Standards  for  Stream  and  Wetland  Mitigation”  Dated  November  7,  2011. 
(Section IV C.) *All monitoring and performance standard requirements need to comply with 
this  EEP/District  guidance  unless  the  project  was  instituted  prior  to  the  release  of  this 
guidance* 

 
Section 9, p. 65 was amended to state that monitoring success criteria will be established in 
accordance with the Ecosystem Enhancement Program Monitoring Requirements and 
Performance Standards for Stream and Wetland Mitigation (Section IV C) dated November 7, 
2011. 
 
•  Under  normal  project  review  processes,  a  Jurisdictional  Determination  would  have  been 
submitted  concurrently  with  the  Draft  mitigation  plan.  Since  no  determination  was 
submitted,  please  be  advised  that  linear  footage  and  credit  amounts may  be  subject  to 
change, dependent upon the results of said determination. 

 
We understand that linear footage and credit amounts may be subject to change, dependent 
upon the results of the Jurisdictional Determination. 
 
• The upstream  reach of UT1 and UT1‐B are proposed  for Preservation.  In areas where work 
conducted will result  in functional uplift (eg. wider buffers, stabilization, or  invasive control) 
the mitigation plan should identify these areas as Enhancement at a 5:1 ratio. If none of these 
activities will  occur  then  the  Preservation  ratio  should  be  reduced,  unless  justification  for 
Preservation  at  a  5:1  ratio, with  consideration  of  factors mentioned  in  the District  stream 
preservation guidance, is provided. 

 
The mitigation plan was amended throughout to change the ‘Preservation’ stream segments to 
‘Stream Preservation and Buffer Enhancement’ at a ratio of 5:1. 
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EXECUTIVE SUMMARY 
 

“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.” 
 
The Poplin Ridge Stream Restoration Project (EEP Project #95359) is located within an agricultural 
watershed in Union County, North Carolina, approximately six miles north of Monroe. Many stream 
channels in the area have been heavily impacted by channelization and agricultural practices. The project 
will involve the restoration and protection of streams in the Stewarts Creek watershed. The purpose of 
this restoration project is to restore and enhance a stream complex located within the Yadkin River Basin.  
 
The project lies within USGS Hydrologic Unit Code 03040105070050 (USGS, 1998) and within the 
North Carolina Division of Water Quality (NCDWQ) Yadkin River Subbasin 03-07-14 (NCDENR, 
2002). The easement totals 27.17 acres, and is split into two tributary systems (UT1 and UT2). The 
western system (UT1) is divided into seven reaches along four unnamed tributaries to East Fork Stewarts 
Creek. The eastern system (UT2) is divided into five reaches, all unnamed tributaries of East Fork 
Stewarts Creek. UT1-Reach 1 has a drainage area of 0.21 square miles (136 acres); it begins at the start of 
the restoration project (STA 1+20) and extends southeast to STA 12+58. UT1-Reach 2 has a drainage 
area of 0.39 square miles (248 acres); it begins at STA 12+58 and extends to STA 24+89. UT1-Reach 3 
has a drainage area of 0.60 square miles (384 acres); it begins at STA 24+89 and extends to STA 34+50. 
UT1-Reach 4 is the downstream section of UT1 (STA 34+50 to 46+60), and has a drainage area of 1.14 
square miles (728 acres). Reach UT1-A has a drainage area of 0.14 square miles (88 acres) and flows 
south directly into UT1 at the break between Reaches 1 and 2. UT1-B has a drainage area of 0.19 square 
miles (120 acres) and flows south to the break between UT1 Reaches 2 and 3. UT1-C has a drainage area 
of 0.39 square miles (250 acres) and flows east to the break between UT1 Reaches 3 and 4 (Figure 11a). 
UT2-Reach 1 has a drainage area of 0.99 square miles (631 acres); it begins at the start of the UT2 portion 
of the restoration project (STA 0+00) and extends southwest to STA 4+90. UT2-Reach 2 has a drainage 
area of 1.13 square miles (726 acres); it begins at STA 4+90 and extends to STA 13+97. UT2-Reach 3 
has a drainage area of 1.24 square miles (792 acres); it begins at STA 13+97 and extends to STA 19+18. 
UT2-Reach 4 has a drainage area of 1.35 square miles (861 acres); it begins at STA 19+18 and extends to 
STA 22+07. Reach UT2-A has a drainage area of 0.08 square miles (49 acres) and flows east into UT2 at 
the break between Reaches 2 and 3 (Figure 11b).   
 
Land uses within and immediately adjacent to the project area include row crops, hay fields, pasture, 
concentrated animal feeding operations (CAFO), and wooded areas. The total easement area is 27.17 
acres, approximately 4.69 acres of which are wooded and the remaining 22.48 acres is agricultural fields 
and pasture. Land use immediately surrounding the project consists of livestock grazing, row crops, and 
forestry. Current stream conditions along the project’s proposed restoration reaches demonstrate 
significant habitat degradation as a result of impacts from livestock and channelization performed to 
promote agricultural activities. Additionally, the riparian buffer is in poor condition throughout most of 
the project area. Much of the riparian buffer is devoid of trees or shrubs, is active pasture and/or crops are 
present up to the edge of the existing channel. Little habitat is available to support aquatic life, and the 
channels are not maximizing their potential to filter nutrients because they are entrenched.  
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The goal for the Poplin Ridge Stream Restoration project is to restore the channelized streams based on 
reference reach conditions, enrich the aquatic ecosystem through stream restoration, riparian buffer 
habitat improvements and cattle exclusion, and provide ecological uplift within the Yadkin River Basin. 
The design will be based on reference conditions, USACE guidance (USACE, 2005), and criteria that are 
developed during this project to achieve success.  
 
The objective for this restoration project is to design a natural waterway with appropriate cross-sectional 
dimension and slope that will provide function and meet the appropriate success criteria for the existing 
streams. Accomplishing this objective entails the restoration of natural stream characteristics, such as 
stable cross sections, planform, and in-stream habitat. The floodplain areas will be hydrologically 
reconnected to the channel to provide natural exchange and storage during flood events. Additional 
project objectives, including restoring the riparian buffer with native vegetation, ensuring hydraulic 
stability, and eradicating invasive species, are listed in Section 1. 
 
The design approach for Poplin Ridge is to combine the analog method of natural channel design with 
analytical methods to evaluate stream flows and hydraulic performance of the channel and floodplain. 
The analog method involves the use of a “template” stream adjacent to, nearby, or previously in the same 
location as the design reach. The template parameters of the analog reach are replicated to create the 
features of the design reach. The analog approach is useful when watershed and boundary conditions are 
similar between the design and analog reaches (Skidmore, et al., 2001). Hydraulic geometry was 
developed using analytical methods in an effort to identify the design discharge.  
 
The Poplin Ridge Site will include Priority Level I stream restoration, stream Enhancement Levels I and 
II, and Stream Preservation and Buffer Enhancement. Priority Level I stream restoration will incorporate 
the design of a single-thread meandering channel, with parameters based on data taken from a reference 
site, published empirical relationships, NC Rural Piedmont Regional Curves, and hydrologic and 
hydraulic analyses. Approximately 3,697 linear feet of stream channel will be reconstructed. 
Enhancement Level I will be applied to 3,305 linear feet of channel that requires stabilization bank 
improvements, and buffer restoration. Enhancement Level II will be applied to an additional 953 linear 
feet of channel that requires buffer enhancement and/or minimal bank and habitat improvements. 
Additionally, Stream Preservation and Buffer Enhancement is proposed on 1,192 feet of channel. 
 
The stream and adjacent riparian areas will be protected by a minimum 50-foot permanent conservation 
easement, which will be fenced as needed to exclude livestock. However, an approximately 100-foot 
section along the east side of Reach UT1-R4 is proposed where the minimum 50-foot conservation 
easement cannot be met due to a Union Power Cooperative 100-foot right-of-way. At this location, the 
conservation easement will be extended to a width of 75- to 100-feet along the west side of the channel to 
offset the loss of easement on the opposite side. Additionally, areas within the power easement that fall 
within the 50-foot buffer will be planted with herbaceous/shrub vegetation.  No loss in stream credit is 
expected at this location since the buffer width will be increased along the west side to offset the 
encroachment of the powerline easement as was discussed with the IRT on July 11, 2012.  
 
Throughout the project area, there will be several breaks within the conservation easement where stream 
credits will not be generated to account either for 60-foot farm crossings or for existing Union Power 
overhead utility crossings. Along UT1, one existing crossing will be moved outside of the project, one 
new culvert crossing will be installed, and three culvert crossings will be upgraded. Along UT2, the 
existing culvert crossing will be upgraded, and there will be one 30-foot easement break associated with 
an existing Union Power easement. These two easement breaks will be planted with herbaceous/shrub 
vegetation within the 50-foot buffer. 
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After completion of all construction and planting activities, the site will be monitored on a regular basis. 
A physical inspection of the site will be conducted a minimum of twice per year throughout the seven 
year post-construction monitoring period, or until performance standards are met. These site inspections 
will identify site components and features that require routine maintenance. The measure of stream 
restoration success will be documented bankfull flows and no change in stream channel classification. 
The measure of vegetative success for the site will be the survival of at least 210 trees per acre at the end 
of Year 7 of the monitoring period. Annual monitoring data will be reported using the EEP monitoring 
template.  
 
Upon approval for closeout by the Interagency Review Team (IRT), the site will be transferred to the 
State of North Carolina (State). The State shall be responsible for periodic inspection of the site to ensure 
that restrictions required in the conservation easement or the deed restriction document(s) are upheld. 
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1. RESTORATION PROJECT GOALS AND OBJECTIVES 

The Poplin Ridge Stream Restoration Project is located in the Lake Twitty-Stewarts Creek Watershed 
(http://portal.ncdenr.org/web/eep/priorities-map). This 14-digit Hydrologic Unit Code (HUC 
03040105070050) is identified as a Targeted Local Watershed (TLW) in the Lower Yadkin Pee-Dee 
Basin Restoration Priority (RBRP). 
 
The North Carolina Ecosystem Enhancement Program (EEP) develops River Basin Restoration Priorities 
(RBRP) to guide its restoration activities within each of the state’s 54 cataloging units. RBRPs delineate 
specific watersheds that exhibit both the need and opportunity for wetland, stream and riparian buffer 
restoration. These TLWs receive priority for EEP planning and restoration project funds. Currently, no 
Local Watershed Plan (LWP) is available for the project area.  
 
The watershed is characterized by approximately 60 percent agricultural land use area with over 30 
animal operations. The Poplin Ridge Mitigation Site drains into Stewarts Creek. The 2012 NC 303(d) List 
rates Stewart Creek as Impaired for aquatic life because of ecological and biological integrity of benthos. 
From 0.4 miles downstream of Stumplick Branch to Lake Twitty, Stewart’s Creek is a Water Supply III 
watershed that services the City of Monroe. Lake Twitty is impaired for aquatic life because of low 
dissolved oxygen, copper, and chlorophyll a. This suburban stream is likely affected by both low flows 
and nonpoint runoff from its urban/suburban watershed. (BAU Memo B-060928; Appendix A-Use 
Support Ratings-Rocky River) 
 
The 2009 Lower Yadkin Pee-Dee RBRP identified water quality, point and non-point source runoff, and 
animal operations as major stressors within this TLW. The Poplin Ridge Stream and Wetland Restoration 
Project was identified as a Stream and Wetland opportunity to improve water quality, habitat, and 
hydrology within the TLW.  
 
The project goals address stressors identified in the TLW, and include the following: 

 Nutrient removal, 
 Sediment removal, 
 Reducing runoff from animal operations, 
 Filtration of runoff, and 
 Improved aquatic and terrestrial habitat. 
 

The project goals will be addressed through the following project objectives: 
 Establishing riparian buffer areas adjacent to CAFOs, 
 Converting active farm fields to forested buffers, 
 Stabilization of eroding stream banks, 
 Reduction in stream bank slope, 
 Restoration of riparian buffer bottomland hardwood habitats, and 
 Construction of in-stream structures designed to improve bedform diversity and trap detritus. 
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2. SITE SELECTION 

2.1 Directions to Site 
The Poplin Ridge Stream Mitigation Site (Site) is located in Union County approximately six miles north 
of Monroe, NC (Figure 1). To access the Site from the city of Monroe, travel west on West Roosevelt 
Boulevard, then turn north onto Secrest Short Cut Road. To access UT1, travel 3.6 miles on Secrest Short 
Cut Road, then turn right onto a gravel farm road and drive approximately 0.6 miles. To access UT2, 
travel north on Secrest Short Cut Road for 2.8 miles, then turn right onto Roanoke Church Road. After 
0.8 miles, turn left onto a gravel farm road. This private road will split just past the pond on the left. At 
the split, stay to the left and travel approximately 800 feet to access the downstream end of UT2. 

2.2 Site Selection 

2.2.1 USGS Hydrologic Unit Code and NC DWQ River Basin 
The project is located within the Yadkin River Basin (8-digit USGS HUC 03040105, 14-digit USGS 
HUC 03040105070050) (USGS, 1998) and the NCDWQ Yadkin 03-07-14 sub-basin (NCDWQ, 2002) 
(Figure 2). 

2.2.2 Project Components 
The project area is comprised of two perennial drainage features that flow from north to south towards 
their confluence with Stewarts Creek (Figure 4). UT1 has three smaller tributaries, one of which is 
intermittent. A small intermittent tributary (UT2-A) enters UT2 from the west, and an impoundment is 
located on the UT2 stream channel near the upper end of the project. Each drainage feature was assessed 
using the NCDWQ Stream Identification Form (Version 4.11). The stream mitigation project components 
are summarized in Table 1. 
 
US Fish and Wildlife Service National Wetland Inventory (NWI) mapping depicts four wetlands within 
the project site area (Figure 6). Three of these wetlands are small ponds classified as PUBHh (Palustrine 
Unconsolidated Bottom Permanently Flooded Diked/Impounded). These small ponds are adjacent to the 
stream channels; one is in the proposed buffer on UT2 and will be filled, one is within the project limits 
on UT2, and the third, at the head of UT1, is classified a PFO1 (Palustrine Forested Broad-Leaved 
Deciduous Temporarily Flooded). This NWI wetland was field verified and found not to be present or 
within the proposed project area.  
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Table 1. Poplin Ridge Site Project Components – Stream Mitigation 

Reach Mitigation 
Type1 

Stationing 
(Proposed) 

Existing 
Length2 

(LF) 

Proposed 
Length2 

(LF) 

Mitigation 
Ratio3 SMUs2

UT1-1 SP&BE 1+20 to 6+92 572 572 1 : 5.0 114 

UT1-1 Enhancement I 6+92 to 12+58 566 566 1 : 1.5 377 

UT1-2 P1 Restoration 12+58 to 24+89 1,284 1,171 1 : 1.0 1,171 

UT1-3 P1 Restoration 24+89 to 34+50 916 901 1 : 1.0 901 

UT1-4 Enhancement I 34+50 to 46+60 1,210 1,210 1 : 1.5 807 

UT1-A Enhancement I 0+65 to 2+82 197 217 1 : 1.5 145 

UT1-B SP&BE 0+09 to 6+29 620 620 1 : 5.0 124 

UT1-B Enhancement I 6+29 to 11+46 512 455 1 : 1.5 303 

UT1-C Enhancement I 1+21 to 9+78 883 857 1 : 1.5 571 

UT2-1 Enhancement II 0+00 to 4+90 490 490 1 : 2.5 196 

UT2-2 P1 Restoration 4+90 to 13+97 875 847 1 : 1.0 847 

UT2-3 P1 Restoration 13+97 to 19+18 495 521 1 : 1.5 347 

UT2-4 P1 Restoration 19+18 to 22+07 251 257 1 : 1.0 257 

UT2-A Enhancement II 0+65 to 5+28 365 463 1 : 2.5 185 

    Total     9,236 9,147   6,345 
1)  P1 = Priority 1;  SP&BE = Stream Preservation and Buffer Enhancement 
2)  The calculations for existing and proposed lengths and SMUs do not include stream segments associated with existing 
    culverts or breaks in the proposed conservation easement associated with culvert or utility crossings. 
3)  Reach UT2-3 has a lower mitigation ratio of 1:1.5 due to previous impacts from the landowner. The proposed lower  
    ratio is based on coordination with USACE. 
4)  See Figures 11A and 11B for reach locations.

2.2.3 Historical Land Use and Development Trends 

2.3 Historical condition  
Aerial imagery and information provided by the property owners indicate that the subject site has been 
used extensively for agricultural purposes. The locations of the streams have not changed in over 50 years 
(Figure 5). From 1961 to present, the land has been primarily used for agricultural crop production. 
Portions of forested buffers along UT1 and UT1-C were cleared between 1969 and 1976. By 1976, one 
poultry house was constructed along both UT1 and UT2. Between 1976 and 1983, two CAFOs (poultry 
houses) were added to the UT1 site and three additional houses were added along UT2. A pond on the 
eastern UT2 site (UT2-R2) was also constructed between 1976 and 1983. Between 1983 and 1993, three 
additional poultry houses were added, for a total of six along the UT1 site. No noticeable changes 
occurred along UT2 site. The 1998 aerial photography shows the forested area above UT2-R2 (pond) was 
cleared and converted into agriculture fields between 1993 and 1998. No other changes to land use are 
noticeable at that time. Since 1998 little development has occurred at the project site or adjacent property. 
The area remains in an agricultural use, with some neighboring forested property. As detailed in this 
section, several watershed characteristics, including groundwater, vegetation, surface drainage, and soils, 
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have been modified. Soil structure and surface texture have been altered from intensive agricultural 
operations. Historical land use development trends for the Site are summarized in Table 2. Figure 5 
shows 1976 aerial photography for the Site; additional historical aerial photographs from 1961, 1969, 
1976, 1983, 1993, and 1998 are included in the Environmental Data Resources, Inc (EDR) report in 
Appendix B. 
 
Table 2. Historical Land Use and Development Trends 

Date Land Use and Development Observations* 

1961 
Agricultural fields throughout the project area. UT1 Reach 3 and 4 were forested 
on the left bank. UT1-C also had a forested buffer on both banks. No evidence of 
CAFO (poultry houses) on either UT1 or UT2 sites.  

1969 Little change.  

1976 

The forested corridor where UT1-R3, UT1-R4, and UT1-C are proposed has 
been logged and converted into agricultural fields. One CAFO (poultry house) 
had been added to the western UT1 site. On the eastern UT2 site, one CAFO and 
a few buildings have been added. 

1983 
Two CAFO (poultry houses) have been added to the UT1 site.  Three additional 
CAFO (poultry houses) have been added to the UT2 site. UT2-R2 (pond) is 
present.  

1993 On the western UT1 farm operation, three additional poultry houses have been 
added for a total of six houses. The eastern UT2 farm has not changed. 

1998 The forested area above UT2-R2 (pond) has been logged and converted into 
agricultural fields. No other changes to land use are noticeable.  

2010 Depicts current site conditions. 
* Observations based on aerial imagery 
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2.3.1 Project Site Vicinity Map  
 
Figure 1. Project Vicinity Map 
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2.3.2 Project Site Watershed Map 
 
 
Figure 2. USGS/Watershed Map  
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2.4 Soil Survey 
The Poplin Ridge site is located in the Southern Piedmont Physiographic Province. The watershed is 
underlain by a fractured bedrock aquifer. Groundwater in the area is from aquifers that are local in nature 
(recharged generally from surrounding high topographic areas; generally within one mile). Aquifers are 
part of the Piedmont regolith-fractured bedrock groundwater system. Bored wells tap the regolith 
(saprolite) part of the system and drilled wells tap the bedrock fractures. Fractured-rock aquifers may not 
always convey or store large quantities of water. The water generally is suitable for drinking and other 
uses, but iron, manganese, and sulfate locally occur in objectionable concentrations. The water from these 
aquifers is mostly a calcium bicarbonate type and is considered too hard. 
 
The project area falls within the Badin-Cid-Goldston-Tatum soil association. The landscape where this 
association is found includes wide ridges with upland depressions and narrow ridges with convex side 
slopes along the major streams. Much of the area is shallow to fractured slate bedrock. The Union County 
Soil Survey depicts a limited number of soil types within the project area (Figure 3). The map units 
present are Badin channery silt loam, Chewacla silt loam, Cid channery silt loam, Goldston-Badin 
complex, Tarrus gravelly silt loam, and Tarrus gravelly silty clay loam, moderately eroded. Of the six 
mapped soil series that occur throughout the project, the majority consists of Chewacla and Tarrus. The 
loamy Chewacla soil is derived from alluvium of the fine-grained rocks found in the local upland 
watersheds. The remaining soils as well as the upland soils in the watershed formed in residuum 
weathered from schist, argillite or other fine-grained metavolcanic rocks of the Carolina Slate Belt.  
 
Badin channery silt loam is moderately deep, well-drained soil and has moderate permeability with 
medium to rapid runoff. The seasonal high water table is greater than 80 inches below the surface. 
Chewlaca silt loam is a somewhat poorly drained soil. It has moderate permeability with very slow runoff 
and typically floods frequently for brief periods. The seasonally high water table ranges from 6 to 18 
inches below the surface. Cid channery silt loam is moderately well or somewhat poorly drained soil. It 
has up to 35 percent rock fragment. Permeability is slow and runoff is slow to moderate. The seasonally 
perched water table ranges from 12 to 30 inches below the surface in the winter and spring. The 
Goldston-Badin complex consists of two soils that cannot be shown separately on the maps. This unit is a 
well-drained soil found on hill slopes on ridges. Permeability ranges from very low to high with a 
seasonal high water table greater than 80 inches below the surface. Tarrus gravelly silty clay loam is 
moderately eroded. This soil is well drained and has moderate permeability with low to very rapid runoff 
and a seasonal high water table greater than 80 inches below the surface. Rock fragments of quartz or 
other fine-grained rock range up to 40 percent.  
 
The Chewacla soil has bedrock at five to ten feet deep and the remaining soils found at the project site are 
shallow to weathered and hard fractured slate bedrock. These soils are typically used as cropland, pasture, 
or woodland. The Chewacla and Tarrus gravelly silt loam are considered prime farmland. The Chewacla 
series is considered to have small areas of hydric inclusions. The Badin and Cid soils are considered 
farmland of statewide importance. These soils are shallow to weathered bedrock, typically 20 to 40 inches 
for Badin and Cid, and 40 to 80 inches for Goldston-Badin complex soils and Tarrus.  
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2.4.1 Project Site NRCS Soil Survey Map 
 
 
Figure 3. NRCS Soils Map 
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2.4.2 Project Site Current Condition Plan View 
 
 
Figure 4a. Current Conditions – UT1 
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2.4.3 Project Site Current Condition Plan View (cont.) 
 
 
Figure 4b. Current Conditons – UT2 
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2.4.4 Project Site Historical Condition Plan View 
 
 
Figure 5. 1976 Historical Conditions Map 
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2.5 Site Photographs  

Facing downstream on UT1-R1 (Stream 
Preservation and Buffer Enhancement 
section). 12/11/12 

Facing downstream on UT1-R1 
(Enhancement I section).  
12/11/12 

Facing downstream on UT1-R2 (P1 
Restoration). 
12/11/12 

Facing upstream on UT1-R3 (P1 
Restoration). 
1/9/13 

Facing upstream on UT1-R4  
(Enhancement I). 
1/9/13 

Facing upstream on UT1-A (Enhancement I)  
(Enhancement I). 
12/11/12 
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Facing upstream on UT1-B (Enhancement I 
section).  
1/9/13 

Facing upstream on UT1-C (Enhancement I).  
1/9/13 
 

Facing downstream on UT2-R1 
(Enhancement II). 
12/11/12 

Facing upstream on UT2-R3 (P1 
Restoration). 
12/11/12 

Facing upstream on UT2-R4  
(P1 Restoration). 
12/11/12 

Facing downstream on UT2-A 
(Enhancement II). 
12/11/12 
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Reference reach. 
12/18/12 

Reference reach. 
12/18/12 
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3. SITE PROTECTION INSTRUMENT 

3.1 Site Protection Instrument(s) 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(s) is included in the 
appendices. 
 
Table 3. Project Parcel and Landowner Information 

 
 
When available, the recorded document(s) will be provided. If the recorded document(s) are not available, 
the template documents will be provided. 
 
All site protection instruments require 60-day advance notification to the Corps and the State prior to any 
action to void, amend, or modify the document. No such action shall take place unless approved by the 
State. 
 

Landowner PIN County
Site 

Protection 
Instrument

Deed Book 
and Page 
Number

Acreage 
Protected

Parcel A POPLIN THOMAS RAY & 
JUDY H

8273001 Union 10.18

Parcel B SIMPSON DON SCOTT 8273007 Union 4.44

Parcel C AYCOTH BILLY F SR 
TRUSTEE

8303014 Union 8.80

Parcel D HAMILTON KAREN S 08273006A Union 2.17

Parcel E BAUCOM TAMMY 
RENEE S

08273006B Union 1.35

Parcel F PHUNG FRANK & 
SYLVIA

08303014C Union 0.23

27.17TOTAL
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3.2 Site Protection Instrument Figure 
Site protection instrument figures will be provided as easement plats become available. 
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4. BASELINE INFORMATION 

Table 4. Project Information 

 

4.1 Watershed Summary Information 

4.1.1 Drainage Area 
The easement totals 27.17 acres and is split into two tributary systems (UT1 and UT2). The western 
system (UT1) is divided into seven reaches along four unnamed tributaries to East Fork Stewarts Creek. 
The eastern system (UT2) is divided into five reaches, all unnamed tributaries of East Fork Stewarts 
Creek. UT1-Reach 1 has a drainage area of 0.21 square miles (136 acres); it begins at the start of the 
restoration project (STA 0+00) and extends southeast to STA 12+58. UT1-Reach 2 has a drainage area of 
0.39 square miles (248 acres); it begins at STA 12+58 and extends to STA 24+89. UT1-Reach 3 has a 
drainage area of 0.60 square miles (384 acres); it begins at STA 24+89 and extends to STA 34+50. UT1-
Reach 4 is the downstream section of UT1 (STA 34+50 to 46+60), and has a drainage area of 1.14 square 
miles (728 acres). Reach UT1-A has a drainage area of 0.14 square miles (88 acres) and flows south 
directly into UT1 at the break between Reaches 1 and 2. UT1-B has a drainage area of 0.19 square miles 
(120 acres) and flows south to the break between UT1 Reaches 2 and 3. UT1-C has a drainage area of 
1.35 square miles (861 acres) and flows east to the break between UT1 Reaches 3 and 4 (Figure 11a). 
UT2-Reach 1 has a drainage area of 0.99 square miles (631 acres); it begins at the start of the UT2 portion 
of the restoration project (STA 0+00) and extends southwest to STA 4+90. UT2-Reach 2 has a drainage 
area of 1.13 square miles (726 acres); it begins at STA 4+90 and extends to STA 13+95. UT2-Reach 3 
has a drainage area of 1.24 square miles (792 acres); it begins at STA 13+95 and extends to STA 18+90. 
UT2-Reach 4 has a drainage area of 1.35 square miles (861 acres); it begins at STA 18+90 and extends to 
STA 29+59. Reach UT2-A has a drainage area of 0.08 square miles (49 acres) and flows east into UT2 at 
the break between Reaches 2 and 3 (Figure 11b).   
 
The land use in the project watershed is approximately 68 percent managed herbaceous and cultivated 
crops, 26 percent deciduous and evergreen forest, and six percent developed (mix of low, medium and 
high densities) and water bodies. Current land use around the project is primarily agricultural and 
forestry. Land use immediately surrounding the project consists of livestock grazing, row crops, and 
forestry. Future land use is projected to become more developed in the future due to the proximity to the 
Charlotte area. The Lower Yadkin Pee-Dee River Basin Restoration Plan (RBRP) indicates that urban 
land use may increase by over 350 percent with a population growth of 184 percent in Union County by 
the year 2030. 

4.1.2 Surface Water Classification 
Pursuant to 15A NCAC 02B .0301, because none of the streams within the project area are individually 
classified, they all carry “the same classification as that assigned to the stream segment to which 
it is tributary.” UT1 is one of two main stems of the project which, after leaving the project area, 
confluences directly with East Fork to Stewarts Creek. UT2 is a section of East Fork to Stewarts Creek 
and has a NCDWQ classification of WS-III.  Class WS-III waters are typically in low to moderately 
developed watersheds. These waters are used for drinking, food processing purposes and where WS-I or 
II are not feasible. WS-III waters are also protected for Class C uses. Class C waters are suitable for 
aquatic life, secondary recreation, and agricultural usage. 

Project Name
County
Project Area (acres)
Project Coordinates (latitude and 
longitude)

Poplin Ridge Stream Restoration Project
Union
27.17

UT1: 35° 03' 15.97" N   80° 34' 21.64" W
UT2: 35° 03' 17.99" N   80° 33' 46.77" W
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Table 5. Project Watershed Summary Information 

 

4.1.3 Endangered/Threatened Species  
Plants and animals with a federal classification of endangered or threatened are protected under 
provisions of sections 7 and 9 of the Endangered Species Act of 1973, as amended. Rare and protected 
species listed for Union County, and any likely impacts to the species as a result of the project 
construction, are discussed in the following sections.  
 
The US Fish and Wildlife Service (USFWS) database (updated 22 September 2010) lists three 
endangered species for Union County, North Carolina: Carolina heelsplitter (Lasmigona decorate), 
Schweinitz's sunflower (Helianthus schweinitzii), and Michaux’s sumac (Rhus michauxii). The Georgia 
aster (Symphyotrichum georgianum) is listed as a Candidate species that is under consideration for official 
listing in the future, but is not currently protected. No protected species or potential habitat for protected 
species was observed during preliminary site evaluations. Designated Critical Habitat for the Carolina 
Heel splitter in Union County is north of the project watershed in Goose Creek and drains directly to the 
Rocky River. There is no critical habitat in the Stewarts Creek watershed, which drain into Richardson 
Creek before entering the Rocky River. The project will not affect the Designated Critical Habitat.  
 
In addition to the USFWS database, the NC Natural Heritage Program (NHP) GIS database was consulted 
to determine whether previously cataloged protected species “element occurrences” had been mapped 
within one mile of the project site. Results from NHP indicated that there are no element occurrences 
within one mile of the project area. Based on initial site investigations, no impacts to federally protected 
species are anticipated as a result of the proposed project.  
 
WK Dickson submitted a request to USFWS and North Carolina Wildlife Resources Commission 
(NCWRC) for review and comments on the proposed Poplin Ridge Stream Restoration Project on June 7, 
2012 in regards to any potential impacts to threatened and endangered species. No response was received 
within a 30-day period from the USFWS; therefore, it is assumed that the initial determination of no 
effect to endangered and threatened species will result from the proposed project. In a letter dated June 
20, 2012 (Appendix B), the NCWRC stated that their biologists had “reviewed the subject information” 
and recommended establishing native, forested buffers in the riparian areas to protect water quality, 
improve terrestrial habitat, and a travel corridor for wildlife species. 
 
The proposed project offers some potential to improve or create suitable habitat for several Federal 
Species of Concern. Habitat may be improved or created for species that require riverine habitat by 
improving water quality, in-stream and near-stream forage, and providing stable conditions not subject to 
regular maintenance or disturbance. Improved bottomland habitat may benefit dwarf aster (Eurybia 
mirabilis) and Georgia aster (Symphyotrichum georgianum). Improved stream habitat may benefit 
Virginia quillwort (Isoetes virginica), American eel (Anguilla rostrata), and Carolina darter (Etheostoma 
collis collis). The environmental screening phase of the project will include USFWS coordination to 
confirm these findings. 

Physiographic Province
River Basin
USGS Hydrologic Unit 8-digit
USGS Hydrologic Unit 14-digit
DWQ Sub-basin

Project Drainage Area (acres)

Project Drainage Area 
Percentage of Impervious Area

CGIA Land Use Classification

Yadkin
Piedmont

developed (open space, low density, med. density, high density), cultivated crops, pasture/hay, 
deciduous forest, evergreen forest

UT1: 8%
UT2: 5%

UT1: 1.14 square miles (728 acres)
UT2: 1.35 square miles (861 acres)

03-07-14
03040105070050

03040105
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4.1.4 Cultural Resources 
Cultural resources include historic and archeological resources located in or near the project area. WK 
Dickson completed a preliminary survey of cultural resources to determine potential project impacts. No 
architectural structures or archeological artifacts have been observed or noted during surveys of the site 
for restoration purposes. In addition, the majority of the site has historically been disturbed due to 
agricultural practices and channel modifications. 
 
WK Dickson submitted a request to the NC State Historic Preservation Office (SHPO) to search records 
to determine the presence of any areas of architectural, historic, or archaeological significance that may 
be affected by the Poplin Ridge Stream Restoration Project on June 7, 2012. In a letter dated June 18, 
2012 (Appendix B), the SHPO stated that they had “conducted a review of the project and are aware of 
no historic resources which would be affected by the project.” 

4.2 Reach Summary Information 
Table 6. Reach Summary Information 

 
 
  

Parameters UT1-R1 UT1-R2 UT1-R3 UT1-R4 UT1-A UT1-B
Length of reach (linear feet) 1,138 1,284 833 1,252 197 1,132 
Valley Classification VIII VIII VIII VIII VIII VIII
Drainage area (acres) 136 248 384 728 88 120
NCDWQ stream identification 
score

35.0 22.5 30.0 31.0 35.0 35.0

NCDWQ Water Quality 
Classification

WS-III WS-III WS-III WS-III WS-III WS-III

Morphological Description 
(stream type)

E4 E4 E4 C4 E4 E4/C4

Evolutionary trend Stage I Stage II Stage II Stage V Stage I Stage I/III
Underlying mapped soils CmB CmB, TbB2 CmB, TbB2 ChA CmB CmB

Drainage class mod. well mod. well; well mod. well; well somewhat 
poorly

mod. well mod. well

Soil Hydric status Not Hydric Not Hydric Not Hydric Partially Hydric Not Hydric Not hydric
Slope 0.48% 0.70% 0.40% 0.50% 1.20% 1.80%
FEMA classification N/A N/A N/A Zone AE N/A N/A

Native vegetation community mixed hardwood 
forest, cultivated

cultivated cultivated cultivated cultivated mixed hardwood 
forest, cultivated

Percent composition of exotic 
invasive vegetation

10% 0% 0% 0% 5% 15%
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Table 6. Reach Summary Information (cont.) 

 
*Most of the project area is characterized by rolling hills and narrow valleys, which does not exactly match any of the valley 
types characterized under the Rosgen (1996) classification system. The closest valley type representative of the project streams is 
type VIII; narrow or wide alluvial valleys that typically support C, D, E, F, or G stream types. 

4.2.1 Channel Classification 
The project area streams have been classified as intermittent and perennial using the NCDWQ Stream 
Identification Form version 4.11 (Appendix B) and are predominantly E4 or C4 stream types using the 
Rosgen stream classification method (Rosgen, 1994). The design reaches have been separated into 12 
distinct sections that are described in Section 4.2.3. Channel characteristics are summarized in Table 7. 
 
Table 7. Summary of Existing Channel Characteristics 

Reach 
Drainage 

Area 
(Ac) 

ABKF
1 

(ft2) 
Width 

(ft) 
Max Depth 

(ft) 
Width:Depth 

Ratio Sinuosity Slope (ft/ft) 

UT1-A 88 6.8 6.9 1.4 6.9 1.0 0.0120 
UT1-B Pres. 120 6.1 11.2 1.0 20.4 1.1 0.0120 
UT1-B Enh. 120 5.5 6.0 1.1 6.6 1.0 0.0180 

UT1-C 250 10.0 10.0 1.1 10.0 1.0 0.0080 
UT1-R1 Pres. 136 10.1 7.9 2.0 6.2 1.2 0.0048 
UT1-R1 Enh. 136 10.4 7.5 1.8 5.4 1.0 0.0110 

UT1-R2 250 14.2 9.9 2.0 7.0 1.0 0.0070 
UT1-R3 384 22.2 12.8 2.4 7.4 1.0 0.0040 
UT1-R4 728 21.9 17.5 2.3 14.0 1.0 0.0050 
UT2-R1 631 19.6 25.6 1.7 33.5 1.1 0.0027 
UT2-R2 726 --- --- --- --- --- 0.0010 
UT2-R3 792 22.4 16.2 2.6 11.8 1.0 0.0057 
UT2-R4 861 12.6 12.1 1.6 11.6 1.0 0.0031 
UT2-A 49 3.0 6.1 1.2 12.2 1.0 0.0130 

1 ABKF = cross-sectional area (measured from top of bank) 
 

Parameters UT1-C UT2-R1 UT2-R2 UT2-R3 UT2-R4 UT2-A
Length of reach (linear feet) 883 490 875 495 270 365 
Valley Classification VIII VIII VIII VIII VIII VIII
Drainage area (acres) 250 631 726 792 861 49
NCDWQ stream identification 
score

35.0 33.5 33.5 22.5 33.5 33.5

NCDWQ Water Quality 
Classification

WS-III WS-III WS-III WS-III WS-III WS-III

Morphological Description 
(stream type)

E4 C4c N/A E4 E4 C4

Evolutionary trend Stage IV Stage VI N/A Stage II Stage II Stage IV
Underlying mapped soils TbB2 ChA ChA ChA, BaB ChA ChA, CmA

Drainage class well somewhat 
poorly

somewhat 
poorly

somewhat 
poorly; well

somewhat 
poorly

somewhat 
poorly; mod. well

Soil Hydric status Not Hydric Partially Hydric Partially Hydric Partially Hydric Partially Hydric Not Hydric

Slope 0.80% 0.27% 0.10% 0.57% 0.31% 1.30%
FEMA classification N/A Zone AE Zone AE Zone AE Zone AE N/A

Native vegetation community cultivated woody cover, 
cultivated

cultivated cultivated cultivated cultivated

Percent composition of exotic 
invasive vegetation

0% 20% 0% 0% 0% 0%
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4.2.2 Discharge 
Estimating bankfull flows (discharge) for Poplin Ridge is difficult due to the existing ditches that have 
been maintained and channelized over time. Because bankfull indicators such as point bars and vegetation 
lines were not present, several models, regression equations, and Piedmont regional curves were used to 
estimate existing discharges. Land use and slope were considered when the discharge calculations were 
developed. All hydraulic and hydrologic analyses are discussed in Section 7.3.1. Data and analysis of the 
hydrologic and hydraulic models are included in Appendix C.  

4.2.3 Channel Morphology  
The project area is comprised of two perennial drainage features that flow from north to south towards 
their confluence with Stewarts Creek (Figure 2). UT1 has three smaller tributaries, one of which is 
intermittent. A small intermittent tributary (UT2-A) enters UT2 from the west and an impoundment is 
located on the UT2 stream channel near the upper end of the project. Each drainage feature was assessed 
using the NCDWQ Stream Identification Form (Version 4.11), and the scores are presented in Appendix 
B. 
 
In general, the streams do not typically function to their full potential. Having been channelized in the 
past and ditched to drain nearby wetlands for row crops, the streams do not access their floodplains as 
often as they naturally would have prior to the farm operations. In some cases, the streams are not 
hydraulically stable, causing erosion and undercutting of the banks. Habitat along the restoration reaches 
is poor in that there is little to no debris for fish cover or protection for other aquatic species. Vegetation 
and habitat diversity are poor along the reaches and offers little benefit to area wildlife. Site photographs 
are located in Section 2.5 and morphological parameters are in Appendix B.  
 
Each project reach was classified using Simon’s channel evolution model (Simon, 2006) in an attempt to 
predict future channel changes resulting from historical channel impacts or watershed changes. See Table 
6 for channel evolution stages. The majority of the project reaches exhibit disturbed and/or unstable 
characteristics resulting from straightening and channelization occurring prior to the 1950’s or 1970’s.  Of 
the channelized reaches, UT1-R2, UT1-R3, UT2-R3, and UT2-R4 appear to be in Stage II – Channelized. 
If these channels continue through the evolutionary stages, the reaches will continue to degrade and widen 
before reaching a quasi-equilibrium stage. Reaches UT1-R4, UT1-B, UT1-C, and UT2-A appear to be in 
Stages III, IV and V where the channels are degrading and/or widening, or aggrading and widening.  
These channels are actively adjusting as they move toward the quasi-equilibrium stage. Finally, the 
remaining project reaches that are stable and are proposed for enhancement are either in Stage I – 
Sinuous, Pre-modified, or Stage VI – Quasi-equilibrium. 

 UT1 4.2.3.1

UT1-Reach 1 has a drainage area of 0.21 square miles (136 acres). It is a perennial stream that flows in a 
southeasterly direction. The upper segment of this stream reach is surrounded by a mature forested buffer. 
The lower half of this stream reach is bound by agricultural fields, although a narrow buffer is present. 
The planform of this E-type channel is slightly incised throughout, as bankfull elevations appear to be 0.5 
to 1.0 feet below top of bank.. Within the forested (Stream Preservation and Buffer Enhancement) 
section, the channel exhibits a sinuosity of 1.2. The current cross sectional area of the section is 10.1 
square feet with approximate dimensions of 7.9 feet wide and 2.0 feet deep, and a gradient of 0.0048 ft/ft. 
The existing length of the Stream Preservation and Buffer Enhancement section is 572 linear feet. Within 
the Enhancement I section of UT1-Reach 1, the channel has a sinuosity value of 1.0. The current cross 
sectional area of the Enhancement I section is 10.4 square feet with approximate dimensions of 7.5 feet 
wide and 1.8 feet deep, and a gradient of 0.0011 ft/ft. The existing length of the Enhancement I section is 
566 linear feet. The channel scored 58 and 38 on the NCDWQ Habitat Assessment Form (Revision 6) for 
the upper and lower segments, respectively.  
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UT1-Reach 2 has a drainage area of 0.39 square miles (250 acres). It begins at a farm crossing just below 
the confluence of UT1-Reach 1 and UT1-A. This stream reach also flows in a southeasterly direction. A 
narrow shrubby and herbaceous buffer approximately 20 to 30 feet wide is present along the right bank of 
the stream channel. UT1-Reach 2 is surrounded by cultivated fields on both stream banks. Six poultry 
houses are located on the right bank approximately 150 LF upslope from this stream reach. The current 
cross sectional area is 14.2 square feet. This channel is 2.0 feet deep and 9.9 feet wide, and has a gradient 
of 0.0070 ft/ft. The planform of this E-type channel is generally straight with occasional bends and 
exhibits little to no incision. The channel has an existing length of 1,284 linear feet, and the banks are 
nearly vertical in many locations. UT1-Reach 2 had the highest volume of large woody debris present of 
the four assessed stream reaches due to the presence of a thin buffer. The channel scored 52 on the 
NCDWQ Habitat Assessment Form (Revision 6). 
 
UT1-Reach 3 has a drainage area of 0.60 square miles (384 acres) and an existing length of 833 linear 
feet. It begins at the confluence of UT1-Reach 2 and UT1-B. This stream channel has a slope of 0.0040 
ft/ft. Cultivated fields are adjacent on both banks leaving no buffer to contain sediment input and 
pollutants from adjacent agricultural uses. This reach has been historically straightened and dredged. 
UT1-Reach 3, an E-type channel, has a planform that is straight throughout. The current cross sectional 
area is 22.2 square feet, and the channel is approximately 2.4 feet deep and 12.8 feet wide. The entire 
reach has steep banks and bankfull stage is approximately located at top of bank. The dominant bed 
materials are cobble and gravel. The channel scored 40 on the NCDWQ Habitat Assessment Form 
(Revision 6). 
 
UT1-Reach 4 is the downstream most segment of UT1. It has a drainage area of 1.34 square miles (728 
acres) and an existing length of 1,252 linear feet. UT1-Reach 4 starts at the confluence of UT1-Reach 3 
and UT1-C and flows south to the property boundary. This stream reach has similar land use as UT1-
Reach 3 with agricultural fields on both left and right banks. A power line easement runs along the 
eastside through the field, and there is an existing farm crossing located at the downstream end of the 
reach. UT1-Reach 4 is a C-type channel with a sinuosity of 1.0. The current cross sectional area is 21.9 
square feet, and the channel is 2.3 feet deep and 17.5 feet wide. It has a gradient of 0.0050 ft/ft. Bankfull 
stage is located near top of bank, and alternating, vegetated bars were observed along the reach. The 
banks are nearly vertical in many locations, the buffer is comprised of agricultural crops and/or grasses, 
and minimal amounts of woody debris were observed in the channel. The channel scored 27 on the 
NCDWQ Habitat Assessment Form (Revision 6). 
 
UT1-A is an intermittent stream that flows from north to south before joining UT1-Reach 1. UT1-A has a 
drainage area of 0.14 square miles (88 acres), an existing length of 217 linear feet and is surrounded by 
agricultural fields. This stream reach is generally straight, is appropriately  sized, and has little to no 
stream buffer within the project area. Above the project area, UT1-A has a forested stream buffer. The 
current cross sectional area is 6.8 square feet with approximate dimensions of 6.9 feet wide and 1.4 feet 
deep, and a gradient of 0.0120 ft/ft. The channel scored 36 on the NCDWQ Habitat Assessment Form 
(Revision 6). 
 
UT1-B is a stable perennial channel that flows from north to south into UT1-Reach 2. UT1-B has a 
drainage area of 0.19 square miles (120 acres). The upper half of UT1-B is stable and has an intact stream 
buffer dominated by hardwoods with a few localized areas of dense privet. The lower portion of UT1-B 
presents areas of unstable stream banks where it has abandoned its historical flowpath within a 
channelized ditch and has cut a new channel through a cultivated field and has no stream buffer. Within 
the Stream Preservation and Buffer Enhancement section, the channel has a sinuosity value of 1.1. The 
current cross sectional area of the Stream Preservation and Buffer Enhancement section is 6.1 square feet 
with approximate dimensions of 11.2 feet wide and 1.0 feet deep, and a gradient of 0.0120 ft/ft. The 
existing length of this section is 620 linear feet. Within the Enhancement I section of UT1-B, the channel 
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has a sinuosity value of 1.0. The current cross sectional area of this section is 5.5 square feet with 
approximate dimensions of 6.0 feet wide and 1.1 feet deep, and a gradient of 0.0180 ft/ft. The existing 
length of the enhancement section is 512 linear feet. The channel scored 67 and 53 on the NCDWQ 
Habitat Assessment Form (Revision 6) for the upper and lower segments, respectively. 
 
UT1-C is a perennial stream channel impaired by channelization to promote agricultural activities. UT1-C 
has a drainage area of 0.39 square miles (250 acres) and an existing length of 883 linear feet. There one 
culvert crossing located  near the upstream end of the reach that is in poor condition.  The current cross 
sectional area is 10.0 square feet with approximate dimensions of 10.0 feet wide and 1.1 feet deep, and a 
gradient of 0.0080 ft/ft. The channel flows straight down the middle of the valley, is slightly oversized in 
some areas, and exhibits localized bank instability throughout. The stream buffer is in poor condition as it 
has been cleared to the top of bank for agricultural purposes. UT1-C flows west to east to the confluence 
with UT1-Reach 3. The channel scored 61 on the NCDWQ Habitat Assessment Form (Revision 6). 

 UT2 4.2.3.2

UT2-Reach 1 is a stable perennial channel that lies between an active pasture and a cultivated field. The 
stream buffer, which lacks mature hardwoods, has been disturbed by agricultural practices and cattle 
access. UT2-Reach 1 flows into a farm pond (UT2-Reach 2). UT2-Reach 1 has a drainage area of 0.99 
square miles (631 acres) and an existing length of 490 linear feet. This stream reach has a sinuosity of 1.1. 
The current cross sectional area is 19.6 square feet with approximate dimensions of 25.6 feet wide and 1.7 
feet deep, and a gradient of 0.0027 ft/ft. The channel scored 56 on the NCDWQ Habitat Assessment Form 
(Revision 6). 
 
UT2-Reach 2 is currently a 1.3-acre farm pond. This pond has a drainage area of 1.13 square miles (726 
acres) and is surrounded by cultivated fields. The pond is shallow to bedrock around the edges and is 
approximately 3.0 feet at it deepest point. UT2-Reach 2 has an existing length of 875 linear feet and a 
gradient of 0.0010 ft/ft. 
 
UT2-Reach 3 is a perennial channel that lies between an active pasture and a cultivated field. This stream 
reach has been straightened in the past, is appropriately sized, and has little to no stream buffer within the 
project area. The upper portion of this reach is experiencing active erosion of the bed and banks. The 
lower portion of the reach has a stable bed with moderate bank erosion. UT2-Reach 3 has a drainage area 
of 1.24 square miles (792 acres) and an existing length of 495 linear feet. The current cross sectional area 
is 22.4 square feet with approximate dimensions of 16.2 feet wide and 2.6 feet deep, and a gradient of 
0.0057 ft/ft. The channel scored 37 on the NCDWQ Habitat Assessment Form (Revision 6). 
 
UT2-Reach 4 is a perennial channel that flows through active pasture and cultivated fields. This reach is 
straight, undersized, and has a highly disturbed buffer with invasive species present. The bed is stable in 
most places, and the banks are moderately unstable through much of the reach. The downstream-most 
portion of the reach has stable banks. UT2-Reach 4 has a drainage area of 1.35 square miles (861 acres) 
and an existing length of 270 linear feet. The current cross sectional area is 12.6 square feet with 
approximate dimensions of 12.1 feet wide and 1.6 feet deep, and a gradient of 0.0031 ft/ft. The channel 
scored 27 on the NCDWQ Habitat Assessment Form (Revision 6). 
 
UT2-A is an intermittent channel that flows into a farm pond (UT2-Reach 2). This reach flows through an 
active cattle pasture and lacks a vegetated buffer. UT2-A is appropriately sized for most of the reach; 
however, active erosion of the bed and banks was observed throughout. UT2-A has a drainage area of 
0.08 square miles (49 acres) and an existing length of 365 linear feet. The current cross sectional area is 
3.0 square feet with approximate dimensions of 6.1 feet wide and 1.2 feet deep, and a gradient of 0.0130 
ft/ft. The channel scored 25 on the NCDWQ Habitat Assessment Form (Revision 6). 
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4.2.4 Channel Stability Assessment 
A modified version of the channel stability assessment method (CSA) provided in “Assessing Stream 
Channel Stability at Bridges in Physiographic Regions” by Johnson (2006) was used to assess channel 
stability for the Poplin Ridge existing channels and reference reach. This method may be rapidly applied 
on a variety of stream types in different physiographic regions having a range of bed and bank materials.  
 
The original CSA method was designed to evaluate thirteen stability indicators in the field. These 
parameters are: watershed characteristics (frequency of watershed disturbances such as agricultural 
activities, urbanization, etc), flow habit, channel pattern, entrenchment/channel confinement, bed 
material, bar development, presence of obstructions/debris jams, bank soil texture and coherence, average 
bank angle, bank vegetation/protection, bank cutting, mass wasting/bank failure, and upstream distance to 
bridge. See Appendix B for a detailed description of the stability indicators. As this method was initially 
developed to assess stability at bridges, a few minor adjustments were made to remove indicators that 
contradict stability characteristics of natural channels in favor of providing hydraulic efficiency at 
bridges. First, the “channel pattern” indicator was altered such that naturally meandering channels scored 
low as opposed to straightened/engineered channels that are favorable for stability near bridges. Secondly, 
the last indicator, “upstream distance to bridge,” was removed from the assessment as bridges are not a 
focus of channel stability for this project. The twelve indicators were then scored in the field, and a rating 
of excellent, good, fair, or poor was assigned to each project reach based on the total score. 
 
The CSA results (scores and ratings) for the Poplin Ridge project and reference reaches are provided in 
Table 8 and Table 9. Five of the nine stream reaches along UT1 received “Fair” ratings, while three 
reaches received “Good” ratings. UT1-R4 had a rating of “Poor.” UT2 stream reaches scored significantly 
higher with three “Poor” ratings. UT2-R1 received a rating of “Good” and UT2-A was “Fair.” Overall, 
the existing project streams appear to be physically stable as there is little active erosion present; 
however, all channels have been straightened and most are slightly entrenched and are actively 
maintained. These characteristics are reflected in the poor CSA scores for channel pattern and bank 
vegetation/protection. Most reaches also scored poorly for watershed characteristics since the surrounding 
land use is dominated by agriculture activities (Table 8 and Table 9).  
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Table 8. Channel Stability Assessment Results – UT1 
  UT1-R1 

Pres. 
UT1-R1 

Enh. 
UT1-
R2 

UT1-
R3 

UT1-
R4 

UT1-
A 

UT1-B 
Pres. 

UT1-B 
Enh. 

UT1-
C 

Reference 
Reach 

1 Watershed 
characteristics 6 7 7 7 9 7 4 7 7 7 

2 Flow habit 9 9 7 6 9 9 9 8 5 2 
3 Channel pattern  5 8 5 9 11 9 5 6 3 2 
4 Entrenchment/channel 

confinement 7 3 8 9 8 4 5 5 5 2 

5 Bed material  10 6 4 6 9 7 3 6 3 3 
6 Bar development 10 2 5 7 11 1 10 7 6 5 
7 Obstructions/debris 

jams 7 3 6 5 8 3 5 5 4 2 

8 Bank soil texture and 
coherence 3 7 5 6 8 7 5 7 4 3 

9 Average bank angle  5 9 7 10 11 9 6 6 6 5 
10 Bank 

vegetation/protection 3 4 9 10 12 6 2 11 11 2 

11 Bank cutting 6 4 8 6 10 6 2 7 5 2 
12 Mass wasting/bank 

failure 5 4 7 6 11 4 2 7 3 2 

13 Upstream distance to 
bridge  NA NA NA NA NA NA NA NA NA NA 

  Score 76 66 78 87 117 72 58 82 62 37 
  Rating* Fair Good Fair Fair Poor Fair Good Fair Good Good 
*Excellent (0 < Score <= 33), Good (33 < Score <= 66), Fair (66 < Score <= 99), Poor (99 < Score <= 132) 

 
Table 9. Channel Stability Assessment Results – UT2 

  UT2-R1 UT2-R2 UT2-R3 UT2-R4 UT2-A Reference 
Reach 

1 Watershed characteristics 8 10 9 11 7 7 
2 Flow habit 6 10 9 8 8 2 
3 Channel pattern  7 12 10 11 9 2 
4 Entrenchment/channel 

confinement 3 10 7 11 7 2 

5 Bed material  10 12 10 10 5 3 
6 Bar development 10 12 10 11 6 5 
7 Obstructions/debris jams 4 12 8 11 4 2 
8 Bank soil texture and 

coherence 5 10 8 9 6 3 

9 Average bank angle  4 12 8 7 7 5 
10 Bank vegetation/protection 3 12 10 10 11 2 
11 Bank cutting 3 10 6 8 9 2 
12 Mass wasting/bank failure 2 10 6 6 7 2 
13 Upstream distance to bridge  NA NA NA NA NA NA 
  Score 65 132 101 113 86 37 
  Rating* Good Poor Poor Poor Fair Good 
*Excellent (0 < Score <= 33), Good (33 < Score <= 66), Fair (66 < Score <= 99), Poor (99 < Score <= 132) 

4.2.5 Bankfull Verification 
Bankfull can be difficult to identify on a streams that are actively maintained for agricultural purposes. 
Because the usual indicators rarely exist, other factors have to be taken into consideration in order to 
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accurately identify a bankfull stage. Other factors that can be used are wrack lines, vegetation lines, scour 
lines, or top of a bankfull bench. Throughout the entire project, most stream channels are slightly incised 
and actively maintained, which means bankfull indicators were limited or non-existent. Therefore, the 
bankfull stage was estimated by using the Piedmont Regional Curves, existing cross sections, and in-
house spreadsheets to calculate bankfull area and bankfull discharge.  

4.2.6 Vegetation 
Current land use around the project is primarily agriculture and forestry. Land use immediately 
surrounding the project consists of concentrated animal feeding operations (CAFO), livestock grazing, 
row crops, and forestry. The pasture is a mix of tall fescue (Schedonorus phoenix), Bermuda grass 
(Cynodon dactylon), and other pasture grasses. The row crops are corn and soybeans. Weedy herbaceous 
species are also common and include Canada goldenrod (Solidago canadensis), beggarticks (Bidens sp.), 
blackberry (Rubus argutus), dogfennel (Eupatorium capillifolium), spiny plumeless thistle (Carduus 
acanthoides), and American pokeweed (Phytolacca americana).  
 
Wetter areas in depressions and along the channel banks include common rush (Juncus effusus), 
Pennsylvania smartweed (Polygonum pensylvanicum), and sedges (Carex spp.). Where not maintained 
frequently, a few woody stems persist along the channel banks, including sweetgum (Liquidambar 
styraciflua), American black elderberry (Sambucus nigra ssp. canadensis), black willow (Salix nigra), 
cottonwood (Populus deltoides), and tuliptree (Liriodendron tulipifera). Non woody species include 
sawtooth blackberry (Rubus argutus) and fescue. Some exotics were noted including Chinese privet 
(Ligustrum sinense), multiflora rose (Rosa multiflora), tree-of-heaven (Ailanthus altissima), Nepalese 
browntop (Microstegium vimineum), and Japanese honeysuckle (Lonicera japonica). Only Chinese privet 
is widespread. Table 10 summarizes the natural communities at the Site. 
 
Table 10. Natural Community Summary 

Land Use/Natural Community Percent of 
Study Area Schafale and Weakley Community 

Agriculture – Row Crops 61 NA 

Agriculture – Pasture/Hayfields 19 NA 

Mixed Pines/Hardwoods 9 Mesic Mixed Hardwood Forest 
-Piedmont Subtype 

Concentrated Animal Feeding Operation 7 NA 

Open Water 1 NA 

Residential/Managed Herbaceous 3 NA 
 

4.2.7 Quantitative Habitat Assessment  
A quantitative habitat assessment was performed in December 2012 on the reference reach and in January 
2013 on existing Poplin Ridge reaches UT1-R2, UT1-R4, UT1-B, and UT2-R4 to measure the volume of 
woody debris and fish cover. These data were used to establish a baseline for measuring functional uplift 
and as a tool to determine the placement and volume of woody debris in the design reaches. The total 
available woody debris (not buried) in the reference reach exceeds the design reaches on a per linear foot 
basis. In addition, surveys conducted pre- and post-construction in the restoration reach will enable the 
quantification of habitat deficiencies and habitat gains over time.  
 
The length of each sample reach was thirty to forty times the base-flow wetted width of the channel with 
a minimum reach size of 200 feet. The sample reach was divided into ten transects spaced evenly over the 
entire reach. Transect length was five feet upstream and five feet downstream of the transect midpoint, 
and extended the full width of the channel. Parameters measured at each transect were small woody 
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debris (SWD), fish cover, substrate material, and riparian composition. At each transect, the channel bed 
form was noted and an average width and depth were recorded. The following is an analysis of the habitat 
assessment data. 
 
Stream Preservation and Buffer Enhancement reaches were not sampled during the habitat assessment 
due to the presence of an intact stream buffer. Any restoration or enhancement stream reach that was not 
sampled in the habitat assessment was due to similarity with other sampled reaches. 

 Small Woody Debris Methods and Results 4.2.7.1

Small woody debris was measured at the reference reach in order to design SWD habitat structures 
similar to those found in the reference reach (Appendix B). SWD greater than 0.2 inches in diameter was 
measured in each reference reach transect. A diameter of 0.2 was selected arbitrarily as a cutoff between 
individual small sticks that makeup a negligible percentage of the total SWD volume versus small 
branches that provide more significant volume and habitat benefits. Large woody debris was eliminated 
from the analysis since these are analogous to structures such as log grade controls and log toes currently 
applied to most restoration designs.   
 
Transects were identified as either riffle, pool, run, or glide bed form types resulting in three pools, three 
riffles, two glides and two runs measured at the reference reach. Measurements of SWD were summed for 
each bed form type and divided by the number of corresponding transects to get the average volume of 
SWD per bed feature. The average volume was then divided by the average transect area to get the 
volume of SWD per square foot. The average design reach bed form area was calculated by assuming a 
length of ten feet (based on reference transects) and multiplying that by the average bottom cross section 
width. The average volume was multiplied by the ratio of average reference reach transect area to the 
average area in the design reach to obtain the volume of SWD to be installed at each fixed pool and at 
select locations along the design bed feature.  
 
WK Dickson currently uses wattles, dead brush, and woody debris bundles in the design of restoration 
channels. Based on the reference reach SWD analysis, these SWD structures will be concentrated in pool 
habitats and throughout runs and glides in volumes and size classes similar to those found in the reference 
reach. Wattles are woody branch structures tied together and embedded into the bank so that the free ends 
stick out into the wetted channel. Dead brush structures are shrub or tree tops that are anchored to the 
bottom of the channel. Woody debris bundles are bundles of sticks one to four inches in diameter and one 
to four feet long that are anchored to the streambed. Although root wads serve as bank stability structures, 
they also provide a significant amount of SWD volume to the restoration reach. The average volume of 
each SWD structure is presented in Table 11. A combination of structures listed in Table 11 will be used 
in the design to attempt to achieve the calculated average volume per bed form type listed in Table 12. 
 
Table 11. Average volume (cubic inches) of SWD structures used in the design reach 

SWD Average Volume 
Woody Debris Bundle 509 

Dead Brush 589 
Wattle 42 

Root Wad 562 
Leaf Pack 120 
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Table 12. Small Woody Debris calculations for the reference and design reach 

Channel 
bed form 

Number 
of 

transects 

Total 
volume 

(in3) 

Average 
volume in 
reference 
reach (in3) 

Percent 
of WD 

Average volume to be applied to design per 10 LF 
of channel (in3) 

UT1-R2 UT1-R3 UT2-R2/3 UT2-R4 
Riffle 3 9721 3240 65% 2,819 3,240 4,083 4,342 
Pool 3 710 237 5% 206 237 298 317 
Run 2 2137 1069 14% 930 1,069 1,346 1,432 

Glide 2 2315 1158 16% 1,007 1,158 1,458 1,551 
Total 10 14883 5703 100% 4,962 5,703 7,186 7,642 

 
In addition to the habitat assessment conducted at the reference site, UT1 and UT2 of the project site were 
assessed in order to measure representative habitat gains over time post-construction. Based on these 
assessments, there is a large disparity of SWD volume between the reference reach and the design reaches 
(Chart 1). 
 

 
Chart 1. Average volume (cubic inches) of SWD per assessed reach. This chart represents existing 
conditions in all assessed reaches. 
 
Woody debris collected in streams provides habitat for macroinvertebrates, fish, and amphibians, and 
increases stream productivity by retaining carbon in the channel. While it would be difficult to replicate 
the volume and spatial distribution of SWD found in the reference channel, this quantitative habitat 
assessment provides guidance for improving habitat conditions through specifically placed and sized 
SWD structures, and provides a means for assessing functional gains over time. These structures are 
included in the design plans (Appendix D). 

 Fish Cover Methods and Results 4.2.7.2

Fish cover measurements were taken at each transect along the reference reach and Poplin Ridge Reaches 
1 and 2. Fish cover area was visually calculated within the ten-foot transect length. Fish cover types 
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include small woody debris and brush, aquatic macrophytes, overhanging vegetation, undercut banks, and 
boulders. For each transect, a percentage of total fish cover and individual cover type areas were 
calculated (Chart 2). Location and general habitat data was recorded for each fish cover measurement to 
assess spatial distribution. 
 

 
Chart 2. Average percent of fish cover per channel bed form type in the existing and reference reaches. 
 
The fish cover analysis revealed that the average area of fish cover is almost twice as high in Poplin 
Ridge Reach UT1-R2 and UT2-R4 as in the reference reach. This is because the UT2-R4 streambed is 
mostly covered by macrophytic vegetation along the majority of the assessed reach. Both Poplin Ridge 
Reaches UT1-R2 and UT2-R4 also had shrubby overhanging bank vegetation, whereas the reference 
reach ran through a mature forested buffer with few shrubs and overhanging bank vegetation. Fish cover 
from low growing brush will increase in the restoration reaches after the riparian planting occurs. Woody 
debris structures will also provide additional fish cover habitat and resting areas for fish swimming 
upstream. 

 Substrate Composition 4.2.7.3

Substrates were divided into eight classes as follows: coarse/fine particulate organic matter, 
silt/clay/muck, fine sand, coarse sand, gravel, cobble, boulder, and bedrock (Chart 3). Channel width and 
water depth were measured at each transect in four equally spaced intervals from bank to bank. Substrate 
coverage was visually determined between widths measured at each major change in substrate type. 
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Chart 3. Comparison of substrate composition between the reference reach and the restoration reaches.  
 
The substrate composition analysis revealed that the reference reach has similar substrate as the four 
assessed stream reaches. A slight difference is noticed in the amount of silt/mud and fine materials within 
the project reaches. These differences may be attributed to several factors, including the absence of a 
vegetated stream banks, a forested buffer and sediment input from adjacent agricultural fields. 
Macroinvertebrate abundance and diversity has been tied to the ability of a channel to retain carbon. 
Several design structures and vegetation plantings can be used to increase organic substrate composition. 
Constructed leaf packs will be installed in select locations for immediate macroinvertebrate colonization. 
SWD bundles will serve to collect organic matter flowing downstream increasing carbon retention. By 
adding sinuosity and creating a better floodplain connection, adding SWD in select locations, and creating 
pool habitats, restored substrate composition will more closely resemble reference reach conditions. 

4.3 Wetland Summary Information 

4.3.1 Existing Wetlands 
The National Wetland Inventory (NWI) mapping depicts four wetlands within the project site area 
(Figure 6). Three of these wetlands are small ponds classified as PUBHh (Palustrine Unconsolidated 
Bottom Permanently Flooded Diked/Impounded). These small ponds are adjacent to the stream channels. 
Only one is in the proposed buffer on UT2 and will be breached/filled, and only one is within the project 
limits on UT2. A third, at the head of UT1, is classified a PFO1 (Palustrine Forested Broad-Leaved 
Deciduous Temporarily Flooded). This NWI wetland was field verified and found not to be present or 
within the proposed project area.  
 
A wetland delineation was performed in February 2013. Wetland boundaries were delineated using 
current methodology outlined in the 1987 Army Corps of Engineers Wetland Delineation Manual (DOA 
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1987) and Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Eastern 
Mountains and Piedmont Region (Version 2.0) (U.S. Army Corps of Engineers 2012). Soils were 
characterized and classified using the Field Indicators of Hydric Soils in the United States, Version 7.0 
(USDA-NRCS 2010). Wetland boundaries were marked with sequentially numbered wetland survey tape 
(pink/black striped). Flag locations were located using a mapping grade GPS handheld unit under the 
direction of a Professional Licensed Surveyor (PLS).  
 
A jurisdictional determination of the wetlands has not been made by the US Army Corps of Engineers 
(USACE), but the USACE has visited the restoration site. Wetland forms are included in Appendix B. 
Onsite wetlands include riparian wetlands along both sides of UT-R1 and at the upstream limit of UT2-
R3 on the right bank. An inline pond on UT2 is present but does not meet jurisdictional requirements to 
be classified as a wetland.  
 
The existing wetland areas on-site are riparian. The wetlands are immediately adjacent to UT2 and have 
relatively high groundwater elevations. Based on vegetation, soil, and hydrology indicators, it appears 
that these areas are inundated or saturated for most of the growing season in a typical year. The wetlands 
are low topographic floodplain areas. They are impacted by some spoil material along the channel and 
runoff erosion from adjacent agriculture fields. Field indicators of wetland hydrology include water 
stained leaves, saturated soil within one foot of the surface, crayfish burrows, and hydrophytic vegetation. 
These wetlands are mapped on the somewhat poorly drained Chewacla soils. 
 
Wetland A is identified within the floodplain along the east and west sides of UT2-R1 located 
approximately 590 feet upstream of the existing pond dam. Wetland B is located just below the pond dam 
on the west side of UT2-R3. Potential impacts associated with restoration efforts occurring adjacent to the 
existing wetlands (Wetlands A and B) along UT2-R1 and UT2-R3 have been minimized by placing the 
proposed channel in a non-wetland area. Table 13 summarizes the sizes of each existing wetland and its 
location.  
 
The existing wetlands have been historically disturbed and lack the typical vegetation of bottomland 
hardwood wetlands. Creating a new channel that will provide an overall increase in wetland function with 
the addition of native trees and shrubs planted along the stream banks. Impacts to hydrology should be 
minimal. Wetland A contains mostly invasive species (e.g., Chinese privet).  Stream restoration and 
enhancement activities in these areas will also remove the invasive species.  
 
Table 13. Wetland Summary Information 

 

4.3.2 Wetland Impacts 
Wetland impacts will be minimized to the maximum extent practicable and are anticipated to be minor 
and almost entirely temporary.  Impacts within wetland A will be temporary and total 0.008 acre and 

Parameters
Size of Wetland (acres)
Wetland Type
Mapped Soil Series
Drainage Class
Soil Hydric Status
Source of Hydrology
Hydrologic Impairment
Native vegetation community
Percent composition of exotic 
invasive vegetation

20% Chinese Privet

Wetland B

Chewacla

Overbank Flows & Groundwater
Ditched

Clear-cutBottomland Hardwood Forest

Somewhat
Hydric with Hydric Inclusions

Overbank Flows & Groundwater
NA

Wetland A
0.52

Riparian

0%

0.01
Riparian

Chewacla
Somewhat

Hydric with Hydric Inclusions
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result from disturbance during grade control structure installation.  Impacts to wetland B will be 
permanent, total 0.007 acre, and result from channel relocation (Figure 6a). 
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Figure 6. Project Site NWI Wetlands Map 
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Figure 6a. Wetland Impacts 
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Figure 7. Project Site Land Use 
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Figure 8. Project Site Natural Communities  
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4.4 Regulatory Considerations and Potential Constraints 

4.4.1 Property Ownership, Boundary, and Utilities 
There are no conflicts with the anticipated easement acquisition; however, there are several constraints at 
the Poplin Ridge Site. An existing overhead power line easement is located adjacent to the left bank near 
the downstream end of UT1. This results in approximately 0.09 acre of riparian buffer that cannot be 
planted with trees. An herbaceous/shrub planting zone is proposed in this area to provide stability, and the 
right bank buffer has been increased to a width that varies between 75 and 100 feet to compensate for the 
area that cannot be planted. The future Monroe Bypass is located immediately west and south of the 
proposed project. The Site is located within five miles of two General Aviation airports. The project will 
decrease waterfowl habitat by removing an existing dam and draining the pond along UT2.  

4.4.2 FEMA/ Hydrologic Trespass 
There are no hydrologic constraints to the proposed Poplin Ridge project. Seven crossings will be 
improved and/or added, stabilized, and maintained for future use. These crossings will include 
appropriately sized culverts and will be fenced (where needed) to prevent livestock access to any part of 
the stream channel or riparian buffer. Five minor agricultural drainage swales will enter the proposed 
easement. Three of the swales, all non-jurisdictional, will be retrofitted with structures to provide diffuse 
flow into the riparian buffer. Both primary drainages (UT1 and UT2) are mapped FEMA 100-year 
floodplain (Figure 9). Restoration or enhancement on those channels will require a no-rise or a 
Conditional Letter of Map Revision (CLOMR) from FEMA. It is anticipated that a no-rise will meet the 
project requirements and the necessary report and documentation will be submitted to NCEM upon the 
final approval of the project from EEP and the IRT.  
 
Table 14. Regulatory Considerations 

 

Regulation
Waters of the United States - 
Section 404
Waters of the United States - 
Section 401
Endangered Species Act
Historic Preservation Act
Coastal Zone Management Act 
(CZMA)/Coastal Area 
Management Act (CAMA)
FEMA Floodplain Compliance
Essential Fisheries Habitat N/A

Section 4.4.3; Appendix B

No

Yes
Yes

Yes
Yes

N/A

Section 4.1.4; Appendix B
Section 4.1.3; Appendix B

No NA
No

NA

Applicable? Supporting Documentation

Yes

Appendix B

Appendix B

Yes

Yes

Yes

Yes

Resolved?
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Figure 9. Project Site FEMA Map 
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5. DETERMINATION OF CREDITS 

Mitigation credits presented in these Tables 15-18 are projections based upon site design. Upon 
completion of site construction, the project components and credits data will be revised to be consistent 
with the as-built condition. 
 
Table 15. Determination of Credits 

 
 

Table 16. Project Components 

 
1)  P1 = Priority 1 
2)  The calculations for existing and proposed lengths and SMUs do not include stream segments associated with existing 
    culverts or breaks in the proposed conservation easement associated with culvert or utility crossings. 
3)  Reach UT2-3 has a lower mitigation ratio of 1:1.5 due to previous impacts from the landowner. The proposed lower  
    ratio is based on coordination with USACE. 
4)  See Figures 11A and 11B for reach locations. 
 
Table 17. Component Summation 

Buffer
Nitrogen Nutrient 

Offset
Phosphorous 

Nutrient Offset
Type R RE R RE R RE
Totals 6,107 238 N/A N/A N/A N/A N/A N/A N/A

Mitigation Credits

Poplin Ridge Site, Union County
EEP Project # 95359

Stream
Riparian 
Wetland

Non-riparian 
Wetland

Project 
Component 
or Reach ID

Existing 
Footage or 

Acreage

Approach 
(PI, PII, etc.)

Restoration (R) 
or Restoration 

Equivalent (RE)

Restoration 
Footage or 

Acreage

Mitigation 
Ratio

SMUs

UT1-1 1+20 to 6+92 572 Preservation RE 572 1 : 5.0 114
UT1-1 6+92 to 12+58 566 Enhancement I R 566 1 : 1.5 377
UT1-2 12+58 to 24+89 1,284 P1 Restoration R 1,171 1 : 1.0 1,171
UT1-3 24+89 to 34+50 833 P1 Restoration R 901 1 : 1.0 901
UT1-4 34+50 to 46+60 1,252 Enhancement I R 1,210 1 : 1.5 807
UT1-A 0+65 to 2+82 197 Enhancement I R 217 1 : 1.5 145
UT1-B 0+09 to 6+29 620 Preservation RE 620 1 : 5.0 124
UT1-B 6+29 to 11+46 512 Enhancement I R 455 1 : 1.5 303
UT1-C 1+21 to 9+78 883 Enhancement I R 857 1 : 1.5 571
UT2-1 0+00 to 4+90 490 Enhancement II R 490 1 : 2.5 196
UT2-2 4+90 to 13+97 875 P1 Restoration R 847 1 : 1.0 847
UT2-3 13+97 to 19+18 495 P1 Restoration R 521 1 : 1.5 347
UT2-4 19+18 to 22+07 270 P1 Restoration R 257 1 : 1.0 257
UT2-A 0+65 to 5+28 365 Enhancement II R 463 1 : 2.5 185

Stationing/
Location

Riverine Non-Riverine
Restoration  3,697
Enhancement
Enhancement I 3,305
Enhancement II 953
Creation
Preservation 1,192
High Quality 
Preservation

Riparian WetlandRestoration 
Level

Stream 
(linear feet)

Non-Riparian Wetland 
(acres)

Buffer 
(square feet)

Upland 
(acres)
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6. 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 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 Interagency Review Team (IRT), 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 as follows: 
 
Table 18. Stream Credits 

Monitoring 
Year Credit Release Activity Interim 

Release 
Total 

Released 
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% 
(65%*) 

3 Third year monitoring report demonstrates performance 
standards are being met. 

10% 60% 
(75%*) 

4 Fourth year monitoring report demonstrates performance 
standards are being met. 

15% 70% 
(85%*) 

5 
Fifth year monitoring report demonstrates performance 
standards are being met and project has received close-out 
approval. 

15% 85% 
(100%*) 

*a reserve of 15% of the total stream credits shall be released after two bank-full events have occurred, in separate years, 
provided the channel is stable and all other performance standards are met. 

6.1 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 
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. 

6.2 Subsequent Credit Releases 
All subsequent credit releases must be approved by the DE, in consultation with the IRT, based on a 
determination that required performance standards have been achieved. For stream projects a reserve of 
15% of a site’s total stream credits shall be released after two bank-full events have occurred, in separate 
years, provided the channel is stable and all other performance standards are met. In the event that less 
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than two bank-full events occur during the monitoring period, release of these reserve credits shall be at 
the discretion of the IRT. 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. MITIGATION WORK PLAN 

7.1 Reference Stream Studies 

7.1.1 Target Reference Conditions 
The restoration site is characterized by agricultural practices. Several ditches exist in the watershed and 
contribute to the project site. Physical parameters of the site were used, as well as other reference 
materials, to determine the target stream type. An iterative process was used to develop the final 
information for the site design. 
 
To develop the target reference conditions, physical site parameters were reviewed. This included the 
drainage area, land use, soils mapping units from the Union County Soil Survey for the watershed and 
site, typical woody debris and habitat available for the area, as well as general topography. The 
“Classification of the Natural Communities of North Carolina” was also used to narrow the potential 
community types that would have existed at the site (Shafale and Weakley, 2003). 
 
Targeted reference conditions included the following: 
 

 Located within the Physiographic Region – Piedmont Region, 
 Similar drainage area, 
 Similar land use onsite and in the watershed, 
 Similar watershed soil types, 
 Similar site soil types, 
 Ideal, undisturbed habitat – several types of woody debris present, 
 Similar topography, 
 Similar slope, 
 Pattern common among Piedmont streams, and 
 Minimal presence of invasive species. 
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Figure 10. Reference Reach Site Map 
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7.1.2 Reference Site Search Methodology 
All the parameters in Section 7.1.1 were used to find appropriate reference stream sites. Obtaining 
property owner information and owner authorization for access was another factor in locating suitable 
reference sites for the project. For this project, there was no predetermined amount of reference sites 
needed as long as the site was suitable and met nearly all the parameters. Six potential reference sites 
were visited, and their characteristics were noted. It is difficult to a find reference site because many have 
been disturbed by farming or residential development.  Streams tend to be modified ditches and may have 
some of the characteristics that are sought in a reference, but too few to make it an ideal reference for the 
project site. One reference stream site that proves to be ideal in both geomorphology and habitat is located 
approximately eight miles northeast of the restoration site in a wooded corridor. 
 
A GIS-based search was initially conducted for the identification of reference stream sites in the 
watershed. The GIS process was based on a search through quadrangle maps, aerial photography, and 
topography. Drainage areas for each reference site were delineated. Soils and land use were considered 
for each site, as well as accessibility and location in comparison to the restoration reach. Once sites were 
identified, all six sites were visited and assessed. Many of the identified reaches were affected by farming 
practices, dense invasive species, and disturbed or altered floodplains. This was the case for most of the 
sites visited; and therefore, these sites were not considered. One site was identified for use as a reference 
reach. 

7.1.3 Reference Watershed Characterization 
The reference stream flows north and drains into Grassy Creek (Figure 10). The reach that was surveyed 
and analyzed is approximately 320 feet long. The drainage area for the unnamed tributary to Grassy 
Creek (UT) is 0.67 square miles (427 acres). The land use in the watershed is characterized by mostly 
cultivation (57 percent), managed herbaceous cover (15 percent), mixed upland hardwoods (26 percent), 
unmanaged herbaceous upland (1 percent), and southern yellow pine (1 percent). Site photographs of the 
reference stream are located in Section 2.5. 
 
The current State classification for the UT to Grassy Creek and Grassy Creek is Class C (NCDWQ, 
2005). Class C waters are suitable for aquatic life, secondary recreation, and agricultural usage. Using 
Rosgen stream classification, the stream is classified as an E4 stream type. 

7.1.4 Reference Soils Characterization 
The soils found in and around the reference reach are mapped as Badin and Tatum, both of which are 
non-hydric soils. Badin soils typically are moderately deep and well drained. Badin soils are commonly 
found along ridges and side slopes of uplands ranging from 2 to 45 percent. Badin and Tatum soils are 
clayey, mixed, thermic Typic Hapludults, and are formed in material weathered from Carolina Slates. 
Tatum soils have similar characteristics and are commonly associated with Badin soils. The soils 
immediately adjacent to the reference reach have similar characteristics and properties to the soils found 
at the Poplin Ridge Restoration Site. 

7.1.5 Reference Discharge  
Several hydrologic models/methods were used to develop a bankfull discharge for the reference site. 
Existing drainage area, land use, slope, roughness, and cross-sectional area were all factors considered 
when performing the calculations. Using a combination of Piedmont Regional Curves, in-house 
spreadsheet tools, and a project specific regional flood frequency analysis; the existing discharge was 
calculated to be approximately 50 cubic feet per second (ft3/s). See Section 7.3.1.1 for a more detailed 
description of the hydrologic analyses performed for this project. 

7.1.6 Reference Channel Morphology  
In comparison to the restoration reaches, the reference reach is larger than UT1 when comparing pattern, 
dimension and profile and smaller than UT2, which is the reason for using a scaling factor for the design. 
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The scaling factor is based on a smaller or larger bankfull area of the reference channel. Since the 
reference stream is smaller than UT2, it was necessary to scale up the analog reach in order to use it for 
design.  Likewise, since the reference stream is larger than UT1, it was necessary to scale down the 
analog reach. The new reach would then have the necessary dimensions of an appropriate stream similar 
in size to the existing channel that would correspond to the larger drainage area. The reference reach is 
typically thirteen to eighteen feet wide and one to three feet deep. The cross sectional area is typically 
around 19.1 square feet with a width to depth ratio close to 10.5.  

7.1.7 Reference Channel Stability Assessment 
The reference reach is stable and shows no evidence of incision or erosion in the portion that was 
surveyed and analyzed. The stream appears to maintain its slope and has sufficient amounts of vegetation 
to secure its banks. Riparian buffer widths exceed fifty feet on each side. The CSA results (scores and 
ratings) for the reference reach are provided above in Table 8 and Table 9 (Section 4.2.4). The reference 
reach received a “Good” rating as the channel demonstrates a stable meandering pattern and a well-
vegetated riparian buffer.   

7.1.8 Reference Bankfull Verification 
Typical indicators of bankfull include vegetation at the bankfull elevation, benches/inner berm, and point 
bars. Throughout the entire length of the reference reach, bankfull is located at the top of bank elevation 
and/or the back of existing point bars. The accuracy of this bankfull stage is verified by comparing the 
discharges from the Piedmont Plain Regional Curves and flood frequency analysis results to the 
discharges generated using Manning’s equation based on measured hydraulic geometry and slopes. 
Evidence that further supports the location of bankfull is the lack of any benches or berm features within 
the channel, and wrack lines present within the floodplain. 

7.1.9 Reference Riparian Vegetation 
The reference reach riparian community is characteristic of a Mesic Mixed Hardwood Forest-Piedmont 
Subtype. This community is approximately 20 to 25 years old, as evidenced by the representative 
diameter at breast height (DBH) measurements and historical aerial photography. Table 19 lists the 
coverage estimates and species encountered. The right bank is denoted as RB and the left bank is denoted 
as LB. 
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Table 19. Tree Communities at the Reference Reach for Poplin Ridge Site 

 
 
It is anticipated that a local seed source for these high dispersal species is present and will disperse across 
much of the mitigation site. These species are often found in early successional communities and quickly 
fill disturbance gaps. Because many of these high dispersal species often become aggressive in these sites, 
they are not included in the Restoration Planting List (Section 7.2.2). Hardwood species typical of the 
target community were observed in adjacent and nearby communities, and were judged to be more 
appropriate for this site. 

7.1.10 Stream Habitat Assessment – Woody Debris 
The habitat assessment for the reference stream channel is included in the habitat assessment discussion 
for Poplin Ridge Site (Section 4.2.7).  

7.2 Design Parameters 

7.2.1 Stream Restoration Approach 
Stream restoration efforts along the unnamed tributaries to East Fork Stewarts Creek were accomplished 
through analyses of geomorphic conditions and watershed characteristics.  The design approach applies a 
combination of analytical and reference reach based design methods that meet objectives commensurate 

Transect Location  Coverage
Percent 

Evergreen
Percent 

Deciduous
Representative 

DBH (in.) Species

Quercus rubra, Quercus falcata, Liquidambar styraciflua

Quercus rubra, Quercus falcata, Carya ovata

Quercus rubra, Quercus falcata, Quercus alba, Liquidambar styraciflua

Quercus rubra, Quercus falcata, Quercus alba, Carya ovata, 
Quercus nigra

Quercus rubra, Quercus falcata, Quercus alba, Liquidambar styraciflua

Quercus rubra, Quercus falcata, Quercus alba, Carya ovata,
Quercus nigra

Quercus rubra, Quercus falcata, Quercus alba, Liquidambar styraciflua

Quercus rubra, Quercus falcata, Quercus alba, Carya ovata,
Quercus nigra

Quercus rubra, Quercus falcata, Quercus alba, Liquidambar styraciflua

Quercus rubra, Quercus falcata, Quercus alba, Carya ovata

Quercus rubra, Quercus falcata, Quercus alba, Carya ovata,
Liquidambar styraciflua
Quercus rubra, Quercus falcata, Quercus alba, Liquidambar styraciflua,
Juniperus virginiana, Magnolia grandiflora

Quercus rubra, Quercus falcata, Quercus alba, Liquidambar styraciflua,
Ilex opaca
Quercus rubra, Quercus falcata, Pinus palustris, Quercus alba, 
Juniperus virginiana

Liriodendron tulipifera , Liquidambar styraciflua, Quercus rubra, 
Quercus falcata
Quercus rubra, Quercus falcata, Liquidambar styraciflua,
Pinus palustris, Juniperus virginiana

Quercus rubra, Quercus falcata, Quercus alba, Liquidambar styraciflua

Pinus palustris, Quercus rubra, Quercus falcata, Quercus alba

Quercus rubra, Quercus falcata, Ilex opaca, Quercus alba

Pinus palustris, Quercus rubra, Quercus falcata, Quercus alba
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with both ecological and geomorphic improvements.  Proposed treatment activities may range from minor 
bank grading and planting to re-establishing stable planform and hydraulic geometry.  For reaches 
requiring full restoration, natural design concepts have been applied and verified through rigorous 
engineering analyses and modeling.  The objective of this approach is to design a geomorphically stable 
channel that provides habitat improvements and ties into the existing landscape. 
 
The Poplin Ridge Site will include Priority Level I stream restoration, stream Enhancement Levels I and 
II, and Stream Preservation and Buffer Enhancement.  Priority Level I stream restoration will incorporate 
the design of a single-thread meandering channel, with parameters based on data taken from the reference 
site described in Section 7.1 above, published empirical relationships, NC Rural Piedmont Regional 
Curves, and hydrologic and hydraulic analyses. Approximately 4,444 linear feet of stream channel will be 
reconstructed.  Enhancement Level I will be applied to 3,305 linear feet of channel that requires 
stabilization and bank improvements, and buffer restoration. Enhancement Level II will be applied to an 
additional 953 linear feet of channel that requires buffer enhancement and/or minimal bank and habitat 
improvements. Additionally, Stream Preservation and Buffer Enhancement is proposed on 1,192 feet of 
channel. Conceptual plan views are provided in Figures 11a and 11b. 
 
Current stream conditions along the proposed restoration reaches demonstrate significant habitat 
degradation as a result of impacts from livestock and channelization performed to promote agricultural 
activities. Additionally, the riparian buffer is in poor condition throughout most of the project area. Much 
of the riparian buffer is devoid of trees or shrubs and active pasture and/or crops are present up to the 
edge of the existing channel. 
 
The Poplin Ridge Site design approach began with a thorough study of existing conditions, including the 
onsite streams and ditches, valleys, and watershed. Design parameters, including active channel, habitat 
and floodplain features were developed from analyses performed at the reference site. Analytical design 
techniques were used to determine the design discharge and to verify the design as a whole. 
 
Engineering analyses were performed using various hydrologic and hydraulic models to verify the 
reference reach based design. A combination of methods (including Hydraflow Hydrographs, regional 
curves and flood frequency analysis) were used to calculate flows received by the channel for bankfull 
and other significant storm events.  HEC-RAS was then used to simulate water surface elevations of 
flows generated by the hydrologic analysis. The development of the HEC models is an important 
component to the design; therefore, model input parameters are field verified when possible. Through this 
hydrologic analysis, the design discharge (typically referenced as bankfull or dominant discharge) was 
determined, and the subsequent design was based on this calculated discharge. Design parameters 
developed through the analyses of reference reach data and hydrologic and hydraulic modeling were 
confirmed using the Stable Channel Design function components within HEC-RAS and through 
spreadsheet tools.  
 
Engineering analyses were performed concurrently to geomorphic and habitat studies. While the stream 
design was verified by simulations of hydrology and fluvial processes, analogs of desirable habitat 
features were derived from reference sites and integrated into the project design. Both riparian habitat 
features and in-stream structures such as riffle grade controls, cross weirs, log toes, and step pools were 
used throughout the project to act as grade control and for bank stabilization by dissipating and 
redirecting the stream’s energy. Bank stability will also be enhanced through the installation of cuttings 
bundles and live stakes that include native species (e.g. black willow (Salix nigra) and silky dogwood 
(Cornus amomum)).  
 
In-stream habitat is highly dependent on available cover and organic material. A quantitative habitat 
assessment method was used to measure type, location, and quantity of habitat in the reference streams. 
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During design, the habitat assessment results were scaled appropriately to the design parameters such that 
the quantity and placement of the habitat features along the restored channel mimics reference conditions. 
This process provides a natural channel design that addresses aquatic function improvements in addition 
to stability. 
 
Sections of abandoned stream channel will be backfilled to the elevation of the floodplain in areas 
adjacent to the new channel with material excavated onsite and by installing channel plugs where 
necessary. The floodplain will be planted with native species creating a vegetated buffer, which will 
provide numerous water quality and ecological benefits. Stream banks will be stabilized using a 
combination of grading, erosion control matting, bare-root plantings, native material revetment techniques 
(i.e. bioengineering), structure placement, and sod transplants where possible. The stream and adjacent 
riparian areas will be protected by a minimum 50-foot permanent conservation easement, which will be 
fenced as needed to exclude livestock. However, an approximately 100-foot section along the east side of 
Reach UT1-R4 is proposed where the minimum 50-foot conservation easement cannot be met due to a 
Union Power Cooperative 100-foot right-of-way. At this location, the conservation easement will be 
extended to a width that varies between 75 and 100 feet along the west side of the channel to offset the 
loss of easement on the opposite side. Additionally, areas within the power easement that fall within the 
50-foot buffer will be planted with herbaceous/shrub vegetation.  No loss in stream credit is expected at 
this location since the buffer width will be increased along the west side to offset the encroachment of the 
powerline easement as was discussed with the IRT on July 11, 2012. 
 
When all of these components are combined, a functional and stable channel with diverse habitat will be 
restored. According to Stream Mitigation Guidelines (2003) published by the US Army Corps of 
Engineers, the US Environmental Protection Agency, The North Carolina Wildlife Resources 
Commission, and the NCDWQ, the proposed restoration design will meet the guidelines of stream 
restoration and will be subject to a mitigation ratio of 1:1. Note: UT2-R3 has a proposed mitigation ratio 
of 1.5:1 per communication with USACE. The lower mitigation ratio accounts for minor unpermitted 
impacts to the channel by the landowner. 
 
Throughout the project area, there will be several breaks within the conservation easement where stream 
credits will not be generated to account either for 60-foot farm crossings or for existing Union Power 
overhead utility crossings. Along UT1, one existing crossing will be moved outside of the project, one 
new culvert crossing will be installed, and three culvert crossings will be removed and replaced, two of 
which will remain outside of the project. Along UT2, the two existing culvert crossings will be removed 
and replaced at their current location, and there will be two 30-foot easement breaks associated with 
Union Power easements. These two easement breaks will be planted with herbaceous/shrub vegetation 
within the 50-foot buffer. 
 
Poplin Ridge has been broken into the following design reaches: 
 

 UT1-R1 (STA 1+20 to 12+58) – Upper-most portion of UT1 totaling 572 linear feet of Stream 
Preservation and Buffer Enhancement and 566 linear feet of Enhancement Level I. The upper 
portion of this reach is stable and has a mature hardwood buffer. The lower portion is only 
partially forested and flows through cultivated fields. This lower portion is experiencing active 
erosion and has a disturbed buffer. Stabilization/enhancement activities will include performing 
minor bank grading, installing grade control and habitat structures, and planting the buffer.  
 

 UT1-R2 (STA 12+58 to 24+89) – Upper of the two middle reaches along UT1 totaling 1,171 
linear feet of Priority I Restoration. This reach flows through cultivated fields and has highly 
unstable banks and a highly disturbed buffer. Restoration will involve constructing a meandering 
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channel, installing habitat and grade control structures, filling and plugging the abandoned 
channel, and re-vegetating the buffer with native plants.  

 
 UT1-R3 (STA 24+89 to 34+50) – Lower of the two middle reaches along UT1 totaling 901 

linear feet of Priority I Restoration. This reach flows through cultivated fields and has highly 
unstable banks and a highly disturbed buffer. Restoration will involve constructing a meandering 
channel, installing habitat and grade control structures, filling and plugging the abandoned 
channel, and the buffer planted with native vegetation. A 60-foot culvert crossing is proposed at 
STA 25+41. 
 

 UT1-R4 (STA 34+50 to 46+60) – Downstream-most portion of UT1 totaling 1,210 linear feet of 
Enhancement Level I. This reach flows through cultivated fields, has moderately unstable banks 
and a highly disturbed buffer. Enhancement activities will include laying back banks, enhancing 
existing benches, installing grade control and habitat structures, and replanting the buffer. The 
existing culvert crossing just downstream of the project at STA 47+30 will be removed and 
replaced with upgraded culverts. 
 

 UT1-A (STA 0+65 to 2+82) – Upper-most tributary to UT1 totaling 217 linear feet of 
Enhancement Level I. This reach originates just downstream of a forested area, flows through 
cultivated fields, and exhibits minor bank erosion. Enhancement activities will include reshaping 
the channel, removing an existing culvert, and installing habitat structures. A ford crossing will 
be installed just upstream of the project near STA 0+37 to allow the landowner continued access 
across the property. 

 
 UT1-B (STA 0+09 to 11+46) – Tributary of UT1 that flows north to south totaling 620 linear 

feet of Stream Preservation and Buffer Enhancement and 455 linear feet of Enhancement Level I. 
This upper portion of this reach is stable and has an intact riparian buffer throughout. Below STA 
6+29, the channel flows through a cultivated field, has no buffer, and exhibits channel incision 
along the downstream section. Enhancement activities will include reshaping the channel, 
removing an existing culvert, re-vegetating the buffer and installing habitat and grade control 
structures. 
 

 UT1-C (STA 1+21 to 9+78) – Southern-most tributary to UT1 totaling 857 linear feet of 
Enhancement Level I. This reach flows west to east through cultivated fields and lacks a riparian 
buffer. Stabilization/enhancement activities will include bank grading and channel reshaping, 
installing grade control and habitat structures, and planting the buffer. The existing culvert near 
STA 1+22 will be removed and replaced just upstream of the proposed easement at STA 0+87. 
 

 UT2-R1 (STA 0+00 to 4+90) – Upper-most portion of UT2 totaling 490 linear feet of 
Enhancement Level II. This reach flows between an active pasture and a cultivated field. The 
stream buffer, which lacks mature hardwoods, has been disturbed by agricultural practices and 
cattle access. Enhancement activities will include reshaping the channel, invasive species 
treatment, riparian plantings, and installing grade control structures at the downstream end of the 
reach. 
 

 UT2-R2 (STA 4+90 to 13+97) – Upper of the two middle reaches along UT2 totaling 847 linear 
feet of Priority I Restoration. This reach is currently a 1.3 acre farm pond with a drainage area of 
723 acres and is surrounded by cultivated fields. Restoration will involve draining the pond and 
removing and replacing the existing perched culverts at a lower elevation to maintain normal flow 
through the proposed culverts. It is anticipated that a baseflow channel will form on its own once 
the pond has been drained.  Once the pond bed has dried sufficiently to support construction 
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equipment, the newly formed channel will be enhanced and stabilized.  Habitat and grade control 
structures will be installed, and the buffer will be planted with native vegetation. 
 

 UT2-R3 (STA 13+97 to 19+18) – Lower of the two middle reaches along UT2 totaling 521 
linear feet of Priority I Restoration. This reach is a perennial channel that lies between an active 
pasture and a cultivated field. This stream reach is generally straight and has little to no stream 
buffer within the project area. The upper portion of this reach is experiencing active erosion of 
the bed and banks. The lower portion of the reach has a stable bed with moderate bank erosion. 
Restoration will involve constructing a meandering channel, installing habitat and grade control 
structures, filling and plugging the abandoned channel, and the buffer planted with native 
vegetation. 
 

 UT2-R4 (STA 19+18 to 22+07) – Downstream-most portion of UT2 totaling 257 linear feet of 
Priority I Restoration. This reach is a perennial channel that flows through active pasture and 
cultivated fields. This reach is generally straight and has a highly disturbed buffer with invasive 
species present. Restoration will involve constructing a meandering channel, installing habitat 
and grade control structures, filling and plugging the abandoned channel, and the buffer planted 
with native vegetation. 
 

 UT2-A (STA 0+65 to 5+28) – The only tributary to UT2 totaling 463 linear feet of Enhancement 
Level II. UT2-A is an intermittent channel that flows into a farm pond (UT2-Reach 2). This reach 
flows through an active cattle pasture, and lacks a vegetated buffer. Stabilization/enhancement 
activities will include minor bank grading, installing grade control and habitat structures, and 
replanting the buffer. 
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Figure 11a. Project Site Conceptual Plan Design 
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Figure 11b. Project Site Conceptual Plan Design 

 
 

 Design Discharge 7.2.1.1

Based upon the hydrologic analysis described in Section 7.3.1.1 below, design discharges were selected 
that fell within ranges resulting from the 1 and 1.5-year flood frequency analysis and the 1-year 
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Hydraflow Hydrographs modeling for each reach. The selected flows are 36 ft3/s, 52 ft3/s, 65 ft3/s, and 74 
ft3/s for Reaches UT1-R2, UT1-R3, UT2-R2/R3, and UT2-R4 respectively. These discharges will provide 
frequent inundation of the adjacent floodplain. 
 
These discharges were selected based on the following rationale: 

 The calculated bankfull discharge for the analog/reference reach closely matches the results of the 
1.1-year flood frequency analysis, 

 The results of the 1.5-year flood frequency analysis matched well with the NC regional curve, 
 Approximate bankfull discharges for existing conditions for UT1fall between the 1.1 and 1.5-year 

flood frequency analysis results,  
 Approximate bankfull discharges for existing conditions for UT2 fall near the 1-year Hydraflow 

Hydrographs analysis results,  
 Selecting design discharges between the 1 and 1.5-year storm events allows frequent inundation 

of the floodplain, while also preventing adjacent active agriculture land from flooding at a high 
frequency.  

 Design Methods  7.2.1.2

There are three primary methods that have demonstrated success in stream restoration; analog, empirical, 
and analytical. All three methods have advantages and limitations, and it is often best to utilize more than 
one method to address site-specific conditions or to verify the applicability of design elements. This is 
particularly true in developed watersheds where existing conditions do not always reflect current inputs 
and events, and sediment and hydrologic inputs may remain unstable for some time. Combinations of 
analytical and analog methods were used to develop the stream designs for Poplin Ridge.   
 
Analytical Approach 
Analytical design is based on principles and processes considered universal to all streams, and can entail 
many traditional engineering techniques. The analytical approach utilizes continuity, roughness equations, 
hydrologic and hydraulic models, and sediment transport functions to derive equilibrium conditions. 
Since the project is located within a rural watershed, restoration designs are based on hydrologic and 
hydraulic analyses, including rainfall-runoff models to determine design discharges coupled with 
reference reach techniques. 
 
Analog Approach 
The analog method of natural channel design involves the use of a “template” or reference stream located 
near the design reach, and is particularly useful when watershed and boundary conditions are similar 
between the design and analog reaches (Skidmore et al., 2001). In an analog approach, the planform 
pattern, cross-sectional shape, longitudinal profile, and frequency and locations of woody debris along the 
analog reaches are mimicked when developing the design parameters for the subject stream. A scaling 
factor was calculated from the survey data in order to correctly size the planform design parameters for 
the project site. The scaling factors for each design reach were derived from the design cross-sectional 
area and topwidth of each reach as follows: 
 

1. The appropriate bankfull cross-sectional area (ABKF) of each design reach was calculated using an 
in-house spreadsheet based on Manning’s equation. The input parameters included the design 
discharge as determined by the hydrologic analysis described above, and proposed slope based on 
site conditions and the sinuosity measured for the analog reach.  

 
2. The cross-sectional shape was adjusted within the spreadsheet to replicate the width-depth ratios 

and side slopes surveyed along the analog reach, while also maintaining the ABKF necessary to 
convey the design discharge.  
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3. The scaling factor is determined from the ratio of the design topwidth to the analog topwidth 
(Table 20). For this project, several cross-sections were obtained at the analog site, resulting in an 
average width of 13.6 feet.  
 

4. Pool cross-sectional areas were calculated using both typical reference reach techniques and the 
analog approach. Design ABKF areas were determined using the measured analog ratios of riffle 
ABKF to pool ABKF as applied to the design ABKFs. The pool cross-sectional shape was adjusted 
within the in-house spreadsheet as described above in step 2.  

 
Table 20. Scaling Factors for Sizing Planform Design Parameters 

Reach Drainage 
Area (ac) 

Proposed Bankfull 
ABKF (ft2) 

Design 
Topwidth (ft) 

Analog Reach 
Topwidth (ft) 

Scaling 
Factor 

UT1-Reach 2 248 14.5 11.8 13.6 0.87 
UT1-Reach 3 384 20.3 13.6 13.6 1.00 

UT2-Reach 2/3 792 31.5 17.2 13.6 1.26 
UT2-Reach 4 861 34.8 18.2 13.6 1.34 

 Typical Design Sections 7.2.1.3

Typical cross sections for shallows and pools are shown on the design plan sheets in Appendix D. The 
cross-section dimensions were developed for the three design reaches by using a WK Dickson in-house 
spreadsheet described in Section 7.2.1.2 of this report. The cross-sections were altered slightly to 
facilitate constructability; however, the cross-sectional area, width to depth ratio, and side slopes were 
preserved. Typical pool sections include pools located on straight reaches and pools on meander bends. 

 Typical Meander Pattern 7.2.1.4

The design plans showing the proposed channel alignment are provided in Appendix D. The meander 
pattern was derived directly from the analog reach and sized using the scaling factors described in Table 
20. The analog meander pattern was altered in some locations to provide variability in pattern, to avoid 
onsite constraints, to follow the valley pattern, and to make the channel more constructible. The 
morphologic parameters summarized in Appendix C were applied wherever these deviations occurred. 

 Longitudinal Profiles 7.2.1.5

The design profiles are presented in Appendix C. These profiles extend throughout the entire project for 
the proposed channel alignment. The profiles were designed using the analog reach bed features that were 
sized with the scaling factors. The bed slopes and bankfull energy gradients were determined for each 
design reach based on the existing valley slope and the sinuosity of the design reach. Log structures will 
be utilized in the design to control grade, divert flows, and provide additional habitat diversity and 
stability. 

 In-Stream Structures 7.2.1.6

Structures will be incorporated into the channel design to provide additional stability and improve aquatic 
habitat. Native materials and vegetation will be used for revetments and grade control structures where 
applicable. Additionally, woody debris will be placed throughout the channel at locations and at a 
frequency that is similar to those mapped in the analog reaches. The analog reach has woody debris 
throughout the length of the channel, providing grade control for shallows and forcing scour pools. 
Woody habitat features installed will include leaf packs, dead brush, woody debris bundles, root wads, 
and wattles. Sod mats harvested onsite will be installed along stream banks during construction if and 
when feasible. Sod mats will only be harvested and used if comprised of appropriate vegetation. The use 
of sod mats that include aggressive turf grasses will be avoided. Sod mats are natural sections of 
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vegetation taken from the banks when they were cut during construction, and generally range between 
0.75 to 1.0 feet in thickness. Before installation, proposed banks are graded lower than specified to 
accommodate the thickness of the mat. The mats are placed on top of the bank to act as a natural stabilizer 
of native species, and they grow much faster than the combination of coir fiber matting and seeding (see 
detail Appendix D). Other bank stability measures include the installation of cuttings bundles at three to 
five foot intervals along the tops of banks, live staking, and log toes. Typical details for proposed in-
stream structures and revetments are in Appendix D. 

7.2.2 Natural Plant Community Restoration 

 Plant Community Restoration 7.2.2.1

The restoration of the plant communities is an important aspect of the site’s restoration. The selection of 
plants is based on what was observed at the reference reach and the forest surrounding the restoration site 
and what is typically native to the area. Several sources of information were used to determine the most 
appropriate species for the restoration project along with existing and proposed topography. The reference 
stream is located within a narrow Piedmont Bottomland Forest that is surrounded by Mesic Mixed 
Hardwood Forest. Dominant species along the reference reach include northern red oak (Quercus rubra), 
southern red oak (Quercus falcata), white oak (Quercus alba), shagbark hickory (Carya ovata) and 
sweetgum (Liquidambar styraciflua) in the canopy. Shrubs include American holly (Ilex opaca) and 
eastern red cedar (Juniperus virginiana). Canopy closure limited herbaceous vegetation along the 
reference reach. The forests near the mitigation site also support many species typical of this community 
type. 
 
A narrow Piedmont Bottomland Forest is located along the reference reach’s banks and grades upward 
into well-drained Mesic Mixed Hardwood Forest. The restoration site exhibits a typical narrow floodplain 
between the steeper slopes found in this area of the Piedmont. Based on observations of the reference 
community, the communities surrounding the mitigation site, and the narrow floodplain, a single 
community is appropriate. Therefore, Mesic Mixed Hardwood Forest will be the target community type 
and will be used for all areas within the project, as well as for buffer around the site. A plant species list 
has been developed and can be found in Table 21. Species with high dispersal rates are not included 
because of local occurrence and the high potential for natural regeneration. The high dispersal species 
include red maple, tulip poplar, and sweetgum.  
 
The restoration of plant communities along Poplin Ridge will provide stabilization and diversity. For 
rapid stabilization, silky dogwood, silky willow, and black willow were chosen for live stakes along the 
restored channel because of their rapid growth patterns and high success rates. Willows will also be 
quicker to contribute organic matter to the channel. Willows typically grow at a faster rate than species 
planted around them and stabilize the stream banks. When the other species are larger, the black willow 
and silky willows will slowly stop growing or die out because the other species would outgrow them and 
create shade that the willows do not tolerate. The live stake species will be planted along the outside of 
the meander bends three feet from the top of bank, creating a section along the top of bank to provide 
stabilization. The willows will be spaced every three feet with alternate spacing. See Appendix D for a 
detailed planting plan. 
 
  



 

Poplin Ridge Final Mitigation Plan 56 July 2014 

Table 21. Proposed Plant List 
Bare Root Planting Tree Species 

Common Name Scientific Name Wetland Indicator Percent 
Composition* 

River birch Betula nigra FACW 5% 
Common hackberry Celtis occidentalis FACU 10% 

Green ash Fraxinus pennsylvanica FACW 10% 
American sycamore Platanus occidentalis FACW 10% 

Southern red oak Quercus falcata FACU 20% 
Water oak Quercus nigra FAC 15% 

Northern red oak Quercus rubra FACU 15% 
Slippery Elm Ulmus rubra FAC 15% 

*Planting density = approximately 680 stems per acre  
  

Live Staking and Live Cuttings Bundle Tree Species 

Common Name Scientific Name Wetland Indicator Percent Composition 

Silky dogwood Cornus amomum FACW+ 45% 
Silky willow Salix sericea OBL 45% 
Black willow Salix nigra OBL 10% 

 On-Site Invasive Species Management 7.2.2.2

Some invasive species have been noted on the site. They include Chinese privet (Ligustrum sinense) and 
Japanese honeysuckle (Lonicera sempervirens). These invasive species are common but not limited to 
any confined location. The movement of topsoil will also activate “weed seeds,” but most will be 
inhibited by raising the water table on the site. It will be important during monitoring site visits to check 
for significant encroachment of invasive species and to develop a plan of action to control any such 
problem.  
 
Control for invasive species will be required within all grading limits associated with stream restoration 
and stream Enhancement Levels I and II. Three areas outside the grading limits are designated for 
invasive species control and consist of spot treatment or full invasive control based upon density of aerial 
coverage: low (less than 10 percent aerial coverage; medium (10 to 50 percent aerial coverage; and, high 
(greater than 50 percent aerial coverage). Full invasive control will be required within all areas designated 
as high density. (Where invasive coverage is greater than 50 percent, mechanical removal of top growth 
and spraying of herbicide may be used.) Spot treatment will be required within all areas designated as 
moderate density. (Where stems and coverage are greater than 10 percent, but less than 50 percent, 
individuals shall be cut and stumps sprayed with appropriate herbicide.) Areas of low coverage will be 
evaluated on a case by case basis and may be reclassified for spot treatment.  
 
Invasive species will require different and multiple treatment methods, depending on plant phenology and 
the location of the species being treated. All treatment will be conducted so as to minimize its 
effectiveness and reduce chances of detriment to surrounding native vegetation. Treatment methods will 
include mechanical control (cutting with loppers, clippers, or chain saw and chemical control (foliar 
spray, cut stump, and hack and quirt techniques). Plants containing mature, viable seeds will be removed 
from the site and properly disposed of. All herbicide applicators will be supervised by a certified ground 
pesticide applicator with a North Carolina Department of Agriculture and Consumer Services 
(NCDA&CS) license and adhere to all legal and safety requirements according to herbicide labels and NC 
and Federal laws. Management records will be kept on the plant species treated, type of treatment 
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employed, type of herbicide used, application technique, and herbicide concentration and quantities used. 
These records will be included in all reporting documents. In areas where full invasive control is 
performed, seed from appropriate bottomland mast producing species will be planted in the fall following 
the first full year after invasive control is performed. Records will be kept of date collected, species, 
provenance, approximate density of each species (pounds/acre), and location planted. Mast seed planted 
will be recorded. These records will be included in all reporting documents. 
 
Areas where full invasive species control is performed will be direct seeded with bottomland mast-
producing species. The seeding will take place the first fall after invasive species control is performed. 
These areas will be monitored for additional invasive species control. 

7.2.3 Best Management Practices 
Due to the rural nature of this project, individual stormwater best management practices (BMPs) will not 
be required. However, diffuse flow structures will be applied at locations where ditches or other forms of 
concentrated flow enter the conservation easement. These structures will consist of a pool (forebay) 
located just outside the conservation easement that will attenuate runoff combined with grading and 
stabilization techniques that will diffuse flow upon entering the buffer. All diffuse flow structures will be 
installed within the conservation easement so that landowners will not have access to the structures. 
Failure or maintenance of the structures is not anticipated as these structures will be installed in low-
gradient areas, and the areas proposed to diffuse flow will be well vegetated and matted. 
 
Stormwater management issues resulting from future development of adjacent properties will be governed 
by the applicable state and local ordinances and regulations. It is recommended that any future stormwater 
entering the site maintain pre-development peak flow. Any future stormwater diverted into the project 
should be done in a manner as to prevent erosion, adverse conditions, or degradation of the project in any 
way. 

7.2.4 Site Preparation 
After construction activities, the subsoil will be scarified and any compaction will be deep tilled before 
the topsoil is placed back over the site. Any topsoil that is removed during construction will be stockpiled 
and placed over the site during final soil preparation. This process should provide favorable soil 
conditions for plant growth. Rapid establishment of vegetation will provide natural stabilization for the 
site. 

7.3 Data Analysis 

7.3.1 Stream Data Analysis 

 Stream Hydrologic Analysis 7.3.1.1

Hydrologic evaluations were performed for the design reaches using multiple methods to determine and 
validate the design bankfull discharge and channel geometry required to provide regular floodplain 
inundation. The use of various methods allows for comparison of results and eliminates reliance on a 
single model. Peak flows (Table 22) and corresponding channel cross-sectional areas were determined for 
comparison to design parameters using the following methods: 
 

 Regional Flood Frequency Analysis, 
 AutoCAD’s Hydraflow Hydrographs, 
 NC and VA Regional Curves for the Piedmont, and 
 USGS regional regression equations for rural conditions in the Piedmont. 

 



 

Poplin Ridge Final Mitigation Plan 58 July 2014 

Regional Flood Frequency Analysis 
A flood frequency analysis was completed for the study region using historic gauge data on all nearby 
USGS gauges with drainage areas less than 6,400 acres (10 mi2) which passed the Dalrymple 
homogeneity test (Dalrymple, 1960). This is a subset of gauges used for USGS regression equations. 
Regional flood frequency equations were developed for the 1.1-, 1.5-, and 2-year peak discharges based 
on the gauge data. Discharges were then computed for the design reach. These discharges were compared 
to those predicted by the discharge regional curve bankfull flow, USGS regional regression for the 2-year 
peak flow, and modeling results for the 1-year and 2-year storm events. 
 
AutoCAD’s Hydraflow Hydrographs 
Hydraflow Hydrographs was used to simulate the rainfall-runoff process and establish peak flows for the 
watersheds. Hydraflow Hydrographs was chosen over the U.S. Army Corps of Engineers model HEC-1 
because it allows the user to adjust the peak shape factor for existing watershed conditions. Rainfall data 
reflecting a 284 peak shape factor and a standard Type II distribution were used, along with NRCS 
hydrology (time of concentrations and runoff curve numbers),  to simulate the rainfall-runoff process.  
 
Regional Curve Regression Equations 
The North Carolina Piedmont regional curves by Doll et al. (2002) and Harman et al. (1999) and the 
Virginia (Lotspeich, 2009) Piedmont regional curves for discharge were used to predict the bankfull 
discharge for the site. The NC regional curves predicted flows that are similar to those predicted by the 
1.1-year flood frequency, while the VA curves are comparable to flows predicted by the 1.5-year flood 
frequency. The equations for North Carolina and Virginia regional discharges are: 
 
(1)  Qbkf=91.62*(DA)0.71   (Doll et al., 2002) 
(2)  Qbkf=89.04*(DA)0.73   (Harman et al., 1999) 
(3)  Qbkf= 43.895*(DA)0.9472  (Lotspeich, 2009) 
 
Where Qbkf=bankfull discharge (ft3/s) and DA=drainage area (mi2). 
 
USGS Regional Regression Equations 
USGS regression equations estimate the magnitude and frequency of flood-peak discharges (Gotvald, et 
al., 2009). The regression equations were developed from gauge data in different physiographic regions of 
the Southeastern United States. For this analysis, there was only concern for the 2-year return interval. 
The equation for the rural Piedmont/Foothills (Hydrologic Region 1) is: 
 
(1)    Q2=158*(DA)0.649 
 
Where  Q2=2-year peak discharge (ft3/s) and DA=drainage area (mi2). 
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Table 22. Peak Flow Comparison 

Reach Drainage 
Area (Ac) 

Hydraflow 
Hydrographs 

Q1 

FFQ 
Q1.1 

FFQ 
Q1.5 

NC 
Regional 
Curve Q 

VA/MD 
Regional 
Curve Q 

Regional 
Regression 
Eqns. Q2 

Design/ 
Calculated 

Q 

Reference 426 NA 48 73 66 30 121 50 

UT1-1 136 15 19 29 29 10 58 22 

UT1-2 250 32 31 48 45 18 85 36 

UT1-3 384 46 44 67 61 27 113 52 

UT1-4 631 86 74 113 98 50 172 70 

UT1-A 88 NA 13 21 21 7 44 15 

UT1-B 120 NA 17 27 26 9 53 17 

UT1-C 250 NA 31 48 45 18 86 31 

UT2-1 631 47 66 100 88 43 157 51 

UT2-2 726 56 74 112 98 49 171 60 

UT2-3 792 61 79 120 104 54 181 65 

UT2-4 861 71 85 129 111 58 192 74 

 
Based upon the hydrologic analysis described above, design discharges were selected that fell within 
ranges resulting from the 1 and 1.5-year flood frequency analysis and the 1-year Hydraflow Hydrographs 
modeling for each reach. These discharges will provide frequent inundation of the adjacent floodplain. 
Selection of design discharge for the restoration reaches (UT1-2, UT1-3, UT2-2, UT2-3, and UT2-4) was 
selected based on the following rationale: 
 

 The calculated bankfull discharge for the analog/reference reach closely matches the results of the 
1.1-year flood frequency analysis, 

 The results of the 1.5-year flood frequency analysis matched well with the NC regional curve, 
 Approximate bankfull discharges for existing conditions for UT1fall between the 1.1 and 1.5-year 

flood frequency analysis results,  
 Approximate bankfull discharges for existing conditions for UT2 fall near the 1-year Hydraflow 

Hydrographs analysis results,  
 Selecting design discharges between the 1 and 1.5-year storm events allows frequent inundation 

of the floodplain, while also preventing adjacent active agriculture land from flooding at a high 
frequency.  

 Sediment Transport Analysis  7.3.1.2

An erosion and sedimentation analysis was performed to confirm that the restoration design creates a 
stable gravel that neither aggrades nor degrades over time. Typically, sediment transport is assessed to 
determine a stream’s ability to move a specific grain size at specified flows. Various sediment transport 
equations are applied when estimating entrainment for sand and gravel bed streams found in the 
piedmont. The US Army Corps of Engineers (USACE) report, Stability Thresholds for Stream 
Restoration Materials (Fichenich, 2001), was used to obtain permissible shear stresses and velocities.  
Data found in this document was obtained from multiple sources using different testing conditions. The 
following methods and published documents were utilized during the sediment transport analysis: 
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 HEC-RAS Stable Channel Design (Copeland Method) 
 Permissible Shear Stress Approach  
 Permissible Velocity Approach 

 
Stable Channel Design 
Design cross-section dimensions as determined from the analog approach were evaluated using the stable 
channel design functions within HEC-RAS. These functions are based upon the methods presented in the 
SAM Hydraulic Design Package for Channels developed by the USACE Waterways Experiment Station. 
The Copeland Method was chosen to determine stable channel dimensions as a function of slope, 
discharge, roughness, side slope, bed material gradation, and the inflowing sediment discharge. Results 
are presented as a range of widths and slopes, and their unique solution for depth, making it easy to adjust 
channel dimensions to achieve stable channel configurations. The stable design output parameters are 
listed in Table 23.  The results are acceptable and match closely with the design reach parameters. 
 
Table 23. Stable Channel Design Output 

Reach Q 
(ft/s3) 

Bottom 
Width (ft) Depth (ft) Energy 

Slope (ft/ft) 
Composite 

n value 
Velocity 

(ft/s) 
Shear Stress 

(lbs/ft2) 

UT1-2 36 8 1.6 0.0058 0.061 2.08 0.58 

UT1-3 52 9 1.9 0.0045 0.057 2.2 0.54 

UT2-3 65 11 2.1 0.0032 0.056 2.07 0.42 

UT2-4 74 12 2.2 0.003 0.055 2.08 0.41 

 
Permissible Shear Stress Approach 
Shear stress is a commonly used tool for assessing channel stability. Allowable channel shear stresses are 
a function of bed slope, channel shape, flows, bed material (shape, size, and gradation), cohesiveness of 
bank materials, vegetative cover, and incoming sediment load. The shear stress approach compares 
calculated shear stresses to those found in the literature. Shear stress is the force exerted on a boundary 
during the resistance of motion as calculated using the following formula: 
 

(1)  = RS          
 = shear stress (lb/ft2) 
 = specific gravity of water (62.4 lb/ft3) 
R = hydraulic radius (ft) 
S = average channel slope (ft/ft) 

 
Table 24. Comparison of Allowable and Proposed Shear Stresses 

Reach Proposed Shear Stress at 
Bankfull Stage (lbs/ft2) 

Critical Shear Stress 
(lbs/ft2) 

Allowable Shear 
Stress1 (lbs/ft2) 

UT1-1 0.3 0.27 0.5 

UT1-2 0.42 0.07 0.33 

UT1-3 0.42 0.13 0.33 

UT1-4 NA 0.42 0.5 

UT2-2 NA NA NA 

UT2-3 0.27 0.13 0.33 

UT2- 4 0.26 0.13 0.33 
1(Fischenich, 2001) 
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Review of Table 24 shows that the proposed shear stresses for the Poplin Ridge design reaches fall 
between the critical shear stress (shear stress required to initiate motion) and the allowable limits for 
reaches UT1-1, UT2-3 and UT2-4; and just above the allowable limits for reaches UT1-2 and UT1-
3.  The published allowable shear stresses do not take into account additional bed stability provided by the 
cohesiveness of the existing bed materials.  In addition, the bed material found in reaches UT1-2 and 
UT1-3 has a relatively wide range in size, which provides an additional degree of stability to the bed that 
is not accounted for in the published allowable shear stress.  For these reasons, the allowable shear 
stresses shown in Table 24 are considered conservative and can be described more as targeted design 
values and not as maximum values to initiate motion. The existing channels currently exhibit little to no 
vertical instabilities.  The reduced bank heights and bed slopes will slightly reduce shear stresses in the 
proposed conditions when compared to pre-project conditions.  Because the existing channel is relavely 
stable vertically, there is not a concern with the allowable shear stresses in reaches  UT1-2 and UT1-3 
shown in Table 24 being larger than the targeted values.  An additional level of protection to prevent 
channel downcutting and incision is the natural bedrock observed throughout reach UT1 and the proposed 
grade control structures proposed throughout the project. These existing and proposed structures will 
further provide bed stability. Because UT1-A, UT1-B, and UT1-C are enhancement sections only, a 
hydraulic evaluation of allowable shear stress was not performed on these reaches. 
 
Permissible Velocity Approach 
Published data are readily available that provide entrainment velocities for different bed and bank 
materials. A comparison of calculated velocities to these permissible velocities is a simple method to aid 
in the verification of channel stability. Table 25 compares the proposed velocities calculated using 
Manning’s equation with the permissible velocities presented in the USACE Stability Thresholds for 
Stream Restoration Materials report.  
  
Table 25. Comparison of Allowable and Proposed Velocities 

Reach Manning’s “n” 
value 

Design Velocity 
(ft/s) Bed Material Allowable 

Velocity1 (ft/sec) 
 Silty-sand to very coarse pebbles 4 

UT1-Reach 2 0.055 2.4 Fine to course pebbles 3.75 
UT1-Reach 3 0.055 2.3 Fine to course pebbles 3.75 
UT1-Reach 4 0.045 2.3 Course pebbles to very coarse pebbles 4.5 

UT1-A 0.045 2.4 Silty-sand to medium sand 3 
UT1-B 0.045 3.75 Medium to course pebbles 3.75 
UT1-C 0.045 2.6 Medium to course pebbles 3.75 

UT2-Reach 2 0.055 2 Fine to course pebbles 3.75 
UT2-Reach 3 0.055 2 Fine to course pebbles 3.75 
UT2-Reach 4 0.055 2 Fine to course pebbles 3.75 

1(USACE Fischenich Report, 2001)  
The calculated velocities from HEC-RAS are average values for a cross section. These average values 
may underestimate velocities in sections of the channel that are constricted or located on meandering 
bends. Review of Table 25 shows that all of the proposed channels are at or below the threshold limits for 
stability. 
 
Sediment Supply 
In addition to the stability assessment, a qualitative analysis of sediment supply was performed by 
characterizing watershed conditions.   A combination of field reconnaissance and windshield surveys, 
existing land use data, and historical aerial photography were analyzed to assess existing and past 
watershed conditions and to determine if any changes occurred that would significantly impact sediment 
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supply.  As discussed in Section 2.2.3, the land use throughout the site, and primarily around restoration 
reaches UT1-R2, UT1-R3, UT2-3, and UT2-4 has changed little since 1961.  Much of the project area has 
been used primarily for agricultural purposes over the past 50 years; and current land use within the 
project is composed of approximately 78% cultivated land and 22% forest cover.  Since 1961, there have 
been several significant land disturbing events near the project.  During the 1970’s, forested corridors 
along UT1-R3, UT1-R4, and UT1-C were cleared, poultry houses were added adjacent to both UT1 and 
UT2, and the inline pond on UT2 was installed. During the 1980’s and 1990’s, eight more poultry houses 
were added to the project area; two adjacent to UT1 and six adjacent to UT2.  The only other noticeable 
event occurred between 1993 and 1998 when portions of the forested buffer along UT2 just upstream of 
the project area were cleared and converted to agricultural fields.  Overall, the project watershed is 
relatively stable and has largely been maintained as agricultural land since the 1960’s.  Much of the 
forested areas are located either within the headwater portions of the watersheds or along existing stream 
channels.   Land use has remained relatively constant within this rural watershed, and significant land 
disturbing activities are not anticipated for the future. 
 
A large percentage of the cultivated areas are located in the middle and lower portions of the project 
watershed for UT1 and within the upper and lower portions of the watershed for UT2.  Additionally, the 
land use within the watersheds of the restoration reaches is comprised of over 60% agriculture fields and 
between 20% and 30% forest. Observations and assessments of these reaches show little signs of 
aggradation (deposition) or degradation and that the streams appear physically stable, indicating that the 
reaches are able to effectively transport the sediment supplied by their respective watersheds. There are 
several localized areas of instability and erosion along the channels, which appear to be a result of cattle 
activity and agricultural activities occurring up to and along channel banks and not from watershed 
activities. It is anticipated that sediment supply from agricultural land adjacent to the project will decrease 
as buffers are enhanced and widened, and flow from existing agricultural ditches will be diffused before 
entering the proposed channel.   
 
Since little deposition or degradation (scour) was observed along the restoration reaches, it appears that 
the channels are able to effectively move the sediment supplied from the surrounding watershed.  Because 
observed areas of degradation can be attributed to farming practices adjacent to the channel and not 
watershed activities, a threshold channel design approach was used.  This approach assumes minimal 
movement (vertical or lateral migration) of the channel boundary during design flow conditions, and that 
the channel is not sensitive to sediment supply.  Additionally, grade controls have been integrated 
throughout the design to provide vertical stability in the event scour should occur. 

 Hydraulic Analyses 7.3.1.1

Hydraulic evaluations were performed for the restoration design reaches of UT1 and UT2. These analyses 
were performed to confirm that the restoration designs will convey the design discharge, provide more 
frequent overbank flooding, and that significant structures will perform as designed.  
 
HEC-RAS Analysis 
A hydraulic analysis was performed to confirm that the restoration design results in a channel that will 
convey the design discharge and provide for frequent flooding of the adjacent riparian floodplain and 
wetlands. Channel characteristics, including cross-sectional dimension, slope, and roughness, were used 
to analyze and adjust design parameters calculated by the analog/reference reach approach. 
 
HEC-RAS was used to perform the hydraulic analysis. This model is a hydraulic model developed by the 
US Army Corps of Engineers’ Hydrologic Engineering Center to perform one-dimensional (1-D) steady 
and unsteady flow calculations. The model uses representative geometric data (cross-sections) and 
hydraulic computation routines.  
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Design cross-sectional dimensions determined through the analog/reference reach approach were 
evaluated using the 1-D steady flow analysis component and the channel design functions within the 
HEC-RAS Model (Version 4.0.0). The cross-sectional dimensions for reaches UT1 and UT2 were 
iteratively adjusted based on the model results to produce a channel design that will regularly flood the 
adjacent riparian areas. Model results are presented in Appendix C. The results are organized by reach, 
discharge, and STA number and include water surface elevation, velocity, flow area, stream power, and 
shear stress. 

7.3.1 Mitigation Summary 
Natural channel design techniques have been used to develop the restoration designs described in this 
document. The combination of the analog and analytical design methods was determined to be 
appropriate for this project because the watershed is rural, the causes of disturbance are known and have 
been abated, and there are minimal infrastructure constraints. The original design parameters were 
developed from the measured analog/reference reach data and applied to the subject stream. The 
parameters were then analyzed and adjusted through an iterative process using analytical tools and 
numerical simulations of fluvial processes. The designs presented in this report provide for the restoration 
of natural Piedmont gravel channel features and stream bed diversity to improve benthic habitat. The 
proposed design will allow flows that exceed the design bankfull stage to spread out over the floodplain. 
 
A large portion of the existing stream will be filled using material excavated from the restoration channel. 
However, many segments will be left only partially filled to provide habitat diversity and flood storage. 
Native woody material will be planted throughout the restored reach to reduce bank stress, provide grade 
control, and increase habitat diversity.  
 
Forested riparian buffers of at least fifty feet on both sides of the channel will be established along the 
project reach. An appropriate riparian plant community (Mesic Mixed Hardwood Forest-Piedmont 
Subtype) will be established to include a diverse mix of species. Replanting of native species will occur 
where the existing buffer is impacted during construction. Reductions in nutrients and other pollutants 
will be achieved with the buffer restoration work, providing substantial benefits to the watershed. 
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8. MAINTENANCE PLAN 

NCEEP shall monitor the site on a regular basis and shall conduct a physical inspection of the site a 
minimum of once per 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 should be expected most often in the first two years following site 
construction and may include the following: 
 
Table 26. Maintenance Plan 

 

Component/Feature Maintenance through project close-out
Stream Routine channel maintenance and repair activities may include chinking of in-

stream structures to prevent piping, securing of loose coir matting, and 
supplemental installations of live stakes and other target vegetation along the 
channel. Areas where stormwater and floodplain flows intercept the channel 
may also require maintenance to prevent bank failures and head-cutting.

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

Site Boundary Site boundaries shall be identified in the field to ensure clear distinction 
between the mitigation site and adjacent properties. Boundaries may be 
identified by fence, marker, bollard, post, tree-blazing, 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.The entire boundary will be checked annually as part of 
monitoring.

Utility Right-of-Way Utility rights-of-way within the site may be maintained only as allowed by 
Conservation Easement or existing easement, deed restrictions, rights of way, 
or corridor agreements.

Ford Crossing Ford crossings within the site may be maintained only as allowed by 
Conservation Easement or existing easement, deed restrictions, rights of way, 
or corridor agreements.

Road Crossing Road crossings within the site may be maintained only as allowed by 
Conservation Easement or existing easement, deed restrictions, rights of way, 
or corridor agreements.

Other Activities Beaver activity will be evaluated annually during the monitoring period and 
will be managed as necessary.
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9. PERFORMANCE STANDARDS 

The success criteria for the Poplin Ridge Site stream restoration will follow accepted and approved 
success criteria presented in the USACE Stream Mitigation Guidelines and subsequent NCEEP and 
agency guidance. Specifically, success criteria will be established in accordance with the Ecosystem 
Enhancement Program Monitoring Requirements and Performance Standards for Stream and Wetland 
Mitigation (Section IV C) dated November 7, 2011. The performance standards shall be consistent with 
the requirements described in Federal rule for compensatory mitigation project sites as described in the 
Federal Register Title 33 Navigation and Navigable Waters Volume 3 Chapter 2 Section § 332.5 
paragraphs (a) and (b). Specific success criteria components are presented below. 

9.1 Stream Restoration Success Criteria 

9.1.1 Bankfull Events 
Two bankfull flow events must be documented within the seven-year monitoring period. The two 
bankfull events must occur in separate years. Otherwise, the stream monitoring will continue until two 
bankfull events have been documented in separate years.  

9.1.2 Cross Sections  
There should be little change in as-built cross-sections. If changes do take place, they should be evaluated 
to determine if they represent a movement toward a less stable condition (for example down-cutting or 
erosion), or are minor changes that represent an increase in stability (for example settling, vegetative 
changes, deposition along the banks, or decrease in width/depth ratio). Cross-sections shall be classified 
using the Rosgen stream classification method, and all monitored cross-sections should fall within the 
quantitative parameters defined for channels of the design stream type.  

9.1.3 Digital Image Stations 
Digital images will be used to subjectively evaluate channel aggradation or degradation, bank erosion, 
success of riparian vegetation, and effectiveness of erosion control measures. Longitudinal images should 
not indicate the absence of developing bars within the channel or an excessive increase in channel depth. 
Lateral images should not indicate excessive erosion or continuing degradation of the banks over time. A 
series of images over time should indicate successional maturation of riparian vegetation. 

9.2 Vegetation Success Criteria 
Specific and measurable success criteria for plant density within the riparian buffers on the site will 
follow NCEEP Guidance. Vegetation monitoring plots will be a minimum of 0.02 acres in size, and cover 
a minimum of two percent of the planted area. Vegetation monitoring will occur annually in the fall of 
each year. The interim measures of vegetative success for the site will be the survival of at least 320 
three-year old trees per acre at the end of Year 3, 260 five-year old trees at the end of Year 5, and the final 
vegetative success criteria will be 210 trees per acre at the end of Year 7.  

9.3 Scheduling/Reporting 
A monitoring baseline document and as-built drawings documenting stream restoration activities will be 
developed within 60 days of the planting completion on the mitigation site. The report will include all 
information required by NCEEP monitoring baseline document guidelines (Baseline Monitoring Report 
Template and Guidance version 2.0 (10/14/10)), including elevations, photographs and sampling plot 
locations, gauge locations, and a description of initial species composition by community type. The report 
will also include a list of the species planted and the associated densities. Baseline vegetation monitoring 
will follow CVS-NCEEP Protocol for Recording Vegetation Version 4.0. Level 1 and Level 2 monitoring 
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will be conducted. The baseline report will follow Baseline Monitoring Report Template and Guidance 
version 2.0 (10/14/10). 
 
The monitoring program will be implemented to document system development and progress toward 
achieving the success criteria. The restored stream morphology will be assessed to determine the success 
of the mitigation. The monitoring program will be undertaken for five years or until the final success 
criteria are achieved, whichever is longer. 
 
Monitoring reports will be prepared in the fall of each year of monitoring and submitted to NCEEP. The 
monitoring reports will include all information, and be in the format required by NCEEP in Version 2.0 of 
the NCEEP Monitoring Report Template. 
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10. MONITORING REQUIREMENTS 

Annual monitoring data will be reported using the EEP monitoring template. The monitoring report shall 
provide a project data chronology that will facilitate an understanding of project status and trends, 
population of EEP databases for analysis, research purposes, and assist in decision making regarding 
project close-out. The success criteria for the Poplin Ridge Site stream and wetland mitigation will follow 
current accepted and approved success criteria presented in the USACE Stream Mitigation Guidelines, 
NCEEP requirements, and subsequent agency guidance. Specific success criteria components are 
presented in Table 27. Monitoring reports will be prepared annually and submitted to EEP. 
 
Table 27. Monitoring Requirements 

 

10.1 As-Built Survey 
An as-built survey will be conducted following construction to document channel size, condition, and 
location. The survey will include a complete profile of thalweg, water surface, bankfull, and top of bank 
to compare with future geomorphic data. As-built drawings will be produced and will conform to the EEP 
digital drawings guidance (EEP Baseline Monitoring Template Version 2.0 10/14/10). Longitudinal 
profiles will not be required in annual monitoring reports unless requested by NCEEP or USACE. Stream 
channel stationing will be marked with stakes placed near the top of bank every 100 feet.  

10.2 Visual Monitoring 
Visual monitoring of all mitigation areas will be conducted a minimum of twice per monitoring year by 
qualified individuals. The visual assessments will include vegetation density, vigor, invasive species, and 

Required Parameter Quantity Frequency Notes

Pattern
As per April 2003 USACE 
Wilmington District Stream 
Mitigation Guidelines

Baseline
Additional surveys will be performed if monitoring 
indicates instability or significant channel migration.

Dimension
As per April 2003 USACE 
Wilmington District Stream 
Mitigation Guidelines

Baseline, Years 
1,2,3,5, and  7

Surveyed cross sections and bank pins.

Profile
As per April 2003 USACE 
Wilmington District Stream 
Mitigation Guidelines

Baseline
Additional surveys will be performed if monitoring 
indicates instability.

Substrate
As per April 2003 USACE 
Wilmington District Stream 
Mitigation Guidelines

Baseline, Years 
1,2,3,5, and  7

Substrate data will be collected at cross-section 
locations.

Surface Water 
Hydrology

As per April 2003 USACE 
Wilmington District Stream 
Mitigation Guidelines

Annual

Crest Gauges and/or Pressure Transducers will be 
installed on site; the devices will be inspected on a 
quarterly/semi-annual basis to document the occurrence 
of bankfull events on the project.

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

Exotic and 
Nuisance 
Vegetation

Annual
Locations of exotic and nuisance vegetation will be 
mapped.

Project Boundary Semi-annual
Locations of fence damage, vegetation damage, boundary 
encroachments, etc. will be mapped.

Stream Visual Annual Semi-annual visual assessments.
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easement encroachments. Visual assessments of stream stability will include a complete streamwalk and 
structure inspection. Digital images will be taken at fixed representative locations to record each 
monitoring event, as well as any noted problem areas or areas of concern. Results of visual monitoring 
will be presented in a plan view exhibit with a brief description of problem areas and digital images. 
Photographs will be used to subjectively evaluate channel aggradation or degradation, bank erosion, 
success of riparian vegetation, and effectiveness of erosion control measures. Longitudinal photos should 
indicate the absence of developing bars within the channel or an excessive increase in channel depth. 
Lateral photos should not indicate excessive erosion or continuing degradation of the banks over time. A 
series of photos over time should indicate successional maturation of riparian vegetation. 

10.3 Cross Sections  
Permanent cross-sections will be installed at a minimum of one per 20 bankfull widths with half in pools 
and half in shallows. All cross-section measurements will include bank height ratio and entrenchment 
ratio. Cross-sections will be monitored annually. There should be little change in as-built cross-sections. 
If changes do take place, they should be evaluated to determine if they represent movement toward a less 
stable condition (for example down-cutting or erosion), or are minor changes that represent an increase in 
stability (for example settling, vegetative changes, deposition along the banks, or decrease in width/depth 
ratio). Bank height ratio shall not exceed 1.2, and the entrenchment ratio shall be no less than 2.2 within 
restored reaches. Channel stability should be demonstrated through a minimum of two bankfull events 
documented in the seven-year monitoring period.  

10.4 Bank Pin Arrays 
Bank pin arrays will be used as a supplemental method to monitor erosion on selected meander bends 
where there is not a cross section. Bank pin arrays will be installed along the outer bend and upstream 
third and downstream third of the meander. Bank pins will be installed just above the water surface and 
every two feet above the lowest pin. Bank pin exposure will be recorded at each monitoring event, and the 
exposed pin will be driven flush with the bank. 

10.5 Surface Flow 
Headwater valley restoration areas will be monitored to document intermittent or seasonal surface flow. 
This will be accomplished through direct observation, photo documentation of dye tests, and surface flow 
gauges.  

10.1 Vegetative Success Criteria 
Vegetative monitoring success criteria for plant density within the riparian buffers on the site will follow 
NCEEP Guidance dated 7 November 2011. Vegetation monitoring plots will be a minimum of 0.02 acres 
in size, and cover a minimum of two percent of the planted area. The following data will be recorded for 
all trees in the plots: species, height, planting date (or volunteer), and grid location. Monitoring will occur 
each year during the monitoring period. The interim measures of vegetative success for the site will be the 
survival of at least 320 three-year old trees per acre at the end of Year 3 and 260 five-year old trees per 
acre at the end of Year 5. The final vegetative success criteria will be the survival of 210 trees per acre at 
the end of Year 7 of the monitoring period. 
 
Invasive and noxious species will be monitored and controlled so that none become dominant or alter the 
desired community structure of the site. If necessary, EBX will develop a species-specific control plan. 

10.2 Remedial Actions 
The Mitigation Plan will include a detailed adaptive management plan that will address how potential 
problems are resolved. In the event that the site, or a specific component of the site, fails to achieve the 
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defined success criteria, EBX will develop necessary adaptive management plans and/or implement 
appropriate remedial actions for the site in coordination with NCEEP and the review agencies. Remedial 
action required will be designed to achieve the success criteria specified previously, and will include 
identification of the causes of failure, remedial design approach, work schedule, and monitoring criteria 
that will take into account physical and climatic conditions. 
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11. LONG-TERM MANAGEMENT PLAN  

Upon approval for closeout by the Interagency Review Team (IRT), the site will be transferred to the 
State of North Carolina (State). The State shall be responsible for periodic inspection of the site to ensure 
that restrictions required in the conservation easement or the deed restriction document(s) are upheld. 
Endowment funds required to uphold easement and deed restrictions shall be negotiated prior to site 
transfer to the responsible party. 
 
The NCDENR Division of Natural Resource Planning and Conservation’s Stewardship Program currently 
houses EEP stewardship endowments within the non-reverting, interest-bearing Conservation Lands 
Stewardship Endowment Account. The use of funds from the Endowment Account is governed by North 
Carolina General Statute GS 113A-232(d)(3). Interest gained by the endowment fund may be used only 
for the purpose of stewardship, monitoring, stewardship administration, and land transaction costs, if 
applicable. The NCDENR Stewardship Program intends to manage the account as a non-wasting 
endowment. Only interest generated from the endowment funds will be used to steward the compensatory 
mitigation sites. Interest funds not used for those purposes will be re-invested in the Endowment Account 
to offset losses due to inflation. 
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12. ADAPTIVE MANAGEMENT PLAN  

Upon completion of site construction EEP 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, EEP 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 
EEP 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.  
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13. 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 U.S. Army Corps of Engineers Wilmington District with a formal commitment to fund 
projects to satisfy mitigation requirements assumed by EEP. This commitment provides financial 
assurance for all mitigation projects implemented by the program. 
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14.2 Definitions  
 
Morphological description – the stream type; stream type is determined by quantifying channel 
entrenchment, dimension, pattern, profile, and boundary materials; as described in Rosgen, D. (1996), 
Applied River Morphology, 2nd edition  
 
Native vegetation community – a distinct and reoccurring assemblage of populations of plants, animals, 
bacteria and fungi naturally associated with each other and their population; as described in Schafale, 
M.P. and Weakley, A. S. (1990), Classification of the Natural Communities of North Carolina, Third 
Approximation  
 
Project Area – includes all protected lands associated with the mitigation project  
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14.3 Appendix A – Site Protection Instrument(s) 
Conservation Easement Deeds 
Draft Plats 
 
Note: This appendix will be updated as the easement deeds and plats become available.
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14.4 Appendix B – Baseline Information Data  
Poplin Ridge USACE Routine Wetland Data Forms 
Poplin Ridge NCDWQ Stream Determination Data Forms 
Reference Reach NCDWQ Stream Determination Data Form 
Poplin Ridge Stream Forms Summary Table 
USACE Stream Quality Assessment Worksheet Form 
DWQ Stream Habitat Evaluation Form 
Aquatic Habitat Assessment Fish Cover Table 
Channel Stability Assessment Form 

EDR Report  
Environmental Screening and Resource Agency Correspondence 
Poplin Ridge CE 
Farmland Conversion Impact Rating (Form AD 1006) 
FEMA Floodplain Checklist 
Poplin Ridge Correspondence 
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WETLAND DETERMINATION DATA FORM – Eastern Mountains and Piedmont 

Project/Site:                                                                                             City/County:                                                           Sampling Date:                             

Applicant/Owner:                                                                                                                 State:                     Sampling Point:                        

Investigator(s):                                                                                         Section, Township, Range:                                                                                        

Landform (hillslope, terrace, etc.):                                                      Local relief (concave, convex, none):                                             Slope (%):                

Subregion (LRR or MLRA):                                      Lat:                                                        Long:                                                        Datum:                        

Soil Map Unit Name:                                                                                                                                        NWI classification:                                              

Are climatic / hydrologic conditions on the site typical for this time of year?  Yes               No   (If no, explain in Remarks.)  

Are Vegetation            , Soil , or Hydrology              significantly disturbed?            Are “Normal Circumstances” present?   Yes               No             

Are Vegetation            , Soil , or Hydrology              naturally problematic?             (If needed, explain any answers in Remarks.) 

SUMMARY OF FINDINGS –  Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes                 No              

Hydric Soil Present?  Yes                 No              

Wetland Hydrology Present? Yes                 No              

Is the Sampled Area 
within a Wetland?                 Yes                   No               

Remarks:  

HYDROLOGY 
Wetland Hydrology Indicators:  Secondary Indicators (minimum of two required)

Primary Indicators (minimum of one is required; check all that apply)                                                           Surface Soil Cracks (B6) 

  Surface Water (A1)   True Aquatic Plants (B14)   Sparsely Vegetated Concave Surface (B8) 

  High Water Table (A2)   Hydrogen Sulfide Odor (C1)   Drainage Patterns (B10) 

  Saturation (A3)   Oxidized Rhizospheres on Living Roots (C3)        Moss Trim Lines (B16) 

  Water Marks (B1)   Presence of Reduced Iron (C4)   Dry-Season Water Table (C2) 

  Sediment Deposits (B2)   Recent Iron Reduction in Tilled Soils (C6)        Crayfish Burrows (C8) 

  Drift Deposits (B3)   Thin Muck Surface (C7)   Saturation Visible on Aerial Imagery (C9) 

  Algal Mat or Crust (B4)   Other (Explain in Remarks)   Stunted or Stressed Plants (D1) 

  Iron Deposits (B5)   Geomorphic Position (D2) 

  Inundation Visible on Aerial Imagery (B7)    Shallow Aquitard (D3) 

  Water-Stained Leaves (B9)   Microtopographic Relief (D4) 

  Aquatic Fauna (B13)   FAC-Neutral Test (D5) 

Field Observations: 

Surface Water Present? Yes             No             Depth (inches):                           

Water Table Present?  Yes             No             Depth (inches):                           

Saturation Present?    Yes             No             Depth (inches):                         
(includes capillary fringe) 

Wetland Hydrology Present?    Yes                 No             

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available: 

Remarks:  
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VEGETATION (Four Strata) – Use scientific names of plants.     Sampling Point:

                          Absolute    Dominant  Indicator 
Tree Stratum  (Plot size:                               )                         % Cover    Species?    Status

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

7.                                                                                                                            

8.                                                                                                                            

                                                                                                               = Total Cover 
Sapling/Shrub Stratum  (Plot size:                               ) 

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

7.                                                                                                                            

8.                                                                                                                            

9.                                                                                                                            

10.                                                                                                                          

                                                                                                               = Total Cover 
Herb Stratum  (Plot size:                               ) 

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

7.                                                                                                                            

8.                                                                                                                            

9.                                                                                                                            

10.                                                                                                                          

11.                                                                                                                          

12.                                                                                                                          

                                                                                                               = Total Cover 
Woody Vine Stratum  (Plot size:  ) 

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

                                                                                                               = Total Cover 

Dominance Test worksheet: 

Number of Dominant Species   
That Are OBL, FACW, or FAC:                              (A) 

Total Number of Dominant    
Species Across All Strata:                               (B) 

Percent of Dominant Species 
That Are OBL, FACW, or FAC:                              (A/B) 

Prevalence Index worksheet: 

       Total % Cover of:                    Multiply by:       

OBL species                        x 1 =                      

FACW species                        x 2 =                      

FAC species                        x 3 =                      

FACU species                        x 4 =                      

UPL species                        x 5 =                      

Column Totals:                        (A)                          (B) 

         Prevalence Index  = B/A =                             

Hydrophytic Vegetation Indicators: 

  1 - Rapid Test for Hydrophytic Vegetation  

  2 - Dominance Test is >50% 

  3 - Prevalence Index is 3.01

  4 - Morphological Adaptations1 (Provide supporting 
            data in Remarks or on a separate sheet) 

  Problematic Hydrophytic Vegetation1 (Explain) 

1Indicators of hydric soil and wetland hydrology must 
be present, unless disturbed or problematic. 

Definitions of Four Vegetation Strata: 

Tree – Woody plants, excluding vines, 3 in. (7.6 cm) or 
more in diameter at breast height (DBH), regardless of 
height.

Sapling/Shrub – Woody plants, excluding vines, less 
than 3 in. DBH and greater than 3.28 ft (1 m) tall. 

Herb – All herbaceous (non-woody) plants, regardless 
of size, and woody plants less than 3.28 ft tall. 

Woody vine – All woody vines greater than 3.28 ft in 
height.

Hydrophytic  
Vegetation 
Present?                 Yes                 No             

Remarks:  (Include photo numbers here or on a separate sheet.) 
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SOIL                                                      Sampling Point:                         

Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

 Depth                    Matrix                                           Redox Features                             
 (inches)       Color (moist)            %       Color (moist)             %     Type1      Loc2        Texture                             Remarks                          

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        
1Type:  C=Concentration, D=Depletion, RM=Reduced Matrix, MS=Masked Sand Grains.           2Location:  PL=Pore Lining, M=Matrix.
Hydric Soil Indicators: Indicators for Problematic Hydric Soils3:

  Histosol (A1)   Dark Surface (S7)   2 cm Muck (A10) (MLRA 147)
  Histic Epipedon (A2)   Polyvalue Below Surface (S8) (MLRA 147, 148)        Coast Prairie Redox (A16)
  Black Histic (A3)    Thin Dark Surface (S9) (MLRA 147, 148)            (MLRA 147, 148)
  Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)   Piedmont Floodplain Soils (F19) 
  Stratified Layers (A5)   Depleted Matrix (F3) (MLRA 136, 147)
  2 cm Muck (A10) (LRR N)   Redox Dark Surface (F6)   Red Parent Material (TF2) 
  Depleted Below Dark Surface (A11)   Depleted Dark Surface (F7)   Very Shallow Dark Surface (TF12) 
  Thick Dark Surface (A12)   Redox Depressions (F8)   Other (Explain in Remarks) 
  Sandy Mucky Mineral (S1) (LRR N,        Iron-Manganese Masses (F12) (LRR N,

MLRA 147, 148)             MLRA 136)    
  Sandy Gleyed Matrix (S4)   Umbric Surface (F13) (MLRA 136, 122)    3Indicators of hydrophytic vegetation and 
  Sandy Redox (S5)   Piedmont Floodplain Soils (F19) (MLRA 148)        wetland hydrology must be present, 
  Stripped Matrix (S6)        unless disturbed or problematic.  

Restrictive Layer (if observed): 

     Type:                                                                  

     Depth (inches):                                                Hydric Soil Present?     Yes                 No             

Remarks: 
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WETLAND DETERMINATION DATA FORM – Eastern Mountains and Piedmont 

Project/Site:                                                                                             City/County:                                                           Sampling Date:                             

Applicant/Owner:                                                                                                                 State:                     Sampling Point:                        

Investigator(s):                                                                                         Section, Township, Range:                                                                                        

Landform (hillslope, terrace, etc.):                                                      Local relief (concave, convex, none):                                             Slope (%):                

Subregion (LRR or MLRA):                                      Lat:                                                        Long:                                                        Datum:                        

Soil Map Unit Name:                                                                                                                                        NWI classification:                                              

Are climatic / hydrologic conditions on the site typical for this time of year?  Yes               No   (If no, explain in Remarks.)  

Are Vegetation            , Soil , or Hydrology              significantly disturbed?            Are “Normal Circumstances” present?   Yes               No             

Are Vegetation            , Soil , or Hydrology              naturally problematic?             (If needed, explain any answers in Remarks.) 

SUMMARY OF FINDINGS –  Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes                 No              

Hydric Soil Present?  Yes                 No              

Wetland Hydrology Present? Yes                 No              

Is the Sampled Area 
within a Wetland?                 Yes                   No               

Remarks:  

HYDROLOGY 
Wetland Hydrology Indicators:  Secondary Indicators (minimum of two required)

Primary Indicators (minimum of one is required; check all that apply)                                                           Surface Soil Cracks (B6) 

  Surface Water (A1)   True Aquatic Plants (B14)   Sparsely Vegetated Concave Surface (B8) 

  High Water Table (A2)   Hydrogen Sulfide Odor (C1)   Drainage Patterns (B10) 

  Saturation (A3)   Oxidized Rhizospheres on Living Roots (C3)        Moss Trim Lines (B16) 

  Water Marks (B1)   Presence of Reduced Iron (C4)   Dry-Season Water Table (C2) 

  Sediment Deposits (B2)   Recent Iron Reduction in Tilled Soils (C6)        Crayfish Burrows (C8) 

  Drift Deposits (B3)   Thin Muck Surface (C7)   Saturation Visible on Aerial Imagery (C9) 

  Algal Mat or Crust (B4)   Other (Explain in Remarks)   Stunted or Stressed Plants (D1) 

  Iron Deposits (B5)   Geomorphic Position (D2) 

  Inundation Visible on Aerial Imagery (B7)    Shallow Aquitard (D3) 

  Water-Stained Leaves (B9)   Microtopographic Relief (D4) 

  Aquatic Fauna (B13)   FAC-Neutral Test (D5) 

Field Observations: 

Surface Water Present? Yes             No             Depth (inches):                           

Water Table Present?  Yes             No             Depth (inches):                           

Saturation Present?    Yes             No             Depth (inches):                         
(includes capillary fringe) 

Wetland Hydrology Present?    Yes                 No             

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available: 

Remarks:  
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VEGETATION (Four Strata) – Use scientific names of plants.     Sampling Point:

                          Absolute    Dominant  Indicator 
Tree Stratum  (Plot size:                               )                         % Cover    Species?    Status

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

7.                                                                                                                            

8.                                                                                                                            

                                                                                                               = Total Cover 
Sapling/Shrub Stratum  (Plot size:                               ) 

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

7.                                                                                                                            

8.                                                                                                                            

9.                                                                                                                            

10.                                                                                                                          

                                                                                                               = Total Cover 
Herb Stratum  (Plot size:                               ) 

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

7.                                                                                                                            

8.                                                                                                                            

9.                                                                                                                            

10.                                                                                                                          

11.                                                                                                                          

12.                                                                                                                          

                                                                                                               = Total Cover 
Woody Vine Stratum  (Plot size:  ) 

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

                                                                                                               = Total Cover 

Dominance Test worksheet: 

Number of Dominant Species   
That Are OBL, FACW, or FAC:                              (A) 

Total Number of Dominant    
Species Across All Strata:                               (B) 

Percent of Dominant Species 
That Are OBL, FACW, or FAC:                              (A/B) 

Prevalence Index worksheet: 

       Total % Cover of:                    Multiply by:       

OBL species                        x 1 =                      

FACW species                        x 2 =                      

FAC species                        x 3 =                      

FACU species                        x 4 =                      

UPL species                        x 5 =                      

Column Totals:                        (A)                          (B) 

         Prevalence Index  = B/A =                             

Hydrophytic Vegetation Indicators: 

  1 - Rapid Test for Hydrophytic Vegetation  

  2 - Dominance Test is >50% 

  3 - Prevalence Index is 3.01

  4 - Morphological Adaptations1 (Provide supporting 
            data in Remarks or on a separate sheet) 

  Problematic Hydrophytic Vegetation1 (Explain) 

1Indicators of hydric soil and wetland hydrology must 
be present, unless disturbed or problematic. 

Definitions of Four Vegetation Strata: 

Tree – Woody plants, excluding vines, 3 in. (7.6 cm) or 
more in diameter at breast height (DBH), regardless of 
height.

Sapling/Shrub – Woody plants, excluding vines, less 
than 3 in. DBH and greater than 3.28 ft (1 m) tall. 

Herb – All herbaceous (non-woody) plants, regardless 
of size, and woody plants less than 3.28 ft tall. 

Woody vine – All woody vines greater than 3.28 ft in 
height.

Hydrophytic  
Vegetation 
Present?                 Yes                 No             

Remarks:  (Include photo numbers here or on a separate sheet.) 
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US Army Corps of Engineers      Eastern Mountains and Piedmont – Interim Version 

SOIL                                                      Sampling Point:                         

Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

 Depth                    Matrix                                           Redox Features                             
 (inches)       Color (moist)            %       Color (moist)             %     Type1      Loc2        Texture                             Remarks                          

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        
1Type:  C=Concentration, D=Depletion, RM=Reduced Matrix, MS=Masked Sand Grains.           2Location:  PL=Pore Lining, M=Matrix.
Hydric Soil Indicators: Indicators for Problematic Hydric Soils3:

  Histosol (A1)   Dark Surface (S7)   2 cm Muck (A10) (MLRA 147)
  Histic Epipedon (A2)   Polyvalue Below Surface (S8) (MLRA 147, 148)        Coast Prairie Redox (A16)
  Black Histic (A3)    Thin Dark Surface (S9) (MLRA 147, 148)            (MLRA 147, 148)
  Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)   Piedmont Floodplain Soils (F19) 
  Stratified Layers (A5)   Depleted Matrix (F3) (MLRA 136, 147)
  2 cm Muck (A10) (LRR N)   Redox Dark Surface (F6)   Red Parent Material (TF2) 
  Depleted Below Dark Surface (A11)   Depleted Dark Surface (F7)   Very Shallow Dark Surface (TF12) 
  Thick Dark Surface (A12)   Redox Depressions (F8)   Other (Explain in Remarks) 
  Sandy Mucky Mineral (S1) (LRR N,        Iron-Manganese Masses (F12) (LRR N,

MLRA 147, 148)             MLRA 136)    
  Sandy Gleyed Matrix (S4)   Umbric Surface (F13) (MLRA 136, 122)    3Indicators of hydrophytic vegetation and 
  Sandy Redox (S5)   Piedmont Floodplain Soils (F19) (MLRA 148)        wetland hydrology must be present, 
  Stripped Matrix (S6)        unless disturbed or problematic.  

Restrictive Layer (if observed): 

     Type:                                                                  

     Depth (inches):                                                Hydric Soil Present?     Yes                 No             

Remarks: 
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US Army Corps of Engineers      Eastern Mountains and Piedmont – Interim Version 

WETLAND DETERMINATION DATA FORM – Eastern Mountains and Piedmont 

Project/Site:                                                                                             City/County:                                                           Sampling Date:                             

Applicant/Owner:                                                                                                                 State:                     Sampling Point:                        

Investigator(s):                                                                                         Section, Township, Range:                                                                                        

Landform (hillslope, terrace, etc.):                                                      Local relief (concave, convex, none):                                             Slope (%):                

Subregion (LRR or MLRA):                                      Lat:                                                        Long:                                                        Datum:                        

Soil Map Unit Name:                                                                                                                                        NWI classification:                                              

Are climatic / hydrologic conditions on the site typical for this time of year?  Yes               No   (If no, explain in Remarks.)  

Are Vegetation            , Soil , or Hydrology              significantly disturbed?            Are “Normal Circumstances” present?   Yes               No             

Are Vegetation            , Soil , or Hydrology              naturally problematic?             (If needed, explain any answers in Remarks.) 

SUMMARY OF FINDINGS –  Attach site map showing sampling point locations, transects, important features, etc. 

Hydrophytic Vegetation Present? Yes                 No              

Hydric Soil Present?  Yes                 No              

Wetland Hydrology Present? Yes                 No              

Is the Sampled Area 
within a Wetland?                 Yes                   No               

Remarks:  

HYDROLOGY 
Wetland Hydrology Indicators:  Secondary Indicators (minimum of two required)

Primary Indicators (minimum of one is required; check all that apply)                                                           Surface Soil Cracks (B6) 

  Surface Water (A1)   True Aquatic Plants (B14)   Sparsely Vegetated Concave Surface (B8) 

  High Water Table (A2)   Hydrogen Sulfide Odor (C1)   Drainage Patterns (B10) 

  Saturation (A3)   Oxidized Rhizospheres on Living Roots (C3)        Moss Trim Lines (B16) 

  Water Marks (B1)   Presence of Reduced Iron (C4)   Dry-Season Water Table (C2) 

  Sediment Deposits (B2)   Recent Iron Reduction in Tilled Soils (C6)        Crayfish Burrows (C8) 

  Drift Deposits (B3)   Thin Muck Surface (C7)   Saturation Visible on Aerial Imagery (C9) 

  Algal Mat or Crust (B4)   Other (Explain in Remarks)   Stunted or Stressed Plants (D1) 

  Iron Deposits (B5)   Geomorphic Position (D2) 

  Inundation Visible on Aerial Imagery (B7)    Shallow Aquitard (D3) 

  Water-Stained Leaves (B9)   Microtopographic Relief (D4) 

  Aquatic Fauna (B13)   FAC-Neutral Test (D5) 

Field Observations: 

Surface Water Present? Yes             No             Depth (inches):                           

Water Table Present?  Yes             No             Depth (inches):                           

Saturation Present?    Yes             No             Depth (inches):                         
(includes capillary fringe) 

Wetland Hydrology Present?    Yes                 No             

Describe Recorded Data (stream gauge, monitoring well, aerial photos, previous inspections), if available: 

Remarks:  
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US Army Corps of Engineers      Eastern Mountains and Piedmont – Interim Version 

VEGETATION (Four Strata) – Use scientific names of plants.     Sampling Point:

                          Absolute    Dominant  Indicator 
Tree Stratum  (Plot size:                               )                         % Cover    Species?    Status

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

7.                                                                                                                            

8.                                                                                                                            

                                                                                                               = Total Cover 
Sapling/Shrub Stratum  (Plot size:                               ) 

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

7.                                                                                                                            

8.                                                                                                                            

9.                                                                                                                            

10.                                                                                                                          

                                                                                                               = Total Cover 
Herb Stratum  (Plot size:                               ) 

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

7.                                                                                                                            

8.                                                                                                                            

9.                                                                                                                            

10.                                                                                                                          

11.                                                                                                                          

12.                                                                                                                          

                                                                                                               = Total Cover 
Woody Vine Stratum  (Plot size:  ) 

1.                                                                                                                            

2.                                                                                                                            

3.                                                                                                                            

4.                                                                                                                            

5.                                                                                                                            

6.                                                                                                                            

                                                                                                               = Total Cover 

Dominance Test worksheet: 

Number of Dominant Species   
That Are OBL, FACW, or FAC:                              (A) 

Total Number of Dominant    
Species Across All Strata:                               (B) 

Percent of Dominant Species 
That Are OBL, FACW, or FAC:                              (A/B) 

Prevalence Index worksheet: 

       Total % Cover of:                    Multiply by:       

OBL species                        x 1 =                      

FACW species                        x 2 =                      

FAC species                        x 3 =                      

FACU species                        x 4 =                      

UPL species                        x 5 =                      

Column Totals:                        (A)                          (B) 

         Prevalence Index  = B/A =                             

Hydrophytic Vegetation Indicators: 

  1 - Rapid Test for Hydrophytic Vegetation  

  2 - Dominance Test is >50% 

  3 - Prevalence Index is 3.01

  4 - Morphological Adaptations1 (Provide supporting 
            data in Remarks or on a separate sheet) 

  Problematic Hydrophytic Vegetation1 (Explain) 

1Indicators of hydric soil and wetland hydrology must 
be present, unless disturbed or problematic. 

Definitions of Four Vegetation Strata: 

Tree – Woody plants, excluding vines, 3 in. (7.6 cm) or 
more in diameter at breast height (DBH), regardless of 
height.

Sapling/Shrub – Woody plants, excluding vines, less 
than 3 in. DBH and greater than 3.28 ft (1 m) tall. 

Herb – All herbaceous (non-woody) plants, regardless 
of size, and woody plants less than 3.28 ft tall. 

Woody vine – All woody vines greater than 3.28 ft in 
height.

Hydrophytic  
Vegetation 
Present?                 Yes                 No             

Remarks:  (Include photo numbers here or on a separate sheet.) 
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US Army Corps of Engineers      Eastern Mountains and Piedmont – Interim Version 

SOIL                                                      Sampling Point:                         

Profile Description:  (Describe to the depth needed to document the indicator or confirm the absence of indicators.) 

 Depth                    Matrix                                           Redox Features                             
 (inches)       Color (moist)            %       Color (moist)             %     Type1      Loc2        Texture                             Remarks                          

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        

                                                                                                                                                                        
1Type:  C=Concentration, D=Depletion, RM=Reduced Matrix, MS=Masked Sand Grains.           2Location:  PL=Pore Lining, M=Matrix.
Hydric Soil Indicators: Indicators for Problematic Hydric Soils3:

  Histosol (A1)   Dark Surface (S7)   2 cm Muck (A10) (MLRA 147)
  Histic Epipedon (A2)   Polyvalue Below Surface (S8) (MLRA 147, 148)        Coast Prairie Redox (A16)
  Black Histic (A3)    Thin Dark Surface (S9) (MLRA 147, 148)            (MLRA 147, 148)
  Hydrogen Sulfide (A4)   Loamy Gleyed Matrix (F2)   Piedmont Floodplain Soils (F19) 
  Stratified Layers (A5)   Depleted Matrix (F3) (MLRA 136, 147)
  2 cm Muck (A10) (LRR N)   Redox Dark Surface (F6)   Red Parent Material (TF2) 
  Depleted Below Dark Surface (A11)   Depleted Dark Surface (F7)   Very Shallow Dark Surface (TF12) 
  Thick Dark Surface (A12)   Redox Depressions (F8)   Other (Explain in Remarks) 
  Sandy Mucky Mineral (S1) (LRR N,        Iron-Manganese Masses (F12) (LRR N,

MLRA 147, 148)             MLRA 136)    
  Sandy Gleyed Matrix (S4)   Umbric Surface (F13) (MLRA 136, 122)    3Indicators of hydrophytic vegetation and 
  Sandy Redox (S5)   Piedmont Floodplain Soils (F19) (MLRA 148)        wetland hydrology must be present, 
  Stripped Matrix (S6)        unless disturbed or problematic.  

Restrictive Layer (if observed): 

     Type:                                                                  

     Depth (inches):                                                Hydric Soil Present?     Yes                 No             

Remarks: 
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NCDWQ Stream Classifi cation Forms









Poplin Ridge Stream Form Summary Table

USACE Form NC DWQ

Score Rating
UT1-R1 (Pres) 41 58 76 Fair
UT1-R1 (Enh) 45 38 66 Good

UT1-R2 42 52 78 Fair
UT1-R3 32 40 87 Fair
UT1-R4 32 27 117 Poor
UT1-A 41 36 72 Fair

UT1-B (Pres) 53 67 58 Good
UT1-B (Enh) 41 53 82 Fair

UT1-C 48 61 62 Good
UT2-R1 62 56 65 Good
UT2-R2 25 1 132 Poor
UT2-R3 31 37 101 Poor
UT2-R4 31 27 113 Poor
UT2-A 26 25 86 Fair

Reference Site 71 83 37 Good

Stream Quality 
Assessment Worksheet

DWQ Stream Habitat 
Evaluation Form

Stream Reach
Stability Assessment 

Form



 

USACE AID#  DWQ #  Site #   (indicate on attached map)

STREAM QUALITY ASSESSMENT WORKSHEET  

 
Provide the following information for the stream reach under assessment: 

1. Applicant’s name:   2. Evaluator’s name:    

3. Date of evaluation:   4. Time of evaluation:   

5. Name of stream:   6. River basin:   

7. Approximate drainage area:   8. Stream order:   

9. Length of reach evaluated:   10. County:   

11. Site coordinates (if known):  prefer in decimal degrees.  12. Subdivision name (if any):   

Latitude (ex. 34.872312):      Longitude (ex. –77.556611):   

Method location determined (circle):     GPS     Topo Sheet     Ortho (Aerial) Photo/GIS   Other GIS     Other   _______ 
13. Location of reach under evaluation (note nearby roads and landmarks and attach map identifying stream(s) location):   

  

14. Proposed channel work (if any):   

15. Recent weather conditions:   

16. Site conditions at time of visit:   

17. Identify any special waterway classifications known:   Section 10  Tidal Waters  Essential Fisheries Habitat  

 Trout Waters  Outstanding Resource Waters   Nutrient Sensitive Waters  Water Supply Watershed  (I-IV) 

18. Is there a pond or lake located upstream of the evaluation point?   YES   NO   If yes, estimate the water surface area:  

19. Does channel appear on USGS quad map?   YES   NO     20. Does channel appear on USDA Soil Survey?   YES   NO 

21. Estimated watershed land use:  % Residential  % Commercial  % Industrial  % Agricultural 

  % Forested  % Cleared / Logged  % Other ( ) 

22. Bankfull width:   23. Bank height (from bed to top of bank):  

24. Channel slope down center of stream:  Flat (0 to 2%)  Gentle (2 to 4%)  Moderate (4 to 10%)  Steep (>10%)  

25. Channel sinuosity:  Straight  Occasional bends  Frequent meander  Very sinuous  Braided channel 

Instructions for completion of worksheet (located on page 2):  Begin by determining the most appropriate ecoregion based on 
location, terrain, vegetation, stream classification, etc.  Every characteristic must be scored using the same ecoregion.  Assign points 
to each characteristic within the range shown for the ecoregion.  Page 3 provides a brief description of how to review the 
characteristics identified in the worksheet.  Scores should reflect an overall assessment of the stream reach under evaluation.  If a 
characteristic cannot be evaluated due to site or weather conditions, enter 0 in the scoring box and provide an explanation in the 
comment section.  Where there are obvious changes in the character of a stream under review (e.g., the stream flows from a pasture 
into a forest), the stream may be divided into smaller reaches that display more continuity, and a separate form used to evaluate each 
reach.  The total score assigned to a stream reach must range between 0 and 100, with a score of 100 representing a stream of the 
highest quality.   
  
Total Score  (from reverse):  Comments:  
  
  
  
  
 
Evaluator’s Signature  Date  
This channel evaluation form is intended to be used only as a guide to assist landowners and environmental professionals in 
gathering the data required by the United States Army Corps of Engineers to make a preliminary assessment of stream 
quality.  The total score resulting from the completion of this form is subject to USACE approval and does not imply a 
particular mitigation ratio or requirement.  Form subject to change – version 06/03.  To Comment, please call 919-876-8441 x 26. 
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STREAM QUALITY ASSESSMENT WORKSHEET 
 

ECOREGION POINT RANGE # CHARACTERISTICS Coastal Piedmont Mountain 
SCORE

1 Presence of flow / persistent pools in stream 
(no flow or saturation = 0; strong flow = max points) 0 – 5 0 – 4 0 – 5  

2 Evidence of past human alteration 
(extensive alteration = 0; no alteration = max points) 0 – 6 0 – 5 0 – 5  

3 Riparian zone  
(no buffer = 0; contiguous, wide buffer = max points) 0 – 6 0 – 4 0 – 5  

4 Evidence of nutrient or chemical discharges 
(extensive discharges = 0; no discharges = max points) 0 – 5 0 – 4 0 – 4  

5 Groundwater discharge 
(no discharge = 0; springs, seeps, wetlands, etc. = max points) 0 – 3 0 – 4 0 – 4  

6 Presence of adjacent floodplain 
(no floodplain = 0; extensive floodplain = max points) 0 – 4 0 – 4 0 – 2  

7 Entrenchment / floodplain access 
(deeply entrenched = 0; frequent flooding = max points) 0 – 5 0 – 4 0 – 2  

8 Presence of adjacent wetlands 
(no wetlands = 0; large adjacent wetlands = max points) 0 – 6 0 – 4 0 – 2  

9 Channel sinuosity 
(extensive channelization = 0; natural meander = max points) 0 – 5 0 – 4 0 – 3  

10 Sediment input 
(extensive deposition= 0; little or no sediment = max points) 0 – 5 0 – 4 0 – 4  

PH
Y

SI
C

A
L

 

11 Size & diversity of channel bed substrate 
(fine, homogenous = 0; large, diverse sizes = max points) NA* 0 – 4 0 – 5  

12 Evidence of channel incision or widening 
(deeply incised = 0; stable bed & banks = max points) 0 – 5 0 – 4 0 – 5  

13 Presence of major bank failures 
(severe erosion = 0; no erosion, stable banks = max points) 0 – 5 0 – 5 0 – 5  

14 Root depth and density on banks 
(no visible roots = 0; dense roots throughout = max points) 0 – 3 0 – 4 0 – 5  

ST
A

B
IL

IT
Y

 

15 Impact by agriculture,  livestock, or timber  production 
(substantial impact =0; no evidence = max points) 0 – 5 0 – 4 0 – 5  

16 Presence of riffle-pool/ripple-pool complexes 
(no riffles/ripples or pools = 0; well-developed = max points) 0 – 3 0 – 5 0 – 6  

17 Habitat complexity 
(little or no habitat = 0; frequent, varied habitats = max points) 0 – 6 0 – 6 0 – 6  

18 Canopy coverage over streambed 
(no shading vegetation = 0; continuous canopy = max points) 0 – 5 0 – 5 0 – 5  

H
A

B
IT

A
T

 

19 Substrate embeddedness 
(deeply embedded = 0; loose structure = max) NA* 0 – 4 0 – 4  

20 Presence of stream invertebrates (see page 4) 
(no evidence = 0; common, numerous types = max points) 0 – 4 0 – 5 0 – 5  

21 Presence of amphibians 
(no evidence = 0; common, numerous types = max points) 0 – 4 0 – 4 0 – 4  

22 Presence of fish 
(no evidence = 0; common, numerous types = max points) 0 – 4 0 – 4 0 – 4  

B
IO

L
O

G
Y

 

23 Evidence of wildlife use 
(no evidence = 0; abundant evidence = max points) 0 – 6 0 – 5 0 – 5  

Total Points Possible 100 100 100  

TOTAL SCORE  (also enter on first page)  

* These characteristics are not assessed in coastal streams. 
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Transect

1 4.0 7 11.9 22 16.9 21 2.3 12 6.0 10

2 28.0 47 2.6 9 24.5 35 12.5 25 32.0 80

3 6.9 9 8.6 31 9.0 30 1.5 30 22.0 55

4 0.0 0 21.5 86 5.2 13 6.8 15 30.0 60

5 0.0 0 14.7 37 3.6 11 14.0 35 54.0 90

6 2.0 7 28.8 82 5.0 11 12.3 35 27.0 90

7 1.2 1 16.2 68 8.6 17 1.9 11 22.2 74

8 29.0 41 34.1 79 8.8 18 2.5 10 15.0 50

9 5.2 10 26.0 87 10.9 22 8.8 22 40.0 80

10 0.0 0 40.5 90 3.1 6 16.0 40 28.0 80

23%

18%

30%

15%

35%

67%

90%

78%

54%

‐‐‐

59%

56%

20%

81%

‐‐‐

18%

14%

11%

22%

‐‐‐

Overall Fish Coverage

Pool Fish Coverage

Riffle Fish Coverage

Run Fish Coverage

Glide Fish Coverage

12%

17%

2%

24%

9%

UT1‐B Enh.
Total Fish 

Cover (ft²)

Percent 

Coverage

UT2‐R4
Total Fish 

Cover (ft²)

Percent 

Coverage

UT1‐R2
Total Fish 

Cover (ft²)

Percent 

Coverage

UT1‐R4
Total Fish 

Cover (ft²)

Percent 

Coverage

Total Fish 

Cover (ft²)

Percent 

Coverage

Reference Reach



CHANNEL STABILITY ASSESSMENT FORM

Stability Indicator Excellent (1 -3 ) Good (4 - 6) Fair (7 - 9) Poor (10 - 12) Score
1. Watershed and flood plain 
activity and characteristics

Stable, forested, undisturbed 
watershed

Occasional minor disturbances in the 
watershed, including cattle activity 
(grazing and/or access to stream), 
construction, logging, or other minor 
deforestation.  Limited agricultural 
activities

Frequent disturbances in the 
watershed, including cattle activity, 
landslides, channel sand or gravel 
mining, logging, farming, or 
construction of buildings, roads, or 
other infrastructure.  Urbanization over 
significant portion of watershed

Continual disturbances in the 
watershed.  Significant cattle activity, 
landslides, channel sand or gravel 
mining, logging, farming, or 
construction of buildings, roads, or 
other infrastructure.  Highly urbanized 
or rapidly urbanizing watershed

2. Flow habit Perennial stream with no flashy 
behavior

Perennial stream or ephemeral first-
order stream with slightly increased 
rate of flooding

Perennial or intermittent stream with 
flashy behavior

Extremely flashy; flash floods prevalent 
mode of discharge; ephemeral stream 
other than first-order stream

3. Channel pattern Straight to meandering with low 
radius of curvature; primarily 
suspended load 

Meandering, moderate radius of 
curvature; mix of suspended and bed 
loads; well-maintained engineered 
channel 

Meandering with some braiding; 
tortuous meandering; primarily bed 
load; poorly maintained engineered 
channel 

Braided; primarily bed load; engineered 
channel that is maintained 

3. Channel pattern (revised) No evidence of channelization.  
Meandering, stable channel or 
straight (step-pool system, narrow 
valley), stable channel.

Appears to have previously been 
channelized.  Stream is relatively 
stable. Channel has some meanders 
due to previous channel adjustment.

Appears to have previously been 
channelized.  Stream is actively 
adjusting (meandering); localized 
areas of instability and/or erosion 
around bends. Straightened, stable 
channel.

Appears to have previously been 
channelized.  Stream is actively 
adjusting (laterally and/or vertically) 
with few bends.  Straight, unstable 
reach.

4. Entrenchment/ channel 
confinement

Active flood plain exists at top of 
banks; no sign of undercutting 
infrastructure; no levees

Active flood plain abandoned, but is 
currently rebuilding; minimal channel 
confinement; infrastructure not 
exposed; levees are low and set well 
back from the river

Moderate confinement in valley or 
channel walls; some exposure of 
infrastructure; terraces exist; flood 
plain abandoned; levees are moderate 
in size and have minimal setback from 
the river

Knickpoints visible downstream; 
exposed water lines or other 
infrastructure; channel-width-to-top-of-
banks ration small; deeply confined; no 
active flood plain; levees are high and 
along the channel edge

5.  Bed materia
Fs = approximate portion of 
sand in the bed

Assorted sized tightly packed, 
overlapping, and possibly imbricated. 
Most material > 4 mm.  Fs < 20%  

Moderately packed with some 
overlapping.  Very small amounts of 
material < 4 mm.  20 < Fs < 50% 

Loose assortment with no apparent 
overlap.  Small to medium amounts of 
material < 4 mm.  50 < Fs < 70%

Very loose assortment with no packing. 
Large amounts of material < 4 mm.  Fs 
> 70%

6.  Bar development For S < 0.02 and w/y > 12,   bars are 
mature, narrow relative to stream 
width at     low flow, well-vegetated, 
and composed of coarse gravel to 
cobbles.  For S > 0.02 and w/y are < 
12, no bars are evident

For S < 0.02 and w/y > 12,    bars 
may have vegetation and/or be 
composed of coarse gravel to 
cobbles, but minimal recent growth of 
bar evident     by lack of vegetation 
on  portions of the bar.  For S > 0.02 
and w/y <12, no bars are evident

For S < 0.02 and w/y > 12, bar widths 
tend to be wide and composed of 
newly deposited coarse sand to small 
cobbles and/or may be sparsely 
vegetated.  Bars forming for  S > 0.02 
and w/y < 12

Bar widths are generally greater than 
1/2 the stream width at low flow.  Bars 
are composed of extensive deposits of 
fine particles up to coarse gravel with 
little to no vegetation.  No bars for S < 
0.02 and w/y > 12

7.  Obstructions, including 
bedrock outcrops, armor layer, 
LWD jams, grade control, bridge 
bed paving, revetments, dikes 
or vanes, riprap

Rare or not present Occasional, causing cross currents 
and minor bank and bottom erosion

Moderately frequent and occasionally 
unstable obstructions, cause 
noticeable erosion of the channel.  
Considerable sediment accumulation 
behind obstructions

Frequent and often unstable, causing a 
continual shift of sediment and flow.  
Traps are easily filled, causing channel 
to migrate and/or widen

8.  Bank soil texture and 
coherence

Clay and silty clay; cohesive material Clay loam to sandy clay loam; minor 
amounts of noncohesive or 
unconsolidated mixtures; layers may 
exist, but are cohesive materials

Sandy clay to sandy loam; 
unconsolidated mixtures of glacial or 
other materials; small layers and 
lenses of noncohesive or 
unconsolidated mixtures

Loamy sand to sand; noncohesive 
material; unconsolidated mixtures of 
glacial or other materials; layers of 
lenses that include noncohesive sands 
and gravels

9.  Average bank slope angle 
(where 90° is a vertical bank)

Bank slopes < 3H:1V (18°) for 
noncohesive or unconsolidated 
materials to < 1:1 (45°) in clays on 
both sides

Bank slopes up to 2H:1V (27°) in 
noncohesive or unconsolidated 
materials to 0.8:1 (50°) in clays on 
one or occasionally both banks

Bank slopes to 1H:1V (45°) in 
noncohesive or unconsolidated 
materials to 0.6:1 (60°) in clays 
common on one or both banks

Bank slopes over 45° in noncohesive 
or unconsolidated materials or over 60° 
in clays common on one or both banks

10.  Vegetative or engineered 
bank protection

Wide band of woody vegetation with 
at least 90% density and cover.  
Primarily hard wood, leafy, 
deciduous trees with mature, 
healthy, and diverse vegetation 
located on the bank.  Woody 
vegetation oriented vertically.  In 
absence of vegetation, both banks 
are lined or heavily armored

Medium band of woody vegetation 
with 70-90% plant density and cover. 
A majority of hard wood, leafy, 
deciduous trees with maturing, 
diverse vegetation located on the 
bank.  Wood vegetation oriented 80-
90% from horizontal with minimal 
root exposure.  Partial lining or 
armoring of one or both banks

Small band of woody vegetation with 
50-70% plant density and cover.  A 
majority of soft wood, piney, 
coniferous trees with young or old 
vegetation lacking in diversity located 
on or near the top of bank.  Woody 
vegetation oriented at 70-80% from 
horizontal, often with evident root 
exposure.  No lining of banks, but 
some armoring may be in place on 
one bank

Woody vegetation band may vary 
depending on age and health with less 
than 50% plant density and cover.  
Primarily soft wood, piney, coniferous 
trees with very young, old and dying, 
and/or monostand vegetation located 
off of the bank.  Woody vegetation 
oriented at less than 70% from 
horizontal with extensive root 
exposure.  No lining or armoring of 
banks

11.  Bank cutting Little or none evident.  Infrequent raw 
banks, insignificant percentage of 
total bank

Some intermittently along channel 
bends and at prominent 
constrictions.  Raw banks comprise 
minor portion of bank in vertical 
direction

Significant and frequent on both 
banks.  Raw banks comprise large 
portion of bank in vertical direction.  
Root mat overhangs

Almost continuous cuts on both banks, 
some extending over most of the 
banks.  Undercutting and sod-root 
overhangs

12.  Mass wasting or bank 
failure

No or little evidence of potential or 
very small amounts of mass wasting. 
Uniform channel width over the 
entire reach

Evidence of infrequent and/or minor 
mass wasting.  Mostly healed over 
with vegetation.  Relatively constant 
channel width and minimal scalloping 
of banks

Evidence of frequent and/or significant 
occurrences of mass wasting that can 
be aggravated by higher flows, which 
may cause undercutting and mass 
wasting of unstable banks.  Channel 
width quite irregular, and scalloping of 
banks is evident

Frequent and extensive mass wasting.  
The potential for bank failure, as 
evidenced by tension cracks, massive 
undercuttings, and bank slumping is 
considerable.  Channel width is highly 
irregular, and banks are scalloped

13.  Upstream distance to bridge 
from meander impact point and 
alignment

More than 35 m; bridge is well-
aligned with river flow

20-35 m; bridge is aligned with flow 10-20 m; bridge is skewed to flow, or 
flow alignment is otherwise not 
centered beneath bridge

Less than 10 m; bridge is poorly 
aligned with flow

Total Score
H = horizontal, V = vertical, Fs = fraction of sand, S = slope, w/y = width-to-depth ratio
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Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.
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This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data
Resources, Inc. It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from
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environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor
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Environmental Site Assessment performed by an environmental professional can provide information regarding the environmental risk for any
property. Additionally, the information provided in this Report is not to be construed as legal advice.
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EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other
trademarks used herein are the property of their respective owners.
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A search of available environmental records was conducted by Environmental Data Resources, Inc (EDR).
The report was designed to assist parties seeking to meet the search requirements of EPA’s Standards
and Practices for All Appropriate Inquiries (40 CFR Part 312), the ASTM Standard Practice for
Environmental Site Assessments (E 1527-05) or custom requirements developed for the evaluation of
environmental risk associated with a parcel of real estate.

TARGET PROPERTY INFORMATION

ADDRESS

POPLIN RIDGE/SECREST SHORT CUT ROAD
MONROE, NC 28110

COORDINATES

35.0548000 - 35˚ 3’ 17.28’’Latitude (North): 
80.5729000 - 80˚ 34’ 22.44’’Longitude (West): 
Zone 17Universal Tranverse Mercator: 
538948.6UTM X (Meters): 
3879005.8UTM Y (Meters): 
588 ft. above sea levelElevation:

USGS TOPOGRAPHIC MAP ASSOCIATED WITH TARGET PROPERTY

35080-A5 BAKERS, NCTarget Property Map:
1987Most Recent Revision:

AERIAL PHOTOGRAPHY IN THIS REPORT

2009, 2010Portions of Photo from:
USDASource:

TARGET PROPERTY SEARCH RESULTS

The target property was not listed in any of the databases searched by EDR.

DATABASES WITH NO MAPPED SITES

No mapped sites were found in EDR’s search of available ("reasonably ascertainable ") government
records either on the target property or within the search radius around the target property for the
following databases:

STANDARD ENVIRONMENTAL RECORDS

Federal NPL site list

NPL National Priority List
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Proposed NPL Proposed National Priority List Sites
NPL LIENS Federal Superfund Liens

Federal Delisted NPL site list

Delisted NPL National Priority List Deletions

Federal CERCLIS list

CERCLIS Comprehensive Environmental Response, Compensation, and Liability Information System
FEDERAL FACILITY Federal Facility Site Information listing

Federal CERCLIS NFRAP site List

CERC-NFRAP CERCLIS No Further Remedial Action Planned

Federal RCRA CORRACTS facilities list

CORRACTS Corrective Action Report

Federal RCRA non-CORRACTS TSD facilities list

RCRA-TSDF RCRA - Treatment, Storage and Disposal

Federal RCRA generators list

RCRA-LQG RCRA - Large Quantity Generators
RCRA-SQG RCRA - Small Quantity Generators
RCRA-CESQG RCRA - Conditionally Exempt Small Quantity Generator

Federal institutional controls / engineering controls registries

US ENG CONTROLS Engineering Controls Sites List
US INST CONTROL Sites with Institutional Controls

Federal ERNS list

ERNS Emergency Response Notification System

State- and tribal - equivalent NPL

NC HSDS Hazardous Substance Disposal Site

State- and tribal - equivalent CERCLIS

SHWS Inactive Hazardous Sites Inventory

State and tribal landfill and/or solid waste disposal site lists

SWF/LF List of Solid Waste Facilities
OLI Old Landfill Inventory

State and tribal leaking storage tank lists

LUST Regional UST Database
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LUST TRUST State Trust Fund Database
LAST Leaking Aboveground Storage Tanks
INDIAN LUST Leaking Underground Storage Tanks on Indian Land

State and tribal registered storage tank lists

UST Petroleum Underground Storage Tank Database
AST AST Database
INDIAN UST Underground Storage Tanks on Indian Land
FEMA UST Underground Storage Tank Listing

State and tribal institutional control / engineering control registries

INST CONTROL No Further Action Sites With Land Use Restrictions Monitoring

State and tribal voluntary cleanup sites

INDIAN VCP Voluntary Cleanup Priority Listing
VCP Responsible Party Voluntary Action Sites

State and tribal Brownfields sites

BROWNFIELDS Brownfields Projects Inventory

ADDITIONAL ENVIRONMENTAL RECORDS

Local Brownfield lists

US BROWNFIELDS A Listing of Brownfields Sites

Local Lists of Landfill / Solid Waste Disposal Sites

DEBRIS REGION 9 Torres Martinez Reservation Illegal Dump Site Locations
ODI Open Dump Inventory
SWRCY Recycling Center Listing
HIST LF Solid Waste Facility Listing
INDIAN ODI Report on the Status of Open Dumps on Indian Lands

Local Lists of Hazardous waste / Contaminated Sites

US CDL Clandestine Drug Labs
US HIST CDL National Clandestine Laboratory Register

Local Land Records

LIENS 2 CERCLA Lien Information
LUCIS Land Use Control Information System

Records of Emergency Release Reports

HMIRS Hazardous Materials Information Reporting System

Other Ascertainable Records

RCRA-NonGen RCRA - Non Generators
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DOT OPS Incident and Accident Data
DOD Department of Defense Sites
FUDS Formerly Used Defense Sites
CONSENT Superfund (CERCLA) Consent Decrees
ROD Records Of Decision
UMTRA Uranium Mill Tailings Sites
MINES Mines Master Index File
TRIS Toxic Chemical Release Inventory System
TSCA Toxic Substances Control Act
FTTS FIFRA/ TSCA Tracking System - FIFRA (Federal Insecticide, Fungicide, & Rodenticide
                                                Act)/TSCA (Toxic Substances Control Act)
HIST FTTS FIFRA/TSCA Tracking System Administrative Case Listing
SSTS Section 7 Tracking Systems
ICIS Integrated Compliance Information System
PADS PCB Activity Database System
MLTS Material Licensing Tracking System
RADINFO Radiation Information Database
FINDS Facility Index System/Facility Registry System
RAATS RCRA Administrative Action Tracking System
IMD Incident Management Database
UIC Underground Injection Wells Listing
DRYCLEANERS Drycleaning Sites
NPDES NPDES Facility Location Listing
INDIAN RESERV Indian Reservations
SCRD DRYCLEANERS State Coalition for Remediation of Drycleaners Listing
PCB TRANSFORMER PCB Transformer Registration Database
COAL ASH EPA Coal Combustion Residues Surface Impoundments List
EPA WATCH LIST EPA WATCH LIST
COAL ASH DOE Sleam-Electric Plan Operation Data
2020 CORRECTIVE ACTION 2020 Corrective Action Program List
FINANCIAL ASSURANCE Financial Assurance Information Listing
COAL ASH Coal Ash Disposal Sites

EDR PROPRIETARY RECORDS

EDR Proprietary Records

Manufactured Gas Plants EDR Proprietary Manufactured Gas Plants

SURROUNDING SITES: SEARCH RESULTS

Surrounding sites were not identified.

Unmappable (orphan) sites are not considered in the foregoing analysis.
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Due to poor or inadequate address information, the following sites were not mapped. Count: 40 records. 

Site Name  Database(s)____________  ____________

USB RECYCLING.COM  SWRCY
CITY OF MONROE ASPHALT PLANT (FORM  IMD,LAST
MOUNTAINTOP RV & MARINE  LAST
STOUT INTERNATIONAL OF NC, INC  HWS
SCOVILL INC/SECURITY PRODUCTS  VCP,HWS
SOMETHING OLD, SOMETHING NEW  IMD,LUST
COOK GROCERY STORE  LUST TRUST,LUST
WOODS GOODS-DOT  IMD,LUST
GREY’S GROCERY  LUST
YALE NORTON  IMD,LUST
BOREN BRICK - 5000 H.O.  IMD,LUST
MONROE MALL  IMD,LUST
ROY WALTERS PROPERTY/NCDOT#10  IMD,LUST
BARRY HELMS RESIDENCE  IMD,LUST
MOUNTAIN TOP RV & MARINE  LUST
CHARLOTTE PLASTICS - MONROE  IMD,LUST
TELEDYNE EAST (FORMER STOUT INTERN  IMD,LUST
LAKE LEE GROCERY-NCDOT  IMD,LUST
NEWELL HELMS RESIDENCE  LUST
CROWN NC - 632  LUST TRUST
DALE YOUNTS SERVICE STATION  UST
QUIKTRIP 1054  UST
WILKERSON GROCERY  UST
GREY’S GROCERY  UST
LAKE LEE SERVICE & GROCERY  UST
GIMCO INTERNATIONAL, INC.  UST
CATAWBA OIL COMPANY, INC.  UST
MILLS GULF SERVICE  UST
HELMS PROPERTY  UST
BOREN CLAY PRODUCTS  UST
BOREN CLAY PRODUCTS  UST
601 S TRUCK STOP (DIXIE LAND)  UST
TARGET STORE #2074  RCRA-LQG
M & P BODY SHOP  RCRA-NLR
TIRE KINGDOM #165  RCRA-CESQG
COOK GROCERY STORE  IMD
GREY’S GROCERY  IMD
BOREN BRICK CO.  IMD
BOREN BRICK-MONROE  IMD
NEWELL HELMS RESIDENCE  IMD

http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X2Cm427pi5vOM5AFn6efR4xvf2L.aAWVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi4vOM5AFnAefR6xvf1L.a2WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X2Cm417pi7vOM3AFnAefR3xvf8L.a7WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm497pi7vOM4AFn2efR8xvf2L.a1WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm447pi6vOM6AFn5efR6xvf5L.a9WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm467pi9vOMAAFn5efR7xvf3L.a9WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi5vOMAAFn6efR6xvf8L.a6WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm467pi8vOM7AFn5efR8xvf2L.a4WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm4A7pi6vOM1AFn5efR3xvf8L.a8WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm467pi8vOM1AFn3efRAxvf9L.a5WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi3vOM1AFn5efR5xvf1L.a7WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm467pi8vOM1AFn3efRAxvf7L.a9WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi8vOMAAFnAefR6xvf6L.a9WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm457pi2vOM6AFn8efR3xvf1L.a1WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm4A7pi2vOM7AFn5efR5xvf4L.a7WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm437pi4vOM3AFn9efR5xvf7L.a1WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi8vOMAAFnAefR6xvf3L.aAWVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm437pi1vOM9AFnAefR8xvf2L.a5WVg1
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MAP FINDINGS SUMMARY

Search
TargetDistance Total

Database Property(Miles) < 1/8 1/8 - 1/4 1/4 - 1/2 1/2 - 1 > 1 Plotted

STANDARD ENVIRONMENTAL RECORDS

Federal NPL site list

    0  NR     0      0      0    0 1.000NPL
    0  NR     0      0      0    0 1.000Proposed NPL
    0  NR   NR    NR    NR  NR   TPNPL LIENS

Federal Delisted NPL site list

    0  NR     0      0      0    0 1.000Delisted NPL

Federal CERCLIS list

    0  NR   NR      0      0    0 0.500CERCLIS
    0  NR     0      0      0    0 1.000FEDERAL FACILITY

Federal CERCLIS NFRAP site List

    0  NR   NR      0      0    0 0.500CERC-NFRAP

Federal RCRA CORRACTS facilities list

    0  NR     0      0      0    0 1.000CORRACTS

Federal RCRA non-CORRACTS TSD facilities list

    0  NR   NR      0      0    0 0.500RCRA-TSDF

Federal RCRA generators list

    0  NR   NR    NR      0    0 0.250RCRA-LQG
    0  NR   NR    NR      0    0 0.250RCRA-SQG
    0  NR   NR    NR      0    0 0.250RCRA-CESQG

Federal institutional controls /
engineering controls registries

    0  NR   NR      0      0    0 0.500US ENG CONTROLS
    0  NR   NR      0      0    0 0.500US INST CONTROL

Federal ERNS list

    0  NR   NR    NR    NR  NR   TPERNS

State- and tribal - equivalent NPL

    0  NR     0      0      0    0 1.000NC HSDS

State- and tribal - equivalent CERCLIS

    0  NR     0      0      0    0 1.000SHWS

State and tribal landfill and/or
solid waste disposal site lists

    0  NR   NR      0      0    0 0.500SWF/LF
    0  NR   NR      0      0    0 0.500OLI

State and tribal leaking storage tank lists

    0  NR   NR      0      0    0 0.500LUST

TC3337526.10s   Page 4



MAP FINDINGS SUMMARY

Search
TargetDistance Total

Database Property(Miles) < 1/8 1/8 - 1/4 1/4 - 1/2 1/2 - 1 > 1 Plotted

    0  NR   NR      0      0    0 0.500LUST TRUST
    0  NR   NR      0      0    0 0.500LAST
    0  NR   NR      0      0    0 0.500INDIAN LUST

State and tribal registered storage tank lists

    0  NR   NR    NR      0    0 0.250UST
    0  NR   NR    NR      0    0 0.250AST
    0  NR   NR    NR      0    0 0.250INDIAN UST
    0  NR   NR    NR      0    0 0.250FEMA UST

State and tribal institutional
control / engineering control registries

    0  NR   NR      0      0    0 0.500INST CONTROL

State and tribal voluntary cleanup sites

    0  NR   NR      0      0    0 0.500INDIAN VCP
    0  NR   NR      0      0    0 0.500VCP

State and tribal Brownfields sites

    0  NR   NR      0      0    0 0.500BROWNFIELDS

ADDITIONAL ENVIRONMENTAL RECORDS

Local Brownfield lists

    0  NR   NR      0      0    0 0.500US BROWNFIELDS

Local Lists of Landfill / Solid
Waste Disposal Sites

    0  NR   NR      0      0    0 0.500DEBRIS REGION 9
    0  NR   NR      0      0    0 0.500ODI
    0  NR   NR      0      0    0 0.500SWRCY
    0  NR   NR      0      0    0 0.500HIST LF
    0  NR   NR      0      0    0 0.500INDIAN ODI

Local Lists of Hazardous waste /
Contaminated Sites

    0  NR   NR    NR    NR  NR   TPUS CDL
    0  NR   NR    NR    NR  NR   TPUS HIST CDL

Local Land Records

    0  NR   NR    NR    NR  NR   TPLIENS 2
    0  NR   NR      0      0    0 0.500LUCIS

Records of Emergency Release Reports

    0  NR   NR    NR    NR  NR   TPHMIRS

Other Ascertainable Records

    0  NR   NR    NR      0    0 0.250RCRA-NonGen
    0  NR   NR    NR    NR  NR   TPDOT OPS
    0  NR     0      0      0    0 1.000DOD
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MAP FINDINGS SUMMARY

Search
TargetDistance Total

Database Property(Miles) < 1/8 1/8 - 1/4 1/4 - 1/2 1/2 - 1 > 1 Plotted

    0  NR     0      0      0    0 1.000FUDS
    0  NR     0      0      0    0 1.000CONSENT
    0  NR     0      0      0    0 1.000ROD
    0  NR   NR      0      0    0 0.500UMTRA
    0  NR   NR    NR      0    0 0.250MINES
    0  NR   NR    NR    NR  NR   TPTRIS
    0  NR   NR    NR    NR  NR   TPTSCA
    0  NR   NR    NR    NR  NR   TPFTTS
    0  NR   NR    NR    NR  NR   TPHIST FTTS
    0  NR   NR    NR    NR  NR   TPSSTS
    0  NR   NR    NR    NR  NR   TPICIS
    0  NR   NR    NR    NR  NR   TPPADS
    0  NR   NR    NR    NR  NR   TPMLTS
    0  NR   NR    NR    NR  NR   TPRADINFO
    0  NR   NR    NR    NR  NR   TPFINDS
    0  NR   NR    NR    NR  NR   TPRAATS
    0  NR   NR      0      0    0 0.500IMD
    0  NR   NR    NR    NR  NR   TPUIC
    0  NR   NR    NR      0    0 0.250DRYCLEANERS
    0  NR   NR    NR    NR  NR   TPNPDES
    0  NR     0      0      0    0 1.000INDIAN RESERV
    0  NR   NR      0      0    0 0.500SCRD DRYCLEANERS
    0  NR   NR    NR    NR  NR   TPPCB TRANSFORMER
    0  NR   NR      0      0    0 0.500COAL ASH EPA
    0  NR   NR    NR    NR  NR   TPEPA WATCH LIST
    0  NR   NR    NR    NR  NR   TPCOAL ASH DOE
    0  NR   NR    NR      0    0 0.2502020 CORRECTIVE ACTION
    0  NR   NR    NR    NR  NR   TPFINANCIAL ASSURANCE
    0  NR   NR      0      0    0 0.500COAL ASH

EDR PROPRIETARY RECORDS

EDR Proprietary Records

    0  NR     0      0      0    0 1.000Manufactured Gas Plants

NOTES:

   TP = Target Property

   NR = Not Requested at this Search Distance

   Sites may be listed in more than one database
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MAP FINDINGSMap ID
Direction

EDR ID NumberDistance
EPA ID NumberDatabase(s)SiteElevation

NO SITES FOUND
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ORPHAN SUMMARY

City EDR ID Site Name Site Address Zip Database(s)

Count: 40 records.

MONROE              1010323115 TARGET STORE #2074 2901 WEST HWY 74 28110 RCRA-LQG
MONROE              1010565441 M & P BODY SHOP 3213 HWY 74 W 28110 RCRA-NLR
MONROE              1014917385 TIRE KINGDOM #165 3842 W HWY 74 28110 RCRA-CESQG
MONROE              S102089551 BOREN BRICK-MONROE HWY. 74 EAST      IMD
MONROE              S102089714 LAKE LEE GROCERY-NCDOT 1700 BLOCK PAGELAND HWY 28110 IMD,LUST
MONROE              S102328460 CHARLOTTE PLASTICS - MONROE 4210 OLD CHAR. HWY 28110 IMD,LUST
MONROE              S103554548 SCOVILL INC/SECURITY PRODUCTS HWY 74 E      VCP,HWS
MONROE              S103718030 BOREN BRICK CO. HWY 74 E      IMD
MONROE              S104157189 NEWELL HELMS RESIDENCE US HIGHWAY 601      IMD
MONROE              S104157200 BARRY HELMS RESIDENCE 734 CONCORD HIGHWAY      IMD,LUST
MONROE              S105219283 CROWN NC - 632 1828 OLD CHARLOTTE HIGHWAY      LUST TRUST
MONROE              S105702968 MONROE MALL HWY 74      IMD,LUST
MONROE              S105702984 YALE NORTON HWY 74 EAST      IMD,LUST
MONROE              S105764673 COOK GROCERY STORE 3516 HWY. 218 EAST      IMD
MONROE              S105764713 WOODS GOODS-DOT HWY 601 S. @ WHITE STORE RD 28110 IMD,LUST
MONROE              S105894628 SOMETHING OLD, SOMETHING NEW HWY 200      IMD,LUST
MONROE              S106074734 GREY’S GROCERY HWY 601 @ OLD STEEL RD      IMD
MONROE              S106204406 BOREN BRICK - 5000 H.O. HWY 74 EAST      IMD,LUST
MONROE              S106349501 CITY OF MONROE ASPHALT PLANT (FORM HWY 74 & SUTHERLAND AVE. 28110 IMD,LAST
MONROE              S106495575 COOK GROCERY STORE 3516 HWY. 218 EAST 28110 LUST TRUST,LUST
MONROE              S106799529 TELEDYNE EAST (FORMER STOUT INTERN 2600 HWY 74 EAST 28110 IMD,LUST
MONROE              S106799558 ROY WALTERS PROPERTY/NCDOT#10 5400 BLOCK PAGELAND HWY      IMD,LUST
MONROE              S108631710 STOUT INTERNATIONAL OF NC, INC HIGHWAY 74 EAST      HWS
MONROE              S109164436 MOUNTAIN TOP RV & MARINE 4000 WEST HWY 74 28110 LUST
MONROE              S109504277 GREY’S GROCERY HWY 601 @ OLD STILL RD 28110 LUST
MONROE              S109504286 NEWELL HELMS RESIDENCE APPROX. 2220 US HWY 601 28110 LUST
MONROE              S110629276 MOUNTAINTOP RV & MARINE 4000 HIGHWAY 74 W. 28110 LAST
MONROE              S111445319 USB RECYCLING.COM 3301 HWY 74 EAST 28110 SWRCY
INDIAN TRAIL        U001190948 DALE YOUNTS SERVICE STATION HIGHWAY 74 28110 UST
MONROE              U001191137 LAKE LEE SERVICE & GROCERY HWY 601 S. 28110 UST
MONROE              U001191238 BOREN CLAY PRODUCTS CHARLOTTE HIGHWAY 28110 UST
MONROE              U001191292 CATAWBA OIL COMPANY, INC. HIGHWAY 74 & WHEELER STREET 28110 UST
MONROE              U001191396 601 S TRUCK STOP (DIXIE LAND) 5003 PAGELAND HIGHWAY US 601 S 28110 UST
MONROE              U001191621 GREY’S GROCERY HIGHWAY 601 NORTH 28110 UST
MONROE              U001192016 MILLS GULF SERVICE HWY 74 E 28110 UST
MONROE              U001204225 BOREN CLAY PRODUCTS BRICK YARK RD HWY 74E POB 5012 28110 UST
MONROE              U003134201 WILKERSON GROCERY ROUTE 6 28110 UST
MONROE              U003142910 HELMS PROPERTY HIGHWAY 74 & BAKERS X-ROADS 28110 UST
MONROE              U003295472 GIMCO INTERNATIONAL, INC. HIGHWAY 74 EAST 28110 UST
INDIAN TRAIL        U004187934 QUIKTRIP 1054 5650 WEST HIGHWAY 174 28110 UST

TC3337526.10s   Page 8

http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLm2cfC1O.X2Cm417pi4vOM3AFn4efR2xvf2L.a6WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLm2cfC1O.X2Cm417pi6vOM7AFn6efR5xvf5L.a2WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLm2cfC1O.X2Cm457piAvOM2AFn8efR4xvf9L.a6WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm437pi1vOM9AFnAefR6xvf6L.a2WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm437pi1vOM9AFnAefR8xvf2L.a5WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm437pi4vOM3AFn9efR5xvf7L.a1WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm447pi6vOM6AFn5efR6xvf5L.a9WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm447pi8vOM2AFn9efR1xvf4L.a1WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm457pi2vOM6AFn8efR2xvf9L.aAWVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm457pi2vOM6AFn8efR3xvf1L.a1WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm467pi3vOM2AFnAefR3xvf9L.a4WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm467pi8vOM1AFn3efRAxvf7L.a9WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm467pi8vOM1AFn3efRAxvf9L.a5WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm467pi8vOM7AFn5efR7xvf8L.a4WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm467pi8vOM7AFn5efR8xvf2L.a4WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm467pi9vOMAAFn5efR7xvf3L.a9WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi1vOM8AFn5efR8xvf4L.a5WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi3vOM1AFn5efR5xvf1L.a7WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi4vOM5AFnAefR6xvf1L.a2WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi5vOMAAFn6efR6xvf8L.a6WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi8vOMAAFnAefR6xvf3L.aAWVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm477pi8vOMAAFnAefR6xvf6L.a9WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm497pi7vOM4AFn2efR8xvf2L.a1WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm4A7pi2vOM7AFn5efR5xvf4L.a7WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm4A7pi6vOM1AFn5efR3xvf8L.a8WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X1Cm4A7pi6vOM1AFn5efR3xvf9L.a7WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X2Cm417pi7vOM3AFnAefR3xvf8L.a7WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmTcfC2O.X2Cm427pi5vOM5AFn6efR4xvf2L.aAWVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm427pi2vOMAAFn1efRAxvf5L.a9WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm427pi2vOMAAFn2efR2xvf4L.a8WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm427pi2vOMAAFn2efR3xvf4L.a9WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm427pi2vOMAAFn2efR3xvfAL.a3WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm427pi2vOMAAFn2efR4xvfAL.a7WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm427pi2vOMAAFn2efR7xvf3L.a2WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm427pi2vOMAAFn3efR1xvf2L.a7WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm427pi3vOM1AFn5efR3xvf3L.a6WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm447pi2vOM4AFn5efR3xvf1L.a2WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm447pi2vOM5AFn3efRAxvf2L.a1WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm447pi3vOMAAFn6efR5xvf8L.a3WVg1
http://www.edrnet.com/srf2/FinalSiteReport.aspx?ID=2R2tRL1ft.8mLp3OfF1f.v2.mV4Ype4NOg4LFY8DfC2LRu18ti7tLK1Sfs7y.R1sma6GpJ2.OV33FG2.RA2KtO2bLC42fb4c.W4kmv84p.6XO.3GFs7pfQ0.v52C.j14VCtJY22LRR2ptm1FLmVcfC1O.X1Cm457pi2vOM9AFn8efRAxvf4L.a5WVg1


EDR Historical Topographic Map Report

Poplin Ridge

Poplin Ridge/Secrest Short Cut Road
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EDR Historical Topographic Map Report

Environmental Data Resources, Inc.s (EDR) Historical Topographic Map Report is designed to assist professionals in
evaluating potential liability on a target property resulting from past activities. EDRs Historical Topographic Map Report
includes a search of a collection of public and private color historical topographic maps, dating back to the early 1900s.

Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data Resources, Inc.
It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from other sources. NO
WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL DATA
RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report AS IS. Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor should they
be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I Environmental Site
Assessment performed by an environmental professional can provide information regarding the environmental risk for any property. Additionally, the
information provided in this Report is not to be construed as legal advice.

Copyright 2012 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole or in part, of any report or map
of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other trademarks
used herein are the property of their respective owners.



Historical Topographic Map

Unsurveyed Area on the Topographic Map

→
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TARGET QUADTARGET QUAD
NAME: CHARLOTTE
MAP YEAR: 1942

SERIES: 30
SCALE: 1:125000

SITE NAME: Poplin Ridge
 ADDRESS: Poplin Ridge/Secrest Short Cut

Road

Monroe, NC 28110
LAT/LONG: 35.0548 / -80.5729

CLIENT: WK Dickson
CONTACT: George Lankford
INQUIRY#: 3337526.11
RESEARCH DATE: 06/05/2012



Historical Topographic Map
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SERIES: 7.5
SCALE: 1:24000

SITE NAME: Poplin Ridge
 ADDRESS: Poplin Ridge/Secrest Short Cut

Road

Monroe, NC 28110
LAT/LONG: 35.0548 / -80.5729

CLIENT: WK Dickson
CONTACT: George Lankford
INQUIRY#: 3337526.11
RESEARCH DATE: 06/05/2012



Historical Topographic Map
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PHOTOREVISED FROM :1971
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SCALE: 1:24000

SITE NAME: Poplin Ridge
 ADDRESS: Poplin Ridge/Secrest Short Cut

Road

Monroe, NC 28110
LAT/LONG: 35.0548 / -80.5729

CLIENT: WK Dickson
CONTACT: George Lankford
INQUIRY#: 3337526.11
RESEARCH DATE: 06/05/2012
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RESEARCH DATE: 06/05/2012



The EDR Aerial Photo Decade Package

Poplin Ridge

Poplin Ridge/Secrest Short Cut Road

Monroe, NC 28110

Inquiry Number: 3337526.12

June 06, 2012



EDR Aerial Photo Decade Package

Environmental Data Resources, Inc. (EDR) Aerial Photo Decade Package is a screening tool designed to assist
environmental professionals in evaluating potential liability on a target property resulting from past activities. EDR’s
professional researchers provide digitally reproduced historical aerial photographs, and when available, provide one photo
per decade.

When delivered electronically by EDR, the aerial photo images included with this report are for ONE TIME USE
ONLY. Further reproduction of these aerial photo images is prohibited without permission from EDR. For more
information contact your EDR Account Executive.

Thank you for your business.
Please contact EDR at 1-800-352-0050

with any questions or comments.

Disclaimer - Copyright and Trademark Notice

This Report contains certain information obtained from a variety of public and other sources reasonably available to Environmental Data Resources, Inc.
It cannot be concluded from this Report that coverage information for the target and surrounding properties does not exist from other sources. NO
WARRANTY EXPRESSED OR IMPLIED, IS MADE WHATSOEVER IN CONNECTION WITH THIS REPORT. ENVIRONMENTAL DATA
RESOURCES, INC. SPECIFICALLY DISCLAIMS THE MAKING OF ANY SUCH WARRANTIES, INCLUDING WITHOUT LIMITATION,
MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE OR PURPOSE. ALL RISK IS ASSUMED BY THE USER. IN NO EVENT SHALL
ENVIRONMENTAL DATA RESOURCES, INC. BE LIABLE TO ANYONE, WHETHER ARISING OUT OF ERRORS OR OMISSIONS, NEGLIGENCE,
ACCIDENT OR ANY OTHER CAUSE, FOR ANY LOSS OF DAMAGE, INCLUDING, WITHOUT LIMITATION, SPECIAL, INCIDENTAL,
CONSEQUENTIAL, OR EXEMPLARY DAMAGES. ANY LIABILITY ON THE PART OF ENVIRONMENTAL DATA RESOURCES, INC. IS STRICTLY
LIMITED TO A REFUND OF THE AMOUNT PAID FOR THIS REPORT. Purchaser accepts this Report AS IS. Any analyses, estimates, ratings,
environmental risk levels or risk codes provided in this Report are provided for illustrative purposes only, and are not intended to provide, nor should they
be interpreted as providing any facts regarding, or prediction or forecast of, any environmental risk for any property. Only a Phase I Environmental Site
Assessment performed by an environmental professional can provide information regarding the environmental risk for any property. Additionally, the
information provided in this Report is not to be construed as legal advice.

Copyright 2012 by Environmental Data Resources, Inc. All rights reserved. Reproduction in any media or format, in whole or in part, of any report or map
of Environmental Data Resources, Inc., or its affiliates, is prohibited without prior written permission.

EDR and its logos (including Sanborn and Sanborn Map) are trademarks of Environmental Data Resources, Inc. or its affiliates. All other trademarks
used herein are the property of their respective owners.



Date EDR Searched Historical Sources:
Aerial Photography	June 06, 2012

Target Property:
Poplin Ridge/Secrest Short Cut Road

Monroe, NC 28110

Year Scale Details Source

1961 Aerial Photograph. Scale: 1"=750' Panel #: 35080-A5, Bakers, NC;/Flight Date: July 29, 1961 EDR

1961 Aerial Photograph. Scale: 1"=750' Panel #: 35080-A5, Bakers, NC;/Flight Date: July 29, 1961 EDR

1969 Aerial Photograph. Scale: 1"=500' Panel #: 35080-A5, Bakers, NC;/Flight Date: March 15, 1969 EDR

1969 Aerial Photograph. Scale: 1"=500' Panel #: 35080-A5, Bakers, NC;/Flight Date: March 15, 1969 EDR

1976 Aerial Photograph. Scale: 1"=1000' Panel #: 35080-A5, Bakers, NC;/Flight Date: March 24, 1976 EDR

1983 Aerial Photograph. Scale: 1"=1000' Panel #: 35080-A5, Bakers, NC;/Flight Date: March 02, 1983 EDR

1993 Aerial Photograph. Scale: 1"=750' Panel #: 35080-A5, Bakers, NC;/Flight Date: January 08, 1993 EDR

1993 Aerial Photograph. Scale: 1"=750' Panel #: 35080-A5, Bakers, NC;/Flight Date: January 08, 1993 EDR

1998 Aerial Photograph. Scale: 1"=750' Panel #: 35080-A5, Bakers, NC;/Flight Date: March 13, 1998 EDR

3337526.12
2
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 = 500'
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 = 500'
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 = 1000'
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USDA FORM AD-1006 







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
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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. Edward Curtis), NC Floodplain Mapping Unit 
(attn. John Gerber) and NC Ecosystem Enhancement Program. 

 
Project Location 

 
Name  of project: 
 

Poplin Ridge Stream Restoration Project 

Name if streams or features: 
 

Unnamed Tributaries to East Fork Stewarts Creek 

County: 
 

Union County, NC 

Name of river basin: 
 

Yadkin River Basin 

Is project urban or rural? 
 

Rural 

Name of Jurisdictional 
municipality/county: 
 

Union County 

DFIRM panel number for 
entire site: 
 

Firm Panel 5427, 5437 
Map Number: 3710542700J, 3710543700J 
Effective Date: October 16, 2008 

Consultant name: 
 

WK Dickson & Co., Inc. 
Ward Marotti – Project Manager 

Phone number: 
 

(919 782-0495 

Address: 
 
 
 

720 Corporate Center Drive 
Raleigh, NC 27607 

 
 
 
 
 



Poplin Ridge Stream Restoration Project 
FEMA-EEP FEMA_Floodplain_Checklist.docx Page 2 of 4 

 
Design Information 

 
Provide a general description of project (one paragraph).  Include project limits on a 
reference orthophotograph at a scale of 1” = 500”.    
 
WK Dickson is designing the Poplin Ridge Stream Restoration Project in Union County, 
NC to provide stream mitigation units (SMUs) in the Yadkin River Basin for the NC 
Ecosystem Enhancement Program (NCEEP).  Stream restoration and stream 
enhancement activities involving channel and floodplain grading are proposed on 
approximately 8,783 linear feet of East Fork Stewarts Creek and East Fork Stewarts 
Creek Tributary 1. Preservation is proposed on approximately 1,312 linear feet of 
unnamed tributaries.  Channel and/or floodplain grading is proposed along two streams 
located in a Special Flood Hazard Area.  
 
Typical stream restoration improvements entail constructing a new channel that conveys 
the bankfull flow on the floodplain adjacent to the existing channel.  The existing stream 
crossings located within the SFHA will be removed and replaced at their current 
locations.  In addition, the pond located 500 feet upstream of FEMA cross section 145 
(along East Fork Stewarts Creek) will be permanently removed by lowering the culverts 
at the embankment and providing positive drainage through this stream reach. 
 
Stream reaches and are summarized below according to their mitigation type. 
 

Reach Mitigation Type Total Length 
(LF) 

UT1-1 Preservation and Enhancement Level I 1,258 
UT1-2 Priority 1 Restoration 1,171 
UT1-3 Priority 1 Restoration 901 
UT1-4 Enhancement Level I 1,210 
UT1-A Enhancement Level I 217 
UT1-B Preservation and Enhancement Level I 1,075 
UT1-C Enhancement Level I 871 
UT2-1 Enhancement Level II 490 
UT2-2 Priority 1 Restoration 857 
UT2-3 Priority 1 Restoration 521 
UT2-4 Priority 1 Restoration 1061 
UT2-A Enhancement Level II 463 

 
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  



Poplin Ridge Stream Restoration Project 
FEMA-EEP FEMA_Floodplain_Checklist.docx Page 3 of 4 

Detailed Study  
Limited Detail Study  
Approximate Study  
Don't know  

 
List flood zone designation:  
 
Check if applies: 

AE Zone  

 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: Edward Curtis, (919) 715-8000 x369) 
 
Name of Local Floodplain Administrator: Lee Jenson 
Phone Number: (704) 283-3565 
Email: LJenson@co.union.nc.us 
 



Poplin Ridge Stream Restoration Project 
FEMA-EEP FEMA_Floodplain_Checklist.docx Page 4 of 4 

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: 
 
 
 
 
Comments: 
 
 
 
 
 
 
 
Name: __________________________  Signature:  __________________________      
 
Title: ___________________________ Date: ___________________________ 
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North Carolina Department of Cultural Resources 
State Historic Preservation Office 

Ramona M. Bartos, Administrator 
Beverly Eaves Perdue, Governor                          Office of Archives and History  
Linda A. Carlisle, Secretary                 Division of Historical Resources 
Jeffrey J. Crow, Deputy Secretary                                                                                                  David Brook, Director 

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 

 
June 18, 2012 
 
Daniel Ingram 
WK Dickson & Company,  Inc. 
720 Corporate Center Drive 
Raleigh, NC  27607 
dingram@wkdickson.com 
 
Re: Poplin Ridge Stream Mitigation Project, Union County, ER 12-0984 

Dear Mr. Ingram: 

Thank you for your letter of June 7, 2012, 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, 
please contact Renee Gledhill-Earley, environmental review coordinator, at 919-807-6579. In all future 
communication concerning this project, please cite the above-referenced tracking number. 

Sincerely, 

 

Ramona M. Bartos 
 



 
June 7, 2012 
 
Mr. Pete Benjamin  
US Fish and Wildlife Service 
Raleigh Field Office 
P.O. Box 33726 
Raleigh, NC  27636-3726 
 
Subject:  Project Scoping for Poplin Ridge Site EEP stream mitigation project in Union County. 
 
 
Dear Mr. Benjamin, 
 
The Poplin Ridge Site has been identified by NC Ecosystem Enhancement Program to provide 
compensatory mitigation for unavoidable stream impacts. This site is currently cultivated land and 
forests surrounding tributaries to Stewarts Creek. The stream channels have been straightened and 
channelized.   
 
We have obtained an updated species list for Union County from the FWS web site 
(http://www.fws.gov/endangered/). The threatened or endangered species for this county are the 
Carolina heelsplitter (Lasmigona decorate), Schweinitz’s sunflower (Helianthus schweinitzii), and 
Michaux’s sumac (Rhus michauxii). We have determined that no suitable habitat for these species 
exists within the proposed project boundary.  
 
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 stream restoration project 
on the subject property. Maps showing the location and approximate limits of the conservation 
easement are enclosed.  
 
We thank you in advance for your timely response and cooperation.  You may return the comment to 
my attention at the address below. Please feel free to contact me at dingram@wkdickson.com with 
any questions that you may have concerning the extent of site disturbance associated with this 
project. 
 
Sincerely, 

 
W.K. Dickson & Co., Inc. 
Daniel Ingram 

 



 
 
 

c/fe/97084/5-7asbil.doc 

 
Enclosures 

720 Corporate Center Drive 
Raleigh, NC 27607 
Tel. 919.782.0495 
Fax 919.782.9672 
www.wkdickson.com Transportation  �  Water Resources  �  Urban Development  �  Geomatics 



 

Poplin Ridge Final Mitigation Plan   July 2014 

14.5 Appendix C – Mitigation Work Plan Data and Analyses 
Poplin Ridge Morphological Parameters  
Poplin Ridge Existing Conditions Cross Section Charts 
Reference Reach Existing Cross Section and Profile Charts 
Poplin Ridge Stable Channel Hydraulic Design Output 
HEC-RAS Data Output



Poplin Ridge UT1 Morphological Parameters

UT1-R1 UT1-R1 UT1-R2 UT1-R3 UT1-R4 UT1-A UT1-B UT1-B UT1-C
Pres. Enh. I Rest. Rest. Enh. I Enh. I Pres. Enh. I Enh. I

Feature Riffle Riffle Riffle Riffle Riffle Riffle Riffle Riffle Riffle Riffle Pool Riffle Pool
Drainage Area (ac) 136 136 248 384 728 88 120 120 250

NC Regional Curve Discharge (cfs) 31 31 47 64 100 22 28 28 47
Design/Approx. Bankfull Discharge (cfs) 22 22 35 55 65 20 15 30 50

BF Width (ft) 7.9 7.5 9.9 12.8 17.5 6.9 11.2 6.0 10.0 11.8 12.8 13.6 14.8
Floodprone Width (ft) >50 >50 >50 >50 >50 >50 >50 >50 >40 >50 NA >50 NA

BF Cross Sectional Area (ft2) 10.1 10.4 14.2 22.2 21.9 6.8 6.1 5.5 10.0 14.5 19.9 20.3 26.9
BF Mean Depth (ft) 1.3 1.4 1.4 1.7 1.2 1.0 0.5 0.9 1.0 1.2 1.6 1.5 1.8

BF Max Depth (ft) 2.0 1.8 2.0 2.4 2.3 1.4 1.0 1.1 1.3 1.8 2.4 2.1 2.8
Width/Depth Ratio 6.2 5.4 7.0 7.4 14.0 6.9 20.4 6.6 10.0 9.6 8.2 9.1 8.1

Entrenchment Ratio >2.2 >2.2 >2.2 >2.2 >2.2 >2.2 >2.2 >2.2 >2.2 >2.2 NA >2.2 NA
Wetted Perimeter (ft) 10.4 9.1 11.6 14.5 19.0 8.2 11.8 7.5 11.1 12.6 14 14.7 16.2
Hydraulic Radius (ft) 1.0 1.1 1.2 1.5 1.2 0.8 0.5 0.7 0.9 1.1 1.4 1.4 1.7

D16 (mm) 0.062 0.062 0.062 2 3 0.062 2 3 2
D50 (mm) 0.062 16.0 2 8 25 0.1 29 12 11
D84 (mm) 0.062 63.0 7 25 51 0.4 60 27 45

--- --- --- --- --- --- --- --- --- Min Max Min Max
Channel Beltwidth (ft) --- --- --- --- --- --- --- --- --- 38 57 44 65

Radius of Curvature (ft) --- --- --- --- --- --- --- --- --- 18 89 20 103
Radius of Curvature Ratio --- --- --- --- --- --- --- --- --- 1.5 7.6 1.5 7.6
Meander Wavelength (ft) --- --- --- --- --- --- --- --- --- 38 57 44 65

Meander Width Ratio --- --- --- --- --- --- --- --- --- 3.2 4.8 3.2 4.8

--- --- --- --- --- --- --- --- --- Min Max Min Max
Riffle Length (ft) --- --- --- --- --- --- --- --- --- 5 16 6 18
Riffle Slope (%) --- --- --- --- --- --- --- --- --- 1.1 3.4 1.1 3.4
Run Length (ft) --- --- --- --- --- --- --- --- --- 6 13 7 15
Run Slope (%) --- --- --- --- --- --- --- --- --- 4.8 11.5 4.8 11.5

Glide Length (ft) --- --- --- --- --- --- --- --- --- 4 11 5 13
Glide Slope (%) --- --- --- --- --- --- --- --- --- 4.8 9.2 4.8 9.2
Pool Length (ft) --- --- --- --- --- --- --- --- --- 4 36 5 42
Pool Slope (%) --- --- --- --- --- --- --- --- --- --- --- --- ---

Pool-to-Pool Spacing (ft) --- --- --- --- --- --- --- --- --- 16 55 18 64

Valley Length (ft) 622 534 1173 731 1294 264 573 434 908
Channel Length (ft) 716 541 1197 738 1340 270 618 449 921

Sinuosity 1.2 1.0 1.0 1.0 1.0 1.0 1.1 1.0 1.0
Water Surface Slope (ft/ft) NA NA NA 0.003 0.004 NA NA NA NA

Channel Slope (ft/ft) 0.0048 0.011 0.007 0.004 0.005 0.012 0.012 0.018 0.008
Rosgen Classification E4 E4 E4 E4 C4 E4 C4 E4 E4

 1 Bankfull stage was estimated using NC Regional Curve equations and existing conditions data
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Poplin Ridge UT2 Morphological Parameters

UT2-R1 UT2-R2 UT2-R3 UT2-R4 UT2-A
Enh. II Rest. Rest. Rest. Enh. II

Feature Riffle Pond Riffle Riffle Riffle Riffle Pool Riffle Pool
Drainage Area (ac) 634 723 742 864 51

NC Regional Curve Discharge (cfs)
Design/Approx. Bankfull Discharge (cfs) --- --- --- --- ---

BF Width (ft) 25.6 --- 16.2 12.1 6.1 17.2 18.6 18.2 19.6
Floodprone Width (ft) >50 --- >50 >50 >50 >50 NA >50 NA

BF Cross Sectional Area (ft2) 19.6 --- 22.4 12.6 3.0 31.5 42 34.8 47.6
BF Mean Depth (ft) 0.8 --- 1.4 1.0 0.5 1.8 2.3 1.9 2.4

BF Max Depth (ft) 1.7 --- 2.6 1.6 1.2 2.5 3.5 2.6 3.8
Width/Depth Ratio 33.5 --- 11.8 11.6 12.2 9.4 8.2 9.5 8.1

Entrenchment Ratio >2.2 --- >2.2 >2.2 >2.2 >2.2 NA >2.2 NA
Wetted Perimeter (ft) 26.2 --- 17.9 13.1 7.0 18.5 20.3 19.5 21.5
Hydraulic Radius (ft) 0.7 --- 1.3 1.0 0.4 1.7 2.1 1.8 2.2

D16 (mm) 0.062 --- 0.062 1.5 0.062
D50 (mm) 0.062 --- 0.062 7.8 0.062
D84 (mm) 0.72 --- 4.8 15.0 0.57

--- --- --- --- --- Min Max Min Max
Channel Beltwidth (ft) --- --- --- --- --- 55 83 58 87

Radius of Curvature (ft) --- --- --- --- --- 26 131 27 138
Radius of Curvature Ratio --- --- --- --- --- 1.5 7.6 1.5 7.6
Meander Wavelength (ft) --- --- --- --- --- 55 83 58 87

Meander Width Ratio --- --- --- --- --- 3.2 4.8 3.2 4.8

--- --- --- --- --- Min Max Min Max
Riffle Length (ft) 8 23 8 24
Riffle Slope (%) --- --- --- --- --- 1.1 3.4 1.1 3.4
Run Length (ft) 9 19 9 20
Run Slope (%) --- --- --- --- --- 4.8 11.5 4.8 11.5

Glide Length (ft) 6 16 7 17
Glide Slope (%) --- --- --- --- --- 4.8 9.2 4.8 9.2
Pool Length (ft) 6 53 7 56
Pool Slope (%) --- --- --- --- --- --- --- --- ---

Pool-to-Pool Spacing (ft) --- --- --- --- --- 23 81 24 86

Valley Length (ft) 410 641 779 1015 427
Channel Length (ft) 443 641 781 1032 437

Sinuosity 1.1 1.0 1.0 1.0 1.0
Water Surface Slope (ft/ft) NA NA NA 0.0027 NA

Channel Slope (ft/ft) 0.0027 0.001 0.0057 0.0031 0.013
Rosgen Classification C4c NA E4 E4 C4

 1 Bankfull stage was estimated using NC Regional Curve equations and existing conditions data
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Poplin Ridge Reach UT1‐2

Hydraulic Design Data

Stable Channel Design Results ‐ Copeland Method

    d84(mm) = 7.1, D50(mm) = 2.3, D16(mm) = .062

    Temperature (F) 55

    Specific Gravity of Sediments  2.65

    Unit Weight of Water (lb/cu ft) 62.385

    Viscosity (sq ft/s) 1.32E‐05

    Discharge (cfs) 36

Upstream Channel

    Sediment Concentration (ppm) 234.84

    Base Width (ft) 6

    Channel Slope (ft/ft) 0.006

Left Right

    Side Slope  1.5 1.5

    Roughness Eq   Manning Manning

    Roughness Value  0.08 0.08

Stable Channel

    Median Channel Width (ft) 12

    Valley Slope(ft/ft) 0.008

Left Right

    Side Slope  1.7 1.7

    Roughness Eq   Manning Manning

    Roughness Value  0.08 0.08

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear

Width Depth Slope  n‐Value  Radius Velocity Number Stress Regime

1 2.6 0.01174 0.0754 1.26 2.47 0.27 1.94 Upper

2 2.5 0.008271 0.0719 1.32 2.25 0.25 1.31 Upper

4 2.2 0.005801 0.0654 1.35 2.12 0.25 0.79 Upper

5 2 0.00508 0.0608 1.32 2.08 0.26 0.65 Upper

6 1.9 0.006392 0.0664 1.28 2.13 0.28 0.74 Lower

7 1.7 0.00603 0.0631 1.24 2.1 0.28 0.65 Lower

8 1.6 0.005825 0.0608 1.19 2.08 0.29 0.58 Lower

10 1.4 0.005499 0.0578 1.12 2.06 0.31 0.48 Lower

11 1.3 0.005415 0.0564 1.08 2.05 0.31 0.45 Lower

12 1.3 0.005335 0.0556 1.05 2.04 0.32 0.42 Lower

13 1.2 0.005331 0.0539 1.01 2.02 0.33 0.39 Lower

14 1.1 0.00532 0.0534 0.98 2.01 0.33 0.37 Lower

16 1 0.005379 0.0509 0.9 1.98 0.35 0.34 Lower

17 1 0.005379 0.0505 0.87 1.97 0.35 0.33 Lower

18 0.9 0.005411 0.0496 0.84 1.96 0.36 0.32 Lower

19 0.9 0.005491 0.0495 0.82 1.95 0.36 0.31 Lower

20 0.9 0.005476 0.0492 0.8 1.94 0.37 0.30 Lower

22 0.8 0.005618 0.0476 0.74 1.91 0.38 0.28 Lower

23 0.8 0.00566 0.0474 0.73 1.9 0.38 0.27 Lower

24 0.8 0.005722 0.0469 0.7 1.89 0.38 0.27 Lower

*******Solution for Minimum Stream Power*******

4.9 2 0.007341 0.0696 1.3 2.17 0.27 0.92 Lower



Poplin Ridge Reach UT1‐3

Hydraulic Design Data

Stable Channel Design Results ‐ Copeland Method

    d84(mm) = 25, D50(mm) = 7.8, D16(mm) = 1.5

    Temperature (F) 55

    Specific Gravity of Sediments  2.65

    Unit Weight of Water (lb/cu ft) 62.385

    Viscosity (sq ft/s) 1.32E‐05

    Discharge (cfs) 52

Upstream Channel

    Sediment Concentration (ppm) 13.19

    Base Width (ft) 7

    Channel Slope (ft/ft) 0.005

Left Right

    Side Slope  1.9 1.9

    Roughness Eq   Manning Manning

    Roughness Value  0.08 0.08

Stable Channel

    Median Channel Width (ft) 14.5

    Valley Slope(ft/ft) 0.008

Left Right

    Side Slope  1.7 1.7

    Roughness Eq   Manning Manning

    Roughness Value  0.08 0.08

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear

Width Depth Slope  n‐Value  Radius Velocity Number Stress Regime

1 3.4 0.007258 0.077 1.6 2.26 0.22 1.54 Upper

3 3 0.005965 0.0719 1.62 2.2 0.23 1.1 Lower

4 2.7 0.005585 0.069 1.6 2.19 0.23 0.95 Lower

6 2.4 0.004974 0.0643 1.55 2.19 0.25 0.73 Lower

7 2.2 0.004812 0.0617 1.51 2.2 0.26 0.66 Lower

9 1.9 0.004536 0.0574 1.42 2.2 0.28 0.54 Lower

10 1.8 0.00441 0.0558 1.38 2.21 0.29 0.5 Lower

12 1.6 0.004291 0.0522 1.29 2.21 0.31 0.43 Lower

13 1.5 0.004254 0.0507 1.24 2.21 0.32 0.4 Lower

14 1.4 0.004244 0.0494 1.2 2.21 0.32 0.38 Lower

16 1.3 0.004178 0.0467 1.11 2.21 0.34 0.34 Lower

17 1.2 0.004148 0.0457 1.08 2.21 0.35 0.32 Lower

19 1.1 0.004217 0.0441 1.01 2.2 0.36 0.3 Lower

20 1.1 0.004229 0.0434 0.98 2.2 0.37 0.29 Lower

22 1 0.004304 0.042 0.92 2.19 0.38 0.27 Lower

23 1 0.00431 0.0417 0.89 2.18 0.39 0.26 Lower

25 0.9 0.004422 0.0404 0.84 2.17 0.4 0.25 Lower

26 0.9 0.004465 0.04 0.81 2.17 0.41 0.24 Lower

28 0.8 0.004575 0.0394 0.77 2.16 0.42 0.23 Lower

29 0.8 0.004624 0.0391 0.76 2.15 0.43 0.23 Lower

*******Solution for Minimum Stream Power*******

17.2 1.2 0.004183 0.0456 1.07 2.2 0.35 0.32 Lower



Poplin Ridge Reach UT2‐3

Hydraulic Design Data

Stable Channel Design Results ‐ Copeland Method

    d84(mm) = 15, D50(mm) = 7.8, D16(mm) = 1.5

    Temperature (F) 55

    Specific Gravity of Sediments  2.65

    Unit Weight of Water (lb/cu ft) 62.385

    Viscosity (sq ft/s) 1.32E‐05

    Discharge (cfs) 65

Upstream Channel

    Sediment Concentration (ppm) 1.42

    Base Width (ft) 8

    Channel Slope (ft/ft) 0.003

Left Right

    Side Slope  1.7 1.7

    Roughness Eq   Manning Manning

    Roughness Value  0.08 0.08

Stable Channel

    Median Channel Width (ft) 16

    Valley Slope(ft/ft) 0.006

Left Right

    Side Slope  1.7 1.7

    Roughness Eq   Manning Manning

    Roughness Value  0.08 0.08

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear

Width Depth Slope  n‐Value  Radius Velocity Number Stress Regime

2 3.8 0.004245 0.0754 1.91 1.98 0.18 1.02 Lower

3 3.6 0.004062 0.0728 1.9 1.99 0.19 0.91 Lower

5 3.1 0.003729 0.0682 1.86 2.02 0.2 0.73 Lower

6 2.9 0.003583 0.0661 1.84 2.03 0.21 0.65 Lower

8 2.6 0.003375 0.0614 1.75 2.05 0.23 0.54 Lower

10 2.3 0.003216 0.0575 1.66 2.06 0.24 0.46 Lower

11 2.1 0.00315 0.0557 1.62 2.07 0.25 0.42 Lower

13 1.9 0.003062 0.0525 1.52 2.07 0.26 0.37 Lower

14 1.8 0.003026 0.0512 1.48 2.08 0.27 0.35 Lower

16 1.7 0.003021 0.0481 1.37 2.08 0.28 0.31 Lower

18 1.5 0.003003 0.0462 1.29 2.08 0.3 0.28 Lower

19 1.5 0.002949 0.045 1.26 2.09 0.31 0.27 Lower

21 1.3 0.002947 0.0437 1.19 2.09 0.32 0.25 Lower

22 1.3 0.00297 0.0427 1.15 2.08 0.32 0.24 Lower

24 1.2 0.003007 0.0414 1.09 2.08 0.33 0.23 Lower

26 1.1 0.003084 0.0401 1.02 2.07 0.34 0.22 Lower

27 1.1 0.003086 0.0399 1 2.07 0.35 0.21 Lower

29 1 0.00317 0.0387 0.94 2.06 0.36 0.2 Lower

30 1 0.00317 0.0386 0.93 2.06 0.36 0.2 Lower

32 0.9 0.003239 0.0382 0.89 2.06 0.37 0.19 Lower

*******Solution for Minimum Stream Power*******

20.1 1.4 0.002937 0.0444 1.22 2.09 0.31 0.25 Lower



Poplin Ridge Reach UT2‐4

Hydraulic Design Data

Stable Channel Design Results ‐ Copeland Method

    d84(mm) = 15, D50(mm) = 7.8, D16(mm) = 1.5

    Temperature (F) 55

    Specific Gravity of Sediments  2.65

    Unit Weight of Water (lb/cu ft) 62.385

    Viscosity (sq ft/s) 1.32E‐05

    Discharge (cfs) 74

Upstream Channel

    Sediment Concentration (ppm) 0

    Base Width (ft) 9

    Channel Slope (ft/ft) 0.0025

Left Right

    Side Slope  1.8 1.8

    Roughness Eq   Manning Manning

    Roughness Value  0.08 0.08

Stable Channel

    Median Channel Width (ft) 17

    Valley Slope(ft/ft) 0.003

Left Right

    Side Slope  1.7 1.7

    Roughness Eq   Manning Manning

    Roughness Value  0.08 0.08

Computed Stable Channels

Bottom Energy Comp Hyd Froude Shear

Width Depth Slope  n‐Value  Radius Velocity Number Stress Regime

2 4.1 0.004009 0.0756 2.03 2 0.17 1.03 Lower

3 3.9 0.003824 0.0737 2.03 2.01 0.18 0.92 Lower

5 3.4 0.003545 0.0688 1.99 2.03 0.19 0.75 Lower

7 3 0.003347 0.0638 1.9 2.05 0.21 0.62 Lower

8 2.8 0.003216 0.0624 1.88 2.06 0.22 0.56 Lower

10 2.5 0.003079 0.0583 1.79 2.07 0.23 0.48 Lower

12 2.2 0.002963 0.0549 1.69 2.08 0.25 0.41 Lower

14 2 0.002886 0.052 1.6 2.09 0.26 0.36 Lower

15 1.9 0.002862 0.0507 1.55 2.09 0.27 0.34 Lower

17 1.8 0.002819 0.0484 1.47 2.1 0.28 0.31 Lower

19 1.6 0.002804 0.0466 1.39 2.1 0.29 0.28 Lower

20 1.6 0.002762 0.0454 1.35 2.1 0.3 0.27 Lower

22 1.4 0.002783 0.0435 1.27 2.1 0.31 0.25 Lower

24 1.3 0.002809 0.0424 1.2 2.1 0.32 0.23 Lower

26 1.3 0.002848 0.041 1.14 2.1 0.33 0.22 Lower

27 1.2 0.002873 0.0404 1.1 2.09 0.33 0.22 Lower

29 1.1 0.002916 0.0397 1.05 2.09 0.34 0.21 Lower

31 1.1 0.002969 0.0388 1 2.08 0.35 0.20 Lower

32 1.1 0.002987 0.0386 0.98 2.08 0.36 0.20 Lower

34 1 0.003053 0.0381 0.94 2.08 0.37 0.19 Lower

*******Solution for Minimum Stream Power*******

20.7 1.5 0.002768 0.0447 1.32 2.1 0.3 0.26 Lower



Poplin Ridge Site UT1 (HEC‐RAS Output)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Power Total Shear Chan

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/ft s) (lb/sq ft)

UT1‐R2 3524 Design Q 36 593.77 595.57 595.66 0.0061 2.38 16.33 25.40 0.53 0.46

UT1‐R2 3524 2‐Yr Q 85 593.77 596.21 596.34 0.0061 3.12 47.65 76.27 0.42 0.68

UT1‐R2 3524 10‐Yr Q 222 593.77 597.13 597.25 0.0048 3.61 133.25 102.22 0.65 0.80

UT1‐R2 3524 50‐Yr Q 374 593.77 597.81 597.94 0.0045 4.06 207.55 120.31 0.88 0.94

UT1‐R2 3524 100‐Yr Q 442 593.77 598.05 598.19 0.0045 4.23 238.35 128.55 0.96 1.00

UT1‐R2 3380 Design Q 36 592.92 595.17 595.20 0.0018 1.58 34.72 58.31 0.07 0.18

UT1‐R2 3380 2‐Yr Q 85 592.92 595.84 595.88 0.0018 1.97 90.00 94.48 0.10 0.25

UT1‐R2 3380 10‐Yr Q 222 592.92 596.70 596.77 0.0023 2.76 178.21 111.91 0.29 0.45

UT1‐R2 3380 50‐Yr Q 374 592.92 597.35 597.43 0.0027 3.34 256.93 132.75 0.47 0.62

UT1‐R2 3380 100‐Yr Q 442 592.92 597.59 597.67 0.0028 3.53 289.58 139.09 0.54 0.68

UT1‐R2 3255 Design Q 36 592.92 594.74 594.83 0.0058 2.33 16.92 26.91 0.47 0.44

UT1‐R2 3255 2‐Yr Q 85 592.92 595.38 595.50 0.0057 3.06 49.35 77.93 0.39 0.65

UT1‐R2 3255 10‐Yr Q 222 592.92 596.18 596.32 0.0059 3.90 122.83 100.41 0.81 0.95

UT1‐R2 3255 50‐Yr Q 374 592.92 596.78 596.94 0.0059 4.45 187.18 114.54 1.19 1.16

UT1‐R2 3255 100‐Yr Q 442 592.92 597.01 597.18 0.0059 4.66 214.36 122.18 1.32 1.24

UT1‐R2 3094 Design Q 36 591.97 593.76 593.85 0.0064 2.41 16.04 24.62 0.57 0.47

UT1‐R2 3094 2‐Yr Q 85 591.97 594.39 594.53 0.0064 3.18 46.25 74.57 0.45 0.71

UT1‐R2 3094 10‐Yr Q 222 591.97 595.22 595.36 0.0060 3.92 122.10 100.28 0.82 0.96

UT1‐R2 3094 50‐Yr Q 374 591.97 595.83 595.99 0.0059 4.47 186.64 114.39 1.20 1.16

UT1‐R2 3094 100‐Yr Q 442 591.97 596.06 596.23 0.0059 4.67 213.91 122.06 1.32 1.24

UT1‐R2 2899 Design Q 36 590.82 592.71 592.79 0.0047 2.18 19.06 31.81 0.33 0.38

UT1‐R2 2899 2‐Yr Q 85 590.82 593.37 593.47 0.0045 2.81 56.69 84.67 0.28 0.54

UT1‐R2 2899 10‐Yr Q 222 590.82 594.09 594.23 0.0057 3.86 124.29 100.67 0.78 0.92

UT1‐R2 2899 50‐Yr Q 374 590.82 594.68 594.84 0.0059 4.45 187.33 114.58 1.18 1.15

UT1‐R2 2899 100‐Yr Q 442 590.82 594.92 595.09 0.0058 4.63 215.66 122.53 1.29 1.22

UT1‐R2 2712 Design Q 36 589.72 591.26 591.41 0.0130 3.02 11.94 11.74 2.37 0.79

UT1‐R2 2712 2‐Yr Q 85 589.72 591.86 591.47 592.11 0.0132 4.10 29.11 48.61 1.42 1.25

UT1‐R2 2712 10‐Yr Q 222 589.72 592.91 593.07 0.0068 4.11 115.75 99.16 0.94 1.06

UT1‐R2 2712 50‐Yr Q 374 589.72 593.68 593.82 0.0051 4.23 198.07 117.66 1.01 1.03

UT1‐R2 2712 100‐Yr Q 442 589.72 593.96 594.10 0.0048 4.33 232.64 127.06 1.03 1.05

UT1‐R2 2444 Design Q 36 588.14 590.48 590.50 0.0014 1.46 40.05 66.33 0.05 0.15

UT1‐R2 2444 2‐Yr Q 85 588.14 591.19 591.22 0.0013 1.76 102.01 96.69 0.07 0.20

UT1‐R2 2444 10‐Yr Q 222 588.14 592.30 592.34 0.0013 2.26 222.77 124.45 0.15 0.29

UT1‐R2 2444 50‐Yr Q 374 588.14 593.09 593.14 0.0014 2.64 330.62 146.66 0.22 0.37

UT1‐R2 2444 100‐Yr Q 442 588.14 593.38 593.43 0.0014 2.79 373.29 154.14 0.26 0.40

UT1‐R3 2282 Design Q 52 587.98 589.99 590.07 0.0047 2.33 25.38 32.17 0.46 0.41

UT1‐R3 2282 2‐Yr Q 113 587.98 590.69 590.81 0.0046 3.00 58.13 61.59 0.52 0.60

UT1‐R3 2282 10‐Yr Q 290 587.98 591.76 591.93 0.0046 3.93 146.79 100.20 0.83 0.90

UT1‐R3 2282 50‐Yr Q 487 587.98 592.53 592.72 0.0046 4.54 232.12 123.43 1.13 1.12

UT1‐R3 2282 100‐Yr Q 573 587.98 592.80 593.00 0.0046 4.74 266.88 131.70 1.25 1.20

UT1‐R3 2115 Design Q 52 587.21 589.22 589.30 0.0046 2.32 25.50 32.32 0.46 0.41

UT1‐R3 2115 2‐Yr Q 113 587.21 589.91 590.04 0.0046 3.01 57.95 61.46 0.53 0.60

UT1‐R3 2115 10‐Yr Q 290 587.21 590.99 591.16 0.0046 3.93 146.79 100.20 0.83 0.90

UT1‐R3 2115 50‐Yr Q 487 587.21 591.76 591.95 0.0046 4.54 231.98 123.39 1.14 1.12

UT1‐R3 2115 100‐Yr Q 573 587.21 592.03 592.23 0.0046 4.75 266.55 131.62 1.26 1.20

UT1‐R3 1957 Design Q 52 586.48 588.49 588.57 0.0047 2.33 25.34 32.12 0.47 0.41



Poplin Ridge Site UT1 (HEC‐RAS Output)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Power Total Shear Chan

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/ft s) (lb/sq ft)

UT1‐R3 1957 2‐Yr Q 113 586.48 589.19 589.31 0.0046 2.99 58.40 61.77 0.52 0.60

UT1‐R3 1957 10‐Yr Q 290 586.48 590.27 590.43 0.0046 3.92 147.36 100.37 0.82 0.90

UT1‐R3 1957 50‐Yr Q 487 586.48 591.02 591.21 0.0047 4.55 231.17 123.19 1.15 1.13

UT1‐R3 1957 100‐Yr Q 573 586.48 591.29 591.49 0.0047 4.77 265.11 131.29 1.28 1.21

UT1‐R3 1782 Design Q 52 585.67 587.77 587.84 0.0037 2.15 28.67 36.21 0.33 0.35

UT1‐R3 1782 2‐Yr Q 113 585.67 588.46 588.57 0.0039 2.83 63.52 65.18 0.42 0.53

UT1‐R3 1782 10‐Yr Q 290 585.67 589.48 589.64 0.0045 3.88 149.16 100.92 0.79 0.88

UT1‐R3 1782 50‐Yr Q 487 585.67 590.17 590.37 0.0049 4.64 226.18 121.96 1.22 1.17

UT1‐R3 1782 100‐Yr Q 573 585.67 590.42 590.63 0.0050 4.89 257.56 129.54 1.38 1.28

UT1‐R3 1621 Design Q 52 584.93 586.32 586.58 0.0264 4.08 12.73 13.79 6.04 1.48

UT1‐R3 1621 2‐Yr Q 113 584.93 586.98 586.71 587.34 0.0199 4.89 26.73 33.88 4.09 1.81

UT1‐R3 1621 10‐Yr Q 290 584.93 588.09 588.48 0.0130 5.71 89.99 79.78 2.93 2.05

UT1‐R3 1621 50‐Yr Q 487 584.93 588.88 589.25 0.01022 6.05 163.74 105.23 2.94 2.1

UT1‐R3 1621 100‐Yr Q 573 584.93 589.17 589.54 0.009431 6.14 196.05 114.19 2.94 2.11

UT1‐R4 1360 Design Q 70 582.15 584.35 584.46 0.004426 2.64 26.66 22.18 0.85 0.36

UT1‐R4 1360 2‐Yr Q 172 582.15 585.28 585.48 0.004311 3.67 60.46 55.59 0.82 0.59

UT1‐R4 1360 10‐Yr Q 431 582.15 586.51 586.8 0.004351 4.92 167.17 109.92 1.06 0.92

UT1‐R4 1360 50‐Yr Q 714 582.15 587.33 587.68 0.004442 5.72 263.39 123.85 1.59 1.16

UT1‐R4 1360 100‐Yr Q 838 582.15 587.63 588.01 0.004478 6 301.43 128.95 1.8 1.25

UT1‐R4 1149 Design Q 70 581.04 583.31 583.45 0.005236 2.91 24.19 19.79 1.09 0.44

UT1‐R4 1149 2‐Yr Q 172 581.04 584.27 584.5 0.004987 3.99 60.82 57.18 0.92 0.7

UT1‐R4 1149 10‐Yr Q 431 581.04 585.67 585.93 0.003873 4.78 199.74 131.45 0.78 0.86

UT1‐R4 1149 50‐Yr Q 714 581.04 586.53 586.8 0.003766 5.39 322.13 155.74 1.07 1.02

UT1‐R4 1149 100‐Yr Q 838 581.04 586.83 587.11 0.003765 5.62 371.06 165.39 1.18 1.09

UT1‐R4 913 Design Q 70 579.69 581.88 582.05 0.006659 3.31 21.5 18.25 1.51 0.57

UT1‐R4 913 2‐Yr Q 172 579.69 582.93 583.22 0.005804 4.43 50.79 37.78 1.6 0.85

UT1‐R4 913 10‐Yr Q 431 579.69 584.41 584.83 0.005447 5.86 152.45 112.54 1.29 1.27

UT1‐R4 913 50‐Yr Q 714 579.69 585.39 585.79 0.004705 6.31 280.38 148.24 1.4 1.36

UT1‐R4 913 100‐Yr Q 838 579.69 585.68 586.1 0.004779 6.6 325.2 159.09 1.56 1.47

UT1‐R4 779 Design Q 70 578.6 581.15 581.3 0.004751 3.17 25.63 20.51 0.96 0.49

UT1‐R4 779 2‐Yr Q 172 578.6 582.22 582.49 0.005018 4.46 57.09 38.51 1.36 0.83

UT1‐R4 779 10‐Yr Q 431 578.6 583.43 583.98 0.007254 6.79 125.09 76.51 2.51 1.7

UT1‐R4 779 50‐Yr Q 714 578.6 584.29 583.52 584.97 0.007904 8.06 222.5 140.6 2.48 2.24

UT1‐R4 779 100‐Yr Q 838 578.6 584.62 584.23 585.28 0.00757 8.24 272.8 159.74 2.46 2.3

UT1‐R4 554 Design Q 70 578.07 580.56 580.61 0.002019 1.73 40.37 31.21 0.28 0.16

UT1‐R4 554 2‐Yr Q 172 578.07 581.81 581.87 0.001465 1.93 89.46 48.09 0.32 0.17

UT1‐R4 554 10‐Yr Q 431 578.07 583.02 583.14 0.001752 2.91 169.5 97.4 0.48 0.33

UT1‐R4 554 50‐Yr Q 714 578.07 583.81 584 0.002068 3.68 265.33 146.14 0.63 0.49

UT1‐R4 554 100‐Yr Q 838 578.07 584.07 584.3 0.002254 4.01 307.24 199.34 0.59 0.58

UT1‐R4 328 Design Q 70 577.04 579.83 579.95 0.004493 2.77 25.26 16.63 1.09 0.39

UT1‐R4 328 2‐Yr Q 172 577.04 581.39 581.49 0.001947 2.66 107.68 90.95 0.23 0.3

UT1‐R4 328 10‐Yr Q 431 577.04 582.52 582.68 0.002441 3.77 247.6 160.29 0.4 0.53

UT1‐R4 328 50‐Yr Q 714 577.04 583.24 583.45 0.002942 4.64 385 216.36 0.6 0.77

UT1‐R4 328 100‐Yr Q 838 577.04 583.5 583.72 0.002977 4.85 442.09 224.52 0.69 0.82

UT1‐R4 188 Design Q 70 576.37 579.33 579.44 0.002987 2.55 27.41 14.81 0.8 0.31

UT1‐R4 188 2‐Yr Q 172 576.37 581.17 581.26 0.001322 2.63 119.84 111.67 0.13 0.27



Poplin Ridge Site UT1 (HEC‐RAS Output)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Power Total Shear Chan

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/ft s) (lb/sq ft)

UT1‐R4 188 10‐Yr Q 431 576.37 582.17 582.35 0.002259 4.06 263.41 177.07 0.34 0.59

UT1‐R4 188 50‐Yr Q 714 576.37 582.81 583.04 0.002908 5.02 387.64 210.26 0.61 0.86

UT1‐R4 188 100‐Yr Q 838 576.37 583.04 583.29 0.003093 5.33 437.73 220.17 0.73 0.95

UT1‐R4 112 Design Q 70 575.87 578.98 577.71 579.13 0.004924 3.17 22.08 11.38 1.56 0.49

UT1‐R4 112 2‐Yr Q 172 575.87 581.06 578.94 581.14 0.001854 2.44 110.03 94.01 0.21 0.26

UT1‐R4 112 10‐Yr Q 431 575.87 581.98 580.66 582.15 0.002993 3.81 212.1 134.4 0.63 0.57

UT1‐R4 112 50‐Yr Q 714 575.87 582.47 581.47 582.75 0.00444 5.08 287 156.58 1.24 0.97

UT1‐R4 112 100‐Yr Q 838 575.87 582.64 581.69 582.97 0.005078 5.58 313.03 163.83 1.59 1.16

UT1‐R4 91 Culvert

UT1‐R4 69 Design Q 70 575.85 578.91 577.85 579.05 0.006004 3.05 22.98 15.84 1.48 0.49

UT1‐R4 69 2‐Yr Q 172 575.85 580.08 579.01 580.29 0.006007 3.64 47.19 25.54 2.32 0.64

UT1‐R4 69 10‐Yr Q 431 575.85 581.4 580.33 581.73 0.006005 4.75 122.57 91.88 1.71 0.95

UT1‐R4 69 50‐Yr Q 714 575.85 582.23 581.35 582.61 0.006002 5.36 218.96 138.8 1.89 1.13

UT1‐R4 69 100‐Yr Q 838 575.85 582.5 581.65 582.9 0.006003 5.62 257.61 154.09 2.01 1.22



Poplin Ridge Site UT2 (HEC‐RAS Output)

River Reach River Sta Profile Q Total Min Ch ElW.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Power Total Shear Chan

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/ft s) (lb/sq ft)

UT2‐R1 UT‐2 2990.84 Design Q 60.00 581.38 583.38 583.4900 0.00 2.63 24.30 27.96 0.49 0.29

UT2‐R1 UT‐2 2990.84 2‐Yr Q 171.00 581.38 584.39 584.5900 0.00 3.83 65.70 52.07 0.73 0.51

UT2‐R1 UT‐2 2990.84 10‐Yr Q 430.00 581.38 587.21 587.3200 0.00 3.23 295.83 110.51 0.21 0.28

UT2‐R1 UT‐2 2990.84 50‐Yr Q 713.00 581.38 588.07 588.2500 0.00 4.26 397.96 129.41 0.43 0.46

UT2‐R1 UT‐2 2990.84 100‐Yr Q 836.00 581.38 588.31 588.5300 0.00 4.72 430.48 136.23 0.55 0.55

UT2‐R1 UT‐2 2886.41 Design Q 60.00 580.98 582.93 583.0700 0.00 3.03 22.69 29.58 0.54 0.37

UT2‐R1 UT‐2 2886.41 2‐Yr Q 171.00 580.98 583.86 584.1400 0.01 4.60 62.31 54.17 0.99 0.73

UT2‐R1 UT‐2 2886.41 10‐Yr Q 430.00 580.98 587.16 587.2300 0.00 2.91 410.42 149.92 0.11 0.22

UT2‐R1 UT‐2 2886.41 50‐Yr Q 713.00 580.98 588.01 588.1200 0.00 3.74 543.42 160.97 0.24 0.34

UT2‐R1 UT‐2 2886.41 100‐Yr Q 836.00 580.98 588.25 588.3800 0.00 4.10 582.56 162.88 0.32 0.41

UT2‐R1 UT‐2 2769.21 Design Q 60.00 580.49 582.59 582.6700 0.00 2.27 29.90 34.61 0.28 0.21

UT2‐R1 UT‐2 2769.21 2‐Yr Q 171.00 580.49 583.46 583.6300 0.00 3.58 73.31 65.43 0.54 0.45

UT2‐R1 UT‐2 2769.21 10‐Yr Q 430.00 580.49 587.12 587.1700 0.00 2.28 430.48 123.56 0.08 0.13

UT2‐R1 UT‐2 2769.21 50‐Yr Q 713.00 580.49 587.94 588.0300 0.00 3.15 535.92 134.91 0.19 0.24

UT2‐R1 UT‐2 2769.21 100‐Yr Q 836.00 580.49 588.16 588.2800 0.00 3.52 566.62 138.04 0.26 0.3

UT2‐R1 UT‐2 2632.17 Design Q 60.00 579.68 581.85 581.56 582.0800 0.01 4.02 24.66 48.96 0.60 0.66

UT2‐R1 UT‐2 2632.17 2‐Yr Q 171.00 579.68 582.73 582.41 583.0000 0.01 5.10 82.86 82.84 0.86 0.91

UT2‐R1 UT‐2 2632.17 10‐Yr Q 430.00 579.68 587.10 587.1200 0.00 1.99 650.09 164.80 0.04 0.1

UT2‐R1 UT‐2 2632.17 50‐Yr Q 713.00 579.68 587.91 587.9500 0.00 2.76 787.85 176.46 0.10 0.18

UT2‐R1 UT‐2 2632.17 100‐Yr Q 836.00 579.68 588.13 588.1800 0.00 3.09 827.07 179.64 0.14 0.22

UT2‐R1 UT‐2 2519.11 Design Q 60.00 579.55 580.99 580.71 581.1400 0.01 3.06 21.27 33.41 0.92 0.44

UT2‐R1 UT‐2 2519.11 2‐Yr Q 171.00 579.55 581.39 581.39 581.8400 0.02 5.53 43.08 66.84 2.72 1.3

UT2‐R1 UT‐2 2519.11 10‐Yr Q 430.00 579.55 587.09 587.1000 0.00 1.40 728.37 161.32 0.02 0.05

UT2‐R1 UT‐2 2519.11 50‐Yr Q 713.00 579.55 587.88 587.9100 0.00 2.01 861.06 172.85 0.05 0.09

UT2‐R1 UT‐2 2519.11 100‐Yr Q 836.00 579.55 588.09 588.1400 0.00 2.27 898.26 176.13 0.07 0.12

UT2‐R2 UT‐2 2417.44 Design Q 60.00 579.20 579.98 580.0800 0.01 2.50 23.97 52.21 0.92 0.37

UT2‐R2 UT‐2 2417.44 2‐Yr Q 171.00 579.20 581.32 581.3500 0.00 1.41 121.28 80.69 0.11 0.08

UT2‐R2 UT‐2 2417.44 10‐Yr Q 430.00 579.20 587.09 587.1000 0.00 0.70 725.80 137.32 0.00 0.01

UT2‐R2 UT‐2 2417.44 50‐Yr Q 713.00 579.20 587.88 587.9000 0.00 1.04 841.27 153.13 0.01 0.02

UT2‐R2 UT‐2 2417.44 100‐Yr Q 836.00 579.20 588.10 588.1200 0.00 1.19 874.56 157.83 0.02 0.03

UT2‐R2 UT‐2 2280.91 Design Q 60.00 578.03 579.38 578.86 579.4100 0.00 1.47 40.78 57.23 0.16 0.11

UT2‐R2 UT‐2 2280.91 2‐Yr Q 171.00 578.03 581.29 581.3000 0.00 0.95 185.51 84.02 0.03 0.03

UT2‐R2 UT‐2 2280.91 10‐Yr Q 430.00 578.03 587.09 587.0900 0.00 0.67 798.73 132.59 0.00 0.01

UT2‐R2 UT‐2 2280.91 50‐Yr Q 713.00 578.03 587.88 587.8900 0.00 1.00 907.98 142.78 0.01 0.02

UT2‐R2 UT‐2 2280.91 100‐Yr Q 836.00 578.03 588.09 588.1100 0.00 1.14 938.66 145.51 0.02 0.03

UT2‐R2 UT‐2 2168.87 Design Q 60.00 577.80 578.53 578.51 578.7300 0.03 3.61 16.61 37.98 2.81 0.78

UT2‐R2 UT‐2 2168.87 2‐Yr Q 171.00 577.80 581.28 581.2800 0.00 0.63 274.27 120.51 0.01 0.01

UT2‐R2 UT‐2 2168.87 10‐Yr Q 430.00 577.80 587.09 587.0900 0.00 0.44 1148.76 197.32 0.00 0

UT2‐R2 UT‐2 2168.87 50‐Yr Q 713.00 577.80 587.88 587.8900 0.00 0.66 1312.62 214.51 0.00 0.01

UT2‐R2 UT‐2 2168.87 100‐Yr Q 836.00 577.80 588.10 588.1000 0.00 0.75 1358.92 218.59 0.01 0.01

UT2‐R2 UT‐2 1992.96 Design Q 60.00 576.72 578.54 578.5400 0.00 0.58 103.81 90.81 0.01 0.01

UT2‐R2 UT‐2 1992.96 2‐Yr Q 171.00 576.72 581.27 581.2700 0.00 0.38 451.82 143.97 0.00 0

UT2‐R2 UT‐2 1992.96 10‐Yr Q 430.00 576.72 587.09 587.0900 0.00 0.32 1434.30 202.20 0.00 0

UT2‐R2 UT‐2 1992.96 50‐Yr Q 713.00 576.72 587.88 587.8900 0.00 0.48 1599.68 214.09 0.00 0

UT2‐R2 UT‐2 1992.96 100‐Yr Q 836.00 576.72 588.10 588.1000 0.00 0.55 1645.84 217.54 0.00 0.01

UT2‐R2 UT‐2 1940.74 Design Q 60.00 575.35 578.49 576.54 578.5200 0.00 1.41 42.65 26.80 0.09 0.07

UT2‐R2 UT‐2 1940.74 2‐Yr Q 171 575.35 581.2 577.43 581.26 0.000314 1.88 101.29 93.77 0.13 0.09

UT2‐R2 UT‐2 1940.74 10‐Yr Q 430 575.35 587.07 578.72 587.08 0.000042 1.13 991.39 174.42 0.01 0.03



Poplin Ridge Site UT2 (HEC‐RAS Output)

River Reach River Sta Profile Q Total Min Ch ElW.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Power Total Shear Chan

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/ft s) (lb/sq ft)

UT2‐R2 UT‐2 1940.74 50‐Yr Q 713 575.35 587.86 579.87 587.88 0.000083 1.68 1131.83 187.36 0.02 0.06

UT2‐R2 UT‐2 1940.74 100‐Yr Q 836 575.35 588.06 580.29 588.09 0.000105 1.91 1171.04 191.78 0.03 0.07

UT2‐R2 UT‐2 1914 Culvert

UT2‐R3 UT‐2 1887.97 Design Q 60 575.01 577.95 576.2 577.98 0.000634 1.54 39.76 20.11 0.11 0.08

UT2‐R3 UT‐2 1887.97 2‐Yr Q 171 575.01 579.29 577.09 579.4 0.001062 2.71 69.24 23.88 0.43 0.22

UT2‐R3 UT‐2 1887.97 10‐Yr Q 430 575.01 580.78 578.4 581.11 0.002017 4.71 109.02 57.55 1.75 0.6

UT2‐R3 UT‐2 1887.97 50‐Yr Q 713 575.01 581.74 579.47 582.35 0.003017 6.46 135.82 69.9 4.33 1.06

UT2‐R3 UT‐2 1887.97 100‐Yr Q 836 575.01 582.05 579.69 582.8 0.00347 7.17 144.62 72.99 5.84 1.28

UT2‐R3 UT‐2 1785.35 Design Q 65 575.46 577.76 577.85 0.004286 2.41 26.93 15.64 1.03 0.43

UT2‐R3 UT‐2 1785.35 2‐Yr Q 181 575.46 579.06 579.22 0.004285 3.37 75.34 62.56 0.75 0.7

UT2‐R3 UT‐2 1785.35 10‐Yr Q 454 575.46 580.62 580.81 0.003624 4.14 207.88 105.35 0.96 0.92

UT2‐R3 UT‐2 1785.35 50‐Yr Q 751 575.46 581.65 581.87 0.003583 4.74 331.13 133.47 1.24 1.12

UT2‐R3 UT‐2 1785.35 100‐Yr Q 881 575.46 582.01 582.23 0.003558 4.92 380.37 140.01 1.38 1.19

UT2‐R3 UT‐2 1661.22 Design Q 65 574.93 577.22 577.31 0.004324 2.42 26.85 15.63 1.04 0.43

UT2‐R3 UT‐2 1661.22 2‐Yr Q 181 574.93 578.52 578.68 0.004319 3.38 75.01 62.39 0.76 0.71

UT2‐R3 UT‐2 1661.22 10‐Yr Q 454 574.93 580.21 580.38 0.003174 3.95 221.11 108.59 0.81 0.83

UT2‐R3 UT‐2 1661.22 50‐Yr Q 751 574.93 581.25 581.44 0.00319 4.54 348 135.75 1.09 1.02

UT2‐R3 UT‐2 1661.22 100‐Yr Q 881 574.93 581.61 581.81 0.00319 4.73 398.2 142.31 1.22 1.09

UT2‐R3 UT‐2 1552.8 Design Q 65 574.46 576.76 576.85 0.004288 2.41 26.93 15.64 1.03 0.43

UT2‐R3 UT‐2 1552.8 2‐Yr Q 181 574.46 578.06 578.22 0.004284 3.37 75.35 62.56 0.75 0.7

UT2‐R3 UT‐2 1552.8 10‐Yr Q 454 574.46 579.92 580.06 0.002653 3.7 240.29 113.42 0.65 0.72

UT2‐R3 UT‐2 1552.8 50‐Yr Q 751 574.46 580.94 581.11 0.002746 4.29 370.84 138.77 0.91 0.9

UT2‐R3 UT‐2 1552.8 100‐Yr Q 881 574.46 581.3 581.48 0.00278 4.5 421.71 145.28 1.04 0.97

UT2‐R3 UT‐2 1408.17 Design Q 65 573.84 576.15 576.24 0.004227 2.4 27.06 15.67 1.01 0.42

UT2‐R3 UT‐2 1408.17 2‐Yr Q 181 573.84 577.44 577.6 0.004251 3.36 75.68 62.73 0.74 0.7

UT2‐R3 UT‐2 1408.17 10‐Yr Q 454 573.84 579.62 579.73 0.001935 3.3 277.81 122.32 0.44 0.56

UT2‐R3 UT‐2 1408.17 50‐Yr Q 751 573.84 580.62 580.76 0.002128 3.91 412.66 144.14 0.68 0.74

UT2‐R3 UT‐2 1408.17 100‐Yr Q 881 573.84 580.97 581.11 0.002212 4.13 463.91 150.96 0.79 0.81

UT2‐R3 UT‐2 1237.66 Design Q 65 573.11 575.44 575.53 0.004061 2.37 27.45 15.74 0.97 0.41

UT2‐R3 UT‐2 1237.66 2‐Yr Q 181 573.11 576.73 576.89 0.004147 3.33 76.72 63.25 0.72 0.69

UT2‐R3 UT‐2 1237.66 10‐Yr Q 454 573.11 579.38 579.46 0.001214 2.78 342.1 134.96 0.25 0.39

UT2‐R3 UT‐2 1237.66 50‐Yr Q 751 573.11 580.35 580.44 0.001479 3.42 480.37 153.23 0.45 0.55

UT2‐R3 UT‐2 1237.66 100‐Yr Q 881 573.11 580.68 580.79 0.001591 3.66 532 160.07 0.54 0.62

UT2‐R3 UT‐2 1073.14 Design Q 65 572.4 574.84 574.91 0.003438 2.23 29.11 16.06 0.8 0.36

UT2‐R3 UT‐2 1073.14 2‐Yr Q 181 572.4 576.1 576.24 0.003687 3.2 81.84 65.76 0.62 0.63

UT2‐R3 UT‐2 1073.14 10‐Yr Q 454 572.4 579.25 579.3 0.000734 2.31 422.78 145.41 0.14 0.26

UT2‐R3 UT‐2 1073.14 50‐Yr Q 751 572.4 580.17 580.24 0.001 2.96 564.8 164.17 0.28 0.4

UT2‐R3 UT‐2 1073.14 100‐Yr Q 881 572.4 580.48 580.56 0.001108 3.21 616.96 170.34 0.35 0.47

UT2‐R4 UT‐2 903.34 Design Q 74 571.67 574.21 574.3 0.003801 2.4 30.79 16.37 0.99 0.41

UT2‐R4 UT‐2 903.34 2‐Yr Q 192 571.67 575.5 575.63 0.003451 3.18 90.5 70.21 0.57 0.61

UT2‐R4 UT‐2 903.34 10‐Yr Q 478 571.67 579.16 579.19 0.000496 2.03 519.7 158.5 0.09 0.19

UT2‐R4 UT‐2 903.34 50‐Yr Q 790 571.67 580.03 580.09 0.000736 2.68 666.25 175.6 0.2 0.32

UT2‐R4 UT‐2 903.34 100‐Yr Q 926 571.67 580.33 580.39 0.000837 2.93 718.75 181.03 0.26 0.38

UT2‐R4 UT‐2 684.02 Design Q 74 570.73 573.57 573.64 0.002407 2.06 37.41 38.36 0.28 0.29

UT2‐R4 UT‐2 684.02 2‐Yr Q 192 570.73 574.98 575.07 0.001927 2.59 122.63 81.6 0.28 0.39

UT2‐R4 UT‐2 684.02 10‐Yr Q 478 570.73 579.09 579.11 0.00027 1.63 665.37 175.5 0.05 0.12

UT2‐R4 UT‐2 684.02 50‐Yr Q 790 570.73 579.93 579.96 0.000439 2.22 818.56 190.93 0.11 0.21



Poplin Ridge Site UT2 (HEC‐RAS Output)

River Reach River Sta Profile Q Total Min Ch ElW.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Power Total Shear Chan

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/ft s) (lb/sq ft)

UT2‐R4 UT‐2 684.02 100‐Yr Q 926 570.73 580.2 580.24 0.000515 2.46 872.13 196.04 0.15 0.26

UT2‐R4 UT‐2 525.85 Design Q 74 570.35 573.19 573.26 0.002406 2.06 37.42 38.37 0.28 0.29

UT2‐R4 UT‐2 525.85 2‐Yr Q 192 570.35 574.7 574.78 0.00169 2.47 131.02 84.31 0.23 0.35

UT2‐R4 UT‐2 525.85 10‐Yr Q 478 570.35 579.05 579.07 0.000217 1.5 726.9 181.86 0.04 0.1

UT2‐R4 UT‐2 525.85 50‐Yr Q 790 570.35 579.87 579.9 0.000365 2.08 880.67 196.84 0.09 0.18

UT2‐R4 UT‐2 525.85 100‐Yr Q 926 570.35 580.13 580.17 0.000433 2.31 933.68 201.75 0.12 0.22

UT2‐R4 UT‐2 295.58 Design Q 74 569.8 572.63 572.7 0.00244 2.07 37.1 37.9 0.29 0.29

UT2‐R4 UT‐2 295.58 2‐Yr Q 192 569.8 574.38 574.44 0.001273 2.23 150.69 90.25 0.17 0.28

UT2‐R4 UT‐2 295.58 10‐Yr Q 478 569.8 579.01 579.03 0.000159 1.34 822.09 191.27 0.02 0.08

UT2‐R4 UT‐2 295.58 50‐Yr Q 790 569.8 579.8 579.82 0.000281 1.89 977.44 205.71 0.07 0.15

UT2‐R4 UT‐2 295.58 100‐Yr Q 926 569.8 580.05 580.08 0.000338 2.11 1029.93 210.37 0.09 0.18

UT2‐R4 UT‐2 243.73 Design Q 74 569.68 572.5 570.99 572.57 0.00248 2.08 36.07 37.42 0.42 0.3

UT2‐R4 UT‐2 243.73 2‐Yr Q 192 569.68 574.26 571.92 574.36 0.001747 2.62 91.19 90.34 0.62 0.39

UT2‐R4 UT‐2 243.73 10‐Yr Q 478 569.68 579.01 573.43 579.02 0.000149 1.31 843.73 193.35 0.02 0.07

UT2‐R4 UT‐2 243.73 50‐Yr Q 790 569.68 579.78 574.36 579.81 0.000265 1.85 999.49 207.68 0.06 0.14

UT2‐R4 UT‐2 243.73 100‐Yr Q 926 569.68 580.03 574.72 580.06 0.00032 2.07 1051.89 212.29 0.09 0.18

UT2‐R4 UT‐2 215.8 Culvert

UT2‐R4 UT‐2 187.8 Design Q 74 569.55 572.07 570.86 572.16 0.00391 2.43 30.49 16.31 1.02 0.42

UT2‐R4 UT‐2 187.8 2‐Yr Q 192 569.55 573.3 571.79 573.48 0.004374 3.53 64.69 67.34 1.55 0.76

UT2‐R4 UT‐2 187.8 10‐Yr Q 478 569.55 574.65 573.3 575.08 0.006726 5.59 107.79 103.72 5.95 1.68

UT2‐R4 UT‐2 187.8 50‐Yr Q 790 569.55 575.51 574.21 576.25 0.009365 7.44 135.48 127.57 13.68 2.81

UT2‐R4 UT‐2 187.8 100‐Yr Q 926 569.55 575.8 574.59 576.69 0.010603 8.2 144.47 134.43 18.16 3.35

UT2‐R4 UT‐2 88.95 Design Q 74 569.31 571.56 570.61 571.68 0.006008 2.82 26.2 15.5 1.66 0.59

UT2‐R4 UT‐2 88.95 2‐Yr Q 192 569.31 572.76 571.54 572.98 0.006007 3.85 66.62 57.96 1.2 0.94

UT2‐R4 UT‐2 88.95 10‐Yr Q 478 569.31 574.11 573.13 574.41 0.006001 5.04 171.96 96.07 1.83 1.4

UT2‐R4 UT‐2 88.95 50‐Yr Q 790 569.31 575.06 573.92 575.4 0.006001 5.79 274.77 121.62 2.39 1.73

UT2‐R4 UT‐2 88.95 100‐Yr Q 926 569.31 575.4 574.19 575.75 0.006005 6.05 317.19 130.93 2.61 1.84
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POPLIN RIDGE STREAM  RESTORATION PROJECT
NCEEP PROJECT # 95359

FEBRUARY 2014
LOCATION: UNION COUNTY, NORTH CAROLINA

ENVIRONMENTAL BANC & EXCHANGE, LLC
909 CAPABILITY DRIVE, SUITE 3100

RALEIGH, NC 27606

VICINITY MAP
NTS

DESIGN CONSULTANT

PRELIMINARY
NOT FOR CONSTRUCTION

SHEET LIST TABLE

Sheet
Number Sheet Title

1 COVER
2 EXISTING CONDITIONS UT1
3 EXISTING CONDITIONS UT2
4 PLAN AND PROFILE UT1-1
5 PLAN AND PROFILE UT1-1
6 PLAN AND PROFILE UT1-2
7 PLAN AND PROFILE UT1-2
8 PLAN AND PROFILE UT1-2
9 PLAN AND PROFILE UT1-3

10 PLAN AND PROFILE UT1-3
11 PLAN AND PROFILE UT1-4
12 PLAN AND PROFILE UT1-4
13 PLAN AND PROFILE UT1-4
14 PLAN AND PROFILE UT1-A
15 PLAN AND PROFILE UT1-B
16 PLAN AND PROFILE UT1-B
17 PLAN AND PROFILE UT1-C
18 PLAN AND PROFILE UT1-C
19 PLAN AND PROFILE UT2-1
20 PLAN AND PROFILE UT2-2
21 PLAN AND PROFILE UT2-2
22 PLAN AND PROFILE UT2-3
23 PLAN AND PROFILE UT2-4
24 PLAN AND PROFILE UT2-A
25 PLANTING PLAN UT1
26 PLANTING PLAN UT2
27 MONITORING LOCATIONS
28 EROSION & SEDIMENT CONTROL PLAN - UT1
29 EROSION & SEDIMENT CONTROL PLAN - UT2
30 EROSION & SEDIMENT CONTROL NOTES
31 DETAIL 1
32 DETAIL 2
33 DETAIL 3
34 DETAIL 4
35 DETAIL 5
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