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EXECUTIVE SUMMARY 
Restoration Systems, LLC has established the Aycock Springs Stream and Wetland Mitigation Site (Site) 
located approximately 1.5 miles north of Elon and Gibsonville in western Alamance County.  The Site is 
encompassed within 14-digit Cataloging Unit and Targeted Local Watershed 03030002030010 of the Cape 
Fear River Basin.  
 
Prior to construction, the Site encompassed approximately 13 acres of agricultural land used for livestock 
grazing and timber production.  The Site is situated along Travis Creek and four unnamed tributaries (UTs) 
to Travis Creek.  Existing streams were cleared, dredged, trampled by livestock, eroded vertically and 
laterally, and received extensive sediment and nutrient inputs from livestock and adjacent runoff.  A 
breached dam was located at the downstream extent of Travis Creek which didn’t effectively pass storm 
flows and impounded water during rain events.  In addition, streamside wetlands were cleared and drained 
by channel downcutting and land uses.  The Site was identified to assist the North Carolina Division of 
Mitigation Services (NCDMS) in meeting its stream and wetland restoration goals.  
 
The following table summarizes the project goals/objectives and proposed functional uplift based on 
proposed Site restoration activities and observations of two reference areas located in the vicinity of the 
Site.   
 
Project Goals and Objectives 

Project Goal/Objective How Goal/Objective will be Accomplished 
Improve Hydrology

Restore Floodplain Access  Building a new channel at the historic floodplain elevation to restore 
overbank flows 

Restore Wooded Riparian Buffer Planting a woody riparian buffer
Restore Stream Stability 

Providing proper channel width and depth, stabilizing channel banks, 
providing gravel/cobble substrate, planting a woody riparian buffer, and 
removing cattle  

Improve Sediment Transport to Convert the UTs 
from Sand/Silt Dominated to Gravel/Cobble 
Dominated Streams 
Improve Stream Geomorphology 
Increase Surface Storage and Retention  Building a new channel at the historic floodplain elevation restoring 

overbank flows, removing cattle, scarifying compacted soils, and 
planting woody vegetation Restore Appropriate Inundation/Duration  

Increase Subsurface Storage and Retention  Raising the stream bed elevation and rip compacted soils
Improve Water Quality

Increase Upland Pollutant Filtration Planting a native, woody riparian buffer
Increase Thermoregulation Planting a native, woody riparian buffer
Reduce Stressors and Sources of Pollution Removing cattle and other agricultural inputs 
Increase Removal and Retention of Pathogens, 
Particulates (Sediments), Dissolved Materials 
(Nutrients), and Toxins from the Water Column  

Raising the stream bed elevation, restoring overbank flows, planting with 
woody vegetation, removing cattle, increasing surface storage and 
retention, and restoring appropriate inundation/duration 

Increase Energy Dissipation of 
Overbank/Overland Flows/Stormwater Runoff  

Raising the stream bed elevation, restoring overbank flows, and planting 
with woody vegetation 

Restore Habitat

Restore In-stream Habitat 
Building a stable channel with a cobble/gravel bed and planting a woody 
riparian buffer 

Restore Stream-side Habitat 
Planting a woody riparian buffer 

Improve Vegetation Composition and Structure
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Positive aspects supporting mitigation activities at the Site include the following. 
 

 Streams have a Best Usage Classification of WS-V, NSW 
 Located in a Targeted Local Watershed and within the NCDMS Travis, Tickle, Little Alamance 

Local Watershed Planning (LWP) Area 
 Travis Creek is listed on the NCDENR 2012 303(d) list for ecological/biological integrity 
 Immediately south and abutting the Site is a property identified in the Little Alamance, Travis, & 

Tickle Creek Watersheds Restoration Plan (PTCOG 2008) as a target property for wetland 
restoration and streambank enhancement/conservation 

 Immediately west of the Site is a large tract associated with Guilford County open space 
 
Project construction and planting was completed between February 3, 2016 and April 8, 2016.  Site 
activities included the restoration of perennial and intermittent stream channels, enhancement (Level II) of 
perennial stream channel, and re-establishment of riparian wetlands.  Priority I restoration of intermittent 
channels at the Site is imperative to provide significant functional uplift to Site hydrology, water quality, 
and habitat, in addition to restore adjacent streamside, riparian wetlands.  A total of 3581 Stream 
Mitigation Units (SMUs) and 0.5 Riparian Wetland Mitigation Units (WMUs) are being provided as 
depicted in the following table.   
 

Stream Mitigation Type 
Perennial Stream 

(linear feet) 
Intermittent Stream 

(linear feet) 
Ratio 

Stream 
Mitigation 

Units 
Restoration 3147 90 1:1 3237
Restoration (See Notes below)** 122 1:5:1 81
Enhancement (Level II) 657 -- 2.5:1 263

TOTAL 3804 212  3581

Wetland Mitigation Type Acreage Ratio 
Riparian Wetland 
Mitigation Units 

Riparian Re-establishment 0.5 1:1 0.5
Riparian Enhancement 1.5* --

TOTAL 2.0 0.5 
*  Wetland enhancement acreage is not included in mitigation credit calculations as per RFP 16-005568 requirements.
**  Prior to Site selection, the landowner received a violation for unauthorized discharge of fill material into Waters 

of the United States.  Fill resulted from unpermitted upgrades to a farm pond dam, including widening the dam 
footprint, dredging stream channel, and casting spoil material adjacent to the stream channel on jurisdictional 
wetlands.  Prior to restoration activities the landowner was required to obtain an after-the-fact permit to resolve 
the violations of Section 301 of the Clean Water Act (Action ID:SAW-2014-00665).  In addition, stream reaches 
and wetland areas associated with the violation have been removed from credit generation. 

 
In addition, the landowner received a violation for riparian buffer impacts due to clearing of trees adjacent to 
streams draining to Jordan Lake (NOV-2013-BV-0001).  As a result of this violation, the upper 122 linear feet of 
UT 3 has a reduced credit ratio (1.5:1).  On-site visits conducted with USACE representatives determined that 
the functional uplift of project restoration to UT 3 would be satisfactory to generate credit at this ratio. 
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1.0 PROJECT GOALS, BACKGROUND, AND ATTRIBUTES 
 
1.1 Location and Setting  
Restoration Systems, LLC has established the Aycock Springs Stream and Wetland Mitigation Site (Site) 
located approximately 1.5 miles north of Elon and Gibsonville in western Alamance County (Figure 1, 
Appendix A).  Prior to construction, the Site encompassed approximately 13 acres of agricultural land used 
for livestock grazing, hay production, and timber harvest.  Streams were cleared, trampled by livestock, 
eroded vertically and laterally, and received extensive sediment and nutrient inputs from livestock and 
timber harvest activities.  Stream impacts in Travis Creek also occurred due to a breached dam that 
impounded water during storm events.  In addition, streamside wetlands were drained by channel incision, 
soil compaction, the loss of forest vegetation, and land uses.   
 
Directions to the Site from Interstate 40/85 in Burlington/Elon, North Carolina. 

 Exit onto University Drive (I-40/85 Exit 140) and travel north towards Elon, 
 Travel north for 2.8 miles and merge with NC 100, 
 Continue on University Drive (NC 100) for 0.5 mile and turn left onto Manning Street (SR 1503), 
 Travel northwest for 0.8 mile and turn right onto Gibsonville-Ossipee Road (SR 1500), 
 Travel north for 0.7 mile and Site is on the right. 

o Site Latitude, Longitude 36.127271ºN, 79.525214ºW (NAD83/WGS84) 
 
1.2 Project Goals and Objectives 
Based on the Cape Fear River Basin Restoration Priorities Report 2009 (NCEEP 2009) and the Little 
Alamance, Travis, & Tickle Creek Watersheds Restoration Plan (PTCOG 2008), Targeted Local Watershed 
03030002030010 is not meeting its designated use of supporting aquatic life.  Agricultural land use appears 
to be the main source of stress in the Hydrologic Unit, as well as land clearing and poor riparian 
management.  This project will meet the eight priority goals of the Travis, Tickle, Little Alamance Local 
Watershed Plan (LWP) including the following.  
 

1) Reduce sediment loading  
2) Reduce nutrient loading  
3) Manage stormwater runoff  
4) Reduce toxic inputs  
5) Provide and improve instream habitat  
6) Provide and improve terrestrial habitat  
7) Improve stream stability  
8) Improve hydrologic function 

 
The following six goals were identified by the Stakeholder group of the Travis, Tickle, Little Alamance 
LWP Phase I assessment which address the water quality impacts and watershed needs in all of the Little 
Alamance, Travis, Tickle watersheds in 2006. 
 

1) Increase local government awareness of the impacts of urban growth on water resources 
2) Strengthen watershed protection standards 
3) Improve water quality through stormwater management 
4) Identify and rank parcels for retrofits, stream repair, preservation, and/or conservation 
5) Assess aquatic health to identify stressors that are the most likely causes of poor biological 

conditions 
6) Meet requirements of outside funding sources for implementation of projects 
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The following table summarizes the project goals/objectives and proposed functional uplift based on 
restoration activities and observations of two reference areas located in the vicinity of the Site.  Goals and 
objectives target functional uplift identified in the Travis, Tickle, Little Alamance LWP and based on 
stream/wetland functional assessments developed by the regulatory agencies. 
 
Project Goals and Objectives 

Project Goal/Objective How Goal/Objective will be Accomplished 
Improve Hydrology

Restore Floodplain Access  
Building a new channel at the historic floodplain elevation to restore 
overbank flows 

Restore Wooded Riparian Buffer Planting a woody riparian buffer
Restore Stream Stability 

Providing proper channel width and depth, stabilizing channel banks, 
providing gravel/cobble substrate, planting a woody riparian buffer, and 
removing cattle  

Improve Sediment Transport to Convert the UTs 
from Sand/Silt Dominated to Gravel/Cobble 
Dominated Streams 
Improve Stream Geomorphology 
Increase Surface Storage and Retention  Building a new channel at the historic floodplain elevation restoring 

overbank flows, removing cattle, scarifying compacted soils, and 
planting woody vegetation Restore Appropriate Inundation/Duration  

Increase Subsurface Storage and Retention  Raising the stream bed elevation and rip compacted soils
Improve Water Quality

Increase Upland Pollutant Filtration Planting a native, woody riparian buffer
Increase Thermoregulation Planting a native, woody riparian buffer
Reduce Stressors and Sources of Pollution Removing cattle and other agricultural inputs 
Increase Removal and Retention of Pathogens, 
Particulates (Sediments), Dissolved Materials 
(Nutrients), and Toxins from the Water Column  

Raising the stream bed elevation, restoring overbank flows, planting with 
woody vegetation, removing cattle, increasing surface storage and 
retention, and restoring appropriate inundation/duration 

Increase Energy Dissipation of 
Overbank/Overland Flows/Stormwater Runoff  

Raising the stream bed elevation, restoring overbank flows, and planting 
with woody vegetation 

Restore Habitat

Restore In-stream Habitat 
Building a stable channel with a cobble/gravel bed and planting a woody 
riparian buffer 

Restore Stream-side Habitat 
Planting a woody riparian buffer 

Improve Vegetation Composition and Structure
 
1.3 Project Structure, Restoration Type, and Approach 
 
1.3.1 Project Structure 
Prior to construction, Site UTs were cleared, dredged of cobble substrate, trampled by livestock, eroded 
vertically and laterally, and received extensive sediment and nutrient inputs from livestock.  Approximately 
95 percent of the UT stream channels were degraded contributing to sediment and nutrient export from the 
Site.  In addition, streamside wetlands were cleared and drained by channel downcutting and land uses.   
 
Two outer bends of Travis Creek targeted for restoration were characterized by excessive shear and tight 
meander radii.  In addition, the downstream reach characterized by a partially breached dam, which impeded 
stormwater pulses, resulting in hydrologic stacking of water upstream from the breached area.  
Approximately 30 percent of the Travis Creek stream channel was degraded by vegetative clearing, erosion 
of channel banks, and impediment of stormwater flows. 
 
Prior Site conditions resulted in degraded water quality, a loss of aquatic habitat, reduced nutrient and 
sediment retention, and unstable channel characteristics (loss of horizontal flow vectors that maintain pools 
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and an increase in erosive forces to channel bed and banks).  Site restoration activities restored riffle-pool 
morphology, aided in energy dissipation, increased aquatic habitat, stabilized channel banks, and greatly 
reduced sediment loss from channel banks. 
 
1.3.2 Restoration Type and Approach 
Restoration and protection of aquatic resources with a conservation easement will result in net gains in 
hydrology, water quality, and habitat functions at the Site.  Site construction was completed on April 6, 
2016 and Site planting was completed on April 8, 2016.  A summary of mitigation activities includes the 
following. 
 

 Providing a minimum of 3581 SMUs, as calculated in accordance with the requirements stipulated 
in RFP #16-005568. 
o Restoring approximately 3359 linear feet of stream channel through construction of stable 

stream channels in the historic floodplain location and elevation. 
o Enhancing (Level II) approximately 657 linear feet of stream channel by ceasing current land 

use practices, removing invasive species, spot treating stressed banks with willow stakes and 
brush mattresses, and planting with native forest vegetation. 

 Providing a minimum of 0.5 riparian WMUs, as calculated in accordance with the requirements 
stipulated in RFP #16-005568. 
o Restoring 0.5 acre of riparian wetland by removing livestock, restoring compacted soils, raising 

stream channels to historic elevations, and rehydrating floodplain soils. 
o Enhancing an additional 1.5 acres of riparian wetland. 

 Removing cattle from the Site and fencing the entire conservation easement. 
 Revegetating wetlands, floodplains, and slopes adjacent to restored streams. 
 Protecting the Site in perpetuity with a conservation easement. 
 

Completed project activities, reporting history, completion dates, project contacts, and project attributes are 
summarized in Tables 1-4 (Appendix A).   
 
2.0 SUCCESS CRITERIA 
 
2.1 Streams 
Monitoring and success criteria for stream restoration should relate to project goals and objectives.  From 
a mitigation perspective, several of the goals and objectives are assumed to be functionally elevated by 
restoration activities without direct measurement.  Other goals and objectives will be considered successful 
upon achieving vegetation success criteria.  The following summarizes stream success criteria related to 
goals and objectives. 
 

Project Goal/Objective Stream Success Criteria 
Improve Hydrology 

Restore Floodplain Access  
Two overbank events in separate monitoring years will be 
documented during the monitoring period. 

Restore Wooded Riparian Buffer Attaining Vegetation Success Criteria (Section 2.2).

Restore Stream Stability 
Cross-sections, monitored annually, will be compared to as-
built measurements to determine channel stability and 
maintenance of channel geomorphology. 

Improve Stream Geomorphology 
Convert stream channels from unstable G- and F-type 
channels to stable E- and C- type stream channels. 

Increase Surface Storage and Retention  Two overbank events in separate monitoring years, and 
attaining Wetland and Vegetation Success Criteria (Sections 
2.3 and 2.2). Restore Appropriate Inundation/Duration  
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Increase Subsurface Storage and Retention 

Two overbank events will be documented, in separate years, 
during the monitoring period and documentation of an elevated 
groundwater table (within 12 inches of the soil surface) for 
greater than 10 percent of the growing season during average 
climatic conditions. 

Improve Sediment Transport to Convert the UTs 
from Sand/Silt Dominated to Gravel/Cobble 
Dominated Streams 

Pebble counts documenting coarsening of bed material from 
pre-existing conditions of sand and silt to post restoration 
conditions of gravel and cobble. 

Improve Water Quality 

Increase Upland Pollutant Filtration 
Attaining Wetland and Vegetation Success Criteria (Sections 
2.3 and 2.2) 

Increase Thermoregulation Attaining Vegetation Success Criteria (Section 2.2).

Reduce Stressors and Sources of Pollution Fencing maintained throughout the monitoring period and 
encroachment within the easement eliminated. 

Increase Removal and Retention of Pathogens, 
Particulates (Sediments), Dissolved Materials 
(Nutrients), and Toxins from the Water Column  

Removal of cattle, documentation of two overbank events in 
separate monitoring years, and attaining Vegetation Success 
Criteria (Section 2.2) 

Increase Energy Dissipation of Overbank/Overland 
Flows/Stormwater Runoff  

Documentation of two overbank events in separate monitoring 
years and attaining Vegetation Success Criteria (Section 2.2) 

Restore Habitat 

Restore In-stream Habitat 

Pebble counts documenting coarsening of bed material from 
pre-existing conditions of sand and silt to post restoration 
conditions of gravel and cobble, and attaining Vegetation 
Success Criteria (Section 2.2) 

Restore Stream-side Habitat Attaining Vegetation Success Criteria (Section 2.2) 
Improve Vegetation Composition and Structure Attaining Vegetation Success Criteria (Section 2.2) 

 
2.2 Vegetation  
An average density of 320 planted stems per acre must be surviving in the first three monitoring years.  
Subsequently, 290 planted stems per acre must be surviving in year 4, 260 planted stems per acre in year 5, 
and 210 planted stems per acre in year 7.  In addition, planted vegetation must average 10 feet in height in 
each plot at year 7 since this Site is located in the Piedmont.  Volunteer stems may be considered on a case-
by-case basis in determining overall vegetation success; however, volunteer stems should be counted 
separately from planted stems. 
 
2.3 Wetland Hydrology  
Monitoring and success criteria for wetland re-establishment should relate to project goals and objectives.  
From a mitigation perspective, several of the goals and objectives are assumed to be functionally elevated 
by restoration activities without direct measurement.  Other goals and objectives will be considered 
successful upon achieving vegetation success criteria.  The following summarizes wetland success criteria 
related to goals and objectives. 
 
According to the Soil Survey of Alamance County, the growing season for Alamance County is from April 
17 – October 22 (USDA 1960).  However, the start date for the growing season is not typical for the 
Piedmont region; therefore, for purposes of this project gauge hydrologic success will be determined using 
data from February 1 - October 22 to more accurately represent the period of biological activity.  This will 
be confirmed annually by soil temperatures and/or bud burst.  The growing season will be initiated each 
year on the documented date of biological activity.  Photographic evidence of bud burst and field logs of 
date and temperature will be included in the annual monitoring reports. 
 
Target hydrological characteristics include saturation or inundation for 10 percent of the monitored period 
(February 1-October 22), during average climatic conditions.  During years with atypical climatic 
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conditions, groundwater gauges in reference wetlands may dictate threshold hydrology success criteria (75 
percent of reference).  These areas are expected to support hydrophytic vegetation.  If wetland parameters 
are marginal as indicated by vegetation and/or hydrology monitoring, a jurisdictional determination will be 
performed.   
 
Wetland Goals and Success Criteria 

Project Goal/Objective Wetland Success Criteria 
Improve Hydrology 

Restore Wooded Riparian Buffer Attaining Vegetation Success Criteria (Section 2.2).
Increase Surface Storage and Retention  Two overbank events in separate monitoring years, and 

attaining Wetland and Vegetation Success Criteria (Sections 2.3 
and 2.2). 

Restore Appropriate Inundation/Duration  
Increase Subsurface Storage and Retention 

Improve Water Quality 

Increase Upland Pollutant Filtration 
Attaining Wetland and Vegetation Success Criteria (Sections 
2.3 and 2.2). 

Reduce Stressors and Sources of Pollution 
Fencing maintained throughout the monitoring period and 
encroachment within the easement eliminated. 

Increase Removal and Retention of Pathogens, 
Particulates (Sediments), Dissolved Materials 
(Nutrients), and Toxins from the Water Column  

Removal of cattle, documentation of two overbank events in 
separate monitoring years, and attaining Vegetation Success 
Criteria (Section 2.2). 

Increase Energy Dissipation of Overbank/Overland 
Flows/Stormwater Runoff  

Documentation of two overbank events in separate monitoring 
years, and attaining Vegetation Success Criteria (Section 2.2). 

Restore Habitat 
Restore Stream-side Habitat 

Attaining Vegetation Success Criteria (Section 2.2). 
Improve Vegetation Composition and Structure

 
3.0 MONITORING PLAN 
Monitoring requirements and success criteria outlined in the latest guidance by US Army Corps of 
Engineers (USACE) in April 2003 (Stream Mitigation Guidelines) will be followed and are briefly outlined 
below.  Monitoring data collected at the Site should include reference photos, plant survival analysis, 
channel stability analysis, and biological data, if specifically required by permit conditions.   
 
Wetland hydrology is proposed to be monitored for a period of seven years (years 1-7).  Riparian vegetation 
and stream morphology is proposed to be monitored for a period of seven years with measurements 
completed in years 1-3, year 5, and year 7.  Monitoring reports for years 4 and 6 will include photo 
documentation of stream stability and wetland hydrology monitoring data.  If monitoring demonstrates the 
Site is successful by year 5 and no concerns have been identified, Restoration Systems may propose to 
terminate monitoring at the Site and forego monitoring requirements for years 6 and 7.  Early closure will 
only be provided through written approval from the USACE in consultation with the Interagency Review 
Team (NC IRT).  Monitoring will be conducted by Axiom Environmental, Inc.  Annual monitoring reports 
of the data collected will be submitted to the NCDMS by Restoration Systems no later than December 31 
of each monitoring year data is collected.   
 
3.1 Streams 
Annual monitoring will include development of channel cross-sections and substrate on riffles and pools.  
Data to be presented in graphic and tabular format will include 1) cross-sectional area, 2) bankfull width, 
3) average depth, 4) maximum depth, 5) width-to-depth ratio, 6) bank height ratio, and 7) entrenchment 
ratio.  Longitudinal profiles will not be measured routinely unless monitoring demonstrates channel bank 
or bed instability, in which case, longitudinal profiles may be required by the USACE along reaches of 
concern to track changes and demonstrate stability. 
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Visual assessment of in-stream structures will be conducted to determine if failure has occurred.  Failure of 
a structure may be indicated by collapse of the structure, undermining of the structure, abandonment of the 
channel around the structure, and/or stream flow beneath the structure.  In addition, visual assessments of 
the entire channel will be conducted in years 1-3, 5, and 7 of monitoring as outlined in NCDMS Monitoring 
Requirements and Reporting Standards for Stream and/or Wetland Mitigation.  Areas of concern will be 
depicted on a plan view figure identifying the location of concern along with a written assessment and 
photograph of the area. 
 
3.2 Vegetation 
After planting was completed on April 8, 2016, an initial evaluation was performed to verify planting 
methods and to determine initial species composition and density.  Supplemental planting and additional 
Site modifications will be implemented, if necessary. 
 
During quantitative vegetation sampling, 14 sample plots (10-meter by 10-meter) were installed within the 
Site as per guidelines established in CVS-EEP Protocol for Recording Vegetation, Version 4.2 (Lee et al. 
2008).  In each sample plot, vegetation parameters to be monitored include species composition and species 
density.  Visual observations of the percent cover of shrub and herbaceous species will also be documented 
by photograph.  Baseline vegetation plot information can be found in Appendix C.  Initial stem count 
measurements indicate an average of 593 planted stems per acre across the Site.  In addition, each vegetation 
plot exceeded the minimum criteria for success. 
 
3.3 Wetland Hydrology  
Three groundwater monitoring gauges were installed to take measurements after hydrological 
modifications were performed at the Site.  Hydrological sampling will continue throughout the growing 
season at intervals necessary to satisfy jurisdictional hydrology success criteria (USEPA 1990).  In addition, 
a surface water gauge has been installed in Tributary 3 to monitor flow regime of the tributary.  
Approximate locations of gauges are depicted on Figure 2 (Appendix A) and Asbuilt Plan Sheets (Appendix 
D).   
 
4.0 MAINTENANCE AND CONTINGENCY 
In the event that success criteria are not fulfilled, a mechanism for contingency will be implemented.   
 
Stream 
In the event that stream success criteria are not fulfilled, a mechanism for contingency will be implemented.  
Stream contingency may include, but may not be limited to 1) structure repair and/or installation; 2) repair 
of dimension, pattern, and/or profile variables; and 3) bank stabilization.  The method of contingency is 
expected to be dependent upon stream variables that are not in compliance with success criteria.  Primary 
concerns, which may jeopardize stream success, include 1) structure failure, 2) headcut migration through 
the Site, and/or 3) bank erosion. 
 
Structure Failure 
In the event that structures are compromised the affected structure will be repaired, maintained, or replaced.  
Once the structure is repaired or replaced, it must function to stabilize adjacent stream banks and/or 
maintain grade control within the channel.  Structures which remain intact, but exhibit flow around, beneath, 
or through the header/footer will be repaired by excavating a trench on the upstream side of the structure 
and reinstalling filter fabric in front of the pilings.  Structures which have been compromised, resulting in 
shifting or collapse of header/footer, will be removed and replaced with a structure suitable for Site flows. 
 
 



 

 
Monitoring Baseline Document and Asbuilt Report Page 7 
Aycock Springs Stream and Wetland Mitigation Site 

Headcut Migration Through the Site 
In the event that a headcut occurs within the Site (identified visually or through measurements [i.e. bank-
height ratios exceeding 1.4]), provisions for impeding headcut migration and repairing damage caused by 
the headcut will be implemented.  Headcut migration may be impeded through the installation of in-stream 
grade control structures (rip-rap sill and/or log cross-vane weir) and/or restoring stream geometry variables 
until channel stability is achieved.  Channel repairs to stream geometry may include channel backfill with 
coarse material and stabilizing the material with erosion control matting, vegetative transplants, and/or 
willow stakes. 
 
Bank Erosion 
In the event that severe bank erosion occurs within the Site, resulting in elevated width-to-depth ratios, 
contingency measures to reduce bank erosion and width-to-depth ratio will be implemented.  Bank erosion 
contingency measures may include the installation of log-vane weirs and/or other bank stabilization 
measures.  If the resultant bank erosion induces shoot cutoffs or channel abandonment, a channel may be 
excavated which will reduce shear stress to stable values.   
 
Vegetation 
If vegetation success criteria are not achieved based on average density calculations from combined plots 
over the entire restoration area, supplemental planting may be performed with tree species approved by 
regulatory agencies.  Supplemental planting will be performed as needed until achievement of vegetation 
success criteria.  
Hydrology 
Hydrological contingency will require consultation with hydrologists and regulatory agencies if wetland 
hydrology enhancement is not achieved.  Floodplain surface modifications, including construction of 
ephemeral pools, represent a likely mechanism to increase the floodplain area in support of jurisdictional 
wetlands.  Recommendations for contingency to establish wetland hydrology will be implemented and 
monitored until Hydrology Success Criteria are achieved.  
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Table 1.  Project Components and Mitigation Credits 
Aycock Springs Mitigation Site  

Mitigation Credits
Stream Stream Riparian Wetland Nonriparian Wetland

Restoration Enhancement Re-establishment Re-establishment
3318 263 0.5 -- 

Projects Components

Station Range 
Existing Linear 

Footage/ 
Acreage 

Priority 
Approach

Restoration/
Restoration 
Equivalent 

Restoration 
Linear Footage/ 

Acreage 

Mitigation 
Ratio 

Mitigation 
Credits 

Comment 

UT 1  Station 10+04 to 23+21 1173 PI Restoration 
1317-24= 

1293 1:1 1293 
24 lf of UT 1 is located outside of 

easement and is not credit generating 
UT 2  Station 10+00 to 16+75 723 PI Restoration 675 1:1 675

UT 3 Station 10+00 to 11+22 147 PI Restoration 122 1.5:1 81 

*** The upper 122 linear feet of 
channel is in a violation area and is 

generating credit at a reduced ratio of 
1.5:1 

UT 3 Station 11+22 to 12+12 16 PI Restoration 90 1:1 90

UT 4  Station 10+00 to 14+13 448 PI Restoration 
413-107= 

306 1:1 306 
****The upper 107 linear feet of 

channel is in a violation area and is not 
credit generating 

Travis Creek 
Station 10+00 to 15+78 

578  EII 
578-20= 

558 2.5:1 223 
The upper 20 linear feet of Travis 

Creek is within a powerline easement 
and is not credit generating 

Travis Creek 
Station 15+78 to 17+87 

274 PII Restoration 209 1:1 209  

Travis Creek 
Station 17+87 to 18+86 

99  EII 99 2.5:1 40  

Travis Creek 
Station 23+71 to 30+35 

936 PI Restoration 664 1:1 664  
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Table 1.  Project Components and Mitigation Credits (continued) 
Aycock Springs Mitigation Site  

Component Summation
Restoration Level Stream (linear footage) Riparian Wetland (acreage) Nonriparian Wetland (acreage) 

Restoration 3359 0.5 --
Enhancement (Level 1) -- -- --
Enhancement (Level II) 657 --

Enhancement -- 1.5**
Totals  4016 -- --

Mitigation Units 3581 SMUs 0.5 Riparian WMUs 0.00 Nonriparian WMUs
**Wetland enhancement acreage is not included in mitigation credit calculations as per RFP 16-005568 requirements. 
***Prior to Site selection, the landowner received a violation for riparian buffer impacts due to clearing of trees adjacent to streams draining to Jordan 
Lake (NOV-2013-BV-0001).  As a result of this violation, the upper 122 linear feet of UT 3 has a reduced credit ratio of 1.5:1.  On-site visits conducted 
with USACE representatives determined that the functional uplift of project restoration to UT 3 would be satisfactory to generate credit at this ratio. 

**** Prior to Site selection, the landowner received a violation for unauthorized discharge of fill material into Waters of the United States.  Fill resulted 
from unpermitted upgrades to a farm pond dam, including widening the dam footprint, dredging stream channel, and casting spoil material adjacent to 
the stream channel on jurisdictional wetlands.  Prior to restoration activities the landowner was required to obtain an after-the-fact permit to resolve the 
violations of Section 301 of the Clean Water Act (Action ID:SAW-2014-00665).  In addition, stream reaches and wetland areas associated with the 
violation area have been removed from credit generation – UT 4 begins credit generation at Station 11+07). 

.
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Table 2.  Project Activity and Reporting History  
Aycock Springs Mitigation Site 

Activity or Deliverable 
Data Collection

Complete 
Completion 
or Delivery 

Technical Proposal (RFP No. 16-005568) -- October 2013 
DMS Contract No. 5791 -- February 2014 
Mitigation Plan October 2014 May 2015 
Construction Plans -- June 2015 
Construction Earthwork -- April 6, 2016 
Planting -- April 8, 2016 
As-Built Documentation April 2016 May 2016 

 
Table 3.  Project Contacts Table 
Aycock Springs Mitigation Site 

Full Delivery Provider Restoration Systems 
1101 Haynes Street, Suite 211 
Raleigh, North Carolina 27604 
Worth Creech 
919-755-9490 

Designer and Monitoring Provider Axiom Environmental, Inc. 
218 Snow Avenue 
Raleigh, NC 27603 
Grant Lewis  
919-215-1693 

 
Table 4.  Project Attribute Table 
Aycock Springs Mitigation Site  

Project Information 
Project Name Aycock Springs Restoration Site  
Project County Alamance County, North Carolina 
Project Area (acres) 15 
Project Coordinates (latitude & latitude) 36.127271ºN, 79.525214ºW 

Project Watershed Summary Information 
Physiographic Province Piedmont 
Project River Basin Cape Fear 
USGS HUC for Project (14-digit) 03030002030010 
NCDEQ Sub-basin for Project 03-06-02 
Project Drainage Area (acres) 26-3008 
Project Drainage Area Percentage of 
Impervious Area 

<2% 
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Table 4.  Project Attribute Table (continued) 
Aycock Springs Mitigation Site 

Reach Summary Information 
Parameters Travis Cr UT 1/UT2 UT 3 UT 4 

Length of reach (linear feet) 1550 1966 212 413 
Valley Classification alluvial 
Drainage Area (acres) 3008 68 26 119 
NCDWQ Stream ID Score -- 30.75/25.5 26.75 27.5 
NCDWR Water Quality Classification WS-V, NSW 
Existing Morphological Description (Rosgen 1996) Cg 5/6-, Eg 5-, and Fc 5-type 
Existing Evolutionary Stage (Simon and Hupp 1986) IV IV III III 

Underlying Mapped Soils 
Cecil, Helena, Mixed Alluvial Land, Severely 

Gullied Land, Worsham 

Drainage Class 
Well-drained, moderately well-drained, poorly 

drained, variable, poorly drained 
Hydric Soil Status Nonhydric and Hydric 
Slope 0.0023 0.0249 0.0153 0.0093 
FEMA Classification AE  Special Hazard Flood Area 

Native Vegetation Community 
Piedmont Alluvial Forest/Dry-Mesic Oak-Hickory 

Forest 

Watershed Land Use/Land Cover (Site) 
42% forest, 53% agricultural land, <5% low 

density residential/impervious surface 
Watershed Land Use/Land Cover (Cedarock 
Reference Channel) 

65% forest, 30% agricultural land, <5% low 
density residential/impervious surface 

Percent Composition of Exotic Invasive Vegetation  < 5% 
Wetland Summary Information 

Parameters Wetlands 
Wetland acreage 1.6 
Wetland Type Riparian 
Mapped Soil Series Worsham and Mixed Alluvial Land 
Drainage Class Poorly drained 
Hydric Soil Status Hydric 
Source of Hydrology Groundwater, stream overbank 
Hydrologic Impairment Incised streams, compacted soils, livestock  
Native Vegetation Community Piedmont/Low Mountain Alluvial Forest 
Percent Composition of Exotic Invasive Vegetation  <5% 

Regulatory Considerations 

Regulation Applicable? Resolved? 
Supporting 

Documentation 
Waters of the United States-Section 401 Yes Resolved 404 Permit 
Waters of the United States-Section 404 Yes Resolved 401 Certification 
Endangered Species Act No -- CE Doc. 
Historic Preservation Act No -- CE Doc. 
Coastal Zone Management Act No -- NA 
FEMA Floodplain Compliance Yes In progress CLOMR/LOMR 
Essential Fisheries Habitat No -- NA 
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Appendix B 
Morphological Summary Data and Plots 

 
Tables 5A-5E.  Baseline Stream Data Summary 

Tables 6A-6L.  Monitoring Data-Dimensional Data Summary 
Substrate Plots 



Parameter

Dimension Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med
BF Width (ft) 3.8 9.6 6.7 8 12.1 8.1 3 6.1 4.6 7.2 8.3 7.8 6.4 9.6 8.0

Floodprone Width (ft) 8 73 30 15 25 18 150 150 150 20 70 50 90

BF Cross Sectional Area (ft2) 4.3 8 5.9 4.3 3 6.6 3.9

BF Mean Depth (ft) 0.8 1 0.8 0.8 1 0.8 0.7 1.5 1.1 0.5 0.7 0.6 0.4 0.7 0.5

BF Max Depth (ft) 1.1 1.4 1.4 1.1 1.4 1.4 1 2.3 1.7 0.7 0.9 0.8 0.6 1.1 0.7

Width/Depth Ratio 8 15.1 10.1 8 15.1 10.1 4 4.3 4.2 12 16 14 11 19 15

Entrenchment Ratio 1.9 2.2 2.1 1.9 2.2 2.1 24.6 50 37.3 2.6 9 6.4 9 14 11.3

Bank Height Ratio 1 1.8 1 1 1.8 1 1 1.5 1.3 1 1.2 1 1

Wetted Perimeter(ft) === === === === ===

Hydraulic radius (ft) === === === === ===

Pattern
Channel Beltwidth (ft) 20 38 22.8 15.1 29.2 24.3 23 47 31 23 47 31

Radius of Curvature (ft) 11 27 16.5 8.9 19.4 13.2 14 31 23 14 31 23

Meander Wavelength (ft) 44 116 68.4 31 74 47.8 47 94 66 47 94 66

Meander Width ratio 2.4 4.7 2.8 2.1 4 3.4 3 6 4 3 6 4

Profile
Riffle length (ft) === === === 9 70 16

Riffle slope (ft/ft) 1.00% 5.76% 3.16% 0.00% 1.54% 0.83% 2.77% 6.47% 4.16% 0.01% 4.33% 2.23%

Pool length (ft) === === === 4 23 9

Pool spacing (ft) 25 69 37.2 14 39.6 32.4 23 62 31 23 62 31

Substrate
d50 (mm) === === === === ===

d84 (mm) === === === === ===

Additional Reach Parameters
Valley Length (ft) === === === === ===

Channel Length (ft) === === === === ===

Sinuosity 1.02 1.2 1.22 1.1 1.1

Water Surface Slope (ft/ft) 1.37% -
3.61%

2.58% 0.50% 1.27% -
3.35%

1.89%

BF slope (ft/ft) === === === === ===

Rosgen Classification Cg E E E/C E/C

USGS gage data is 
unavailable for this 

project

No pattern of riffles 
and pools due to 

straightening activties

No pattern of riffles 
and pools due to 

straightening activties

Table 5A.  Baseline Morphology and Hydraulic Summary

USGS Gage Data
Pre-Existing 

Condition
Project Reference 

Cedarock Park
Design As-built

Project Reference 
Cripple Creek

Aycock Springs UT 1



Parameter

Dimension Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med
BF Width (ft) 3.8 9.6 6.7 8 12.1 8.1 3 6.1 4.6 7.2 8.3 7.8 4.8 8.6 7.2

Floodprone Width (ft) 8 73 30 15 25 18 150 150 150 20 70 50 90

BF Cross Sectional Area (ft2) 4.3 8 5.9 4.3 1 4.2 2.3

BF Mean Depth (ft) 0.8 1 0.8 0.8 1 0.8 0.7 1.5 1.1 0.5 0.7 0.6 0.2 0.6 0.3

BF Max Depth (ft) 1.1 1.4 1.4 1.1 1.4 1.4 1 2.3 1.7 0.7 0.9 0.8 0.3 0.8 0.6

Width/Depth Ratio 8 15.1 10.1 8 15.1 10.1 4 4.3 4.2 12 16 14 12 32 22

Entrenchment Ratio 1.9 2.2 2.1 1.9 2.2 2.1 24.6 50 37.3 2.6 9 6.4 11 19 13

Bank Height Ratio 1 1.8 1 1 1.8 1 1 1.5 1.3 1 1.2 1 1

Wetted Perimeter(ft) === === === === ===

Hydraulic radius (ft) === === === === ===

Pattern
Channel Beltwidth (ft) 20 38 22.8 15.1 29.2 24.3 23 47 31 23 47 31

Radius of Curvature (ft) 11 27 16.5 8.9 19.4 13.2 14 31 23 14 31 23

Meander Wavelength (ft) 44 116 68.4 31 74 47.8 47 94 66 47 94 66

Meander Width ratio 2.4 4.7 2.8 2.1 4 3.4 3 6 4 3 6 4

Profile
Riffle length (ft) === === === 9 23 14

Riffle slope (ft/ft) 1.00% 5.76% 3.16% 0.00% 1.54% 0.83% 2.77% 6.47% 4.16% 0.00% 5.24% 2.88%

Pool length (ft) === === === 5 17 10

Pool spacing (ft) 25 69 37.2 14 39.6 32.4 23 62 31 23 62 31

Substrate
d50 (mm) === === === === ===

d84 (mm) === === === === ===

Additional Reach Parameters
Valley Length (ft) === === === === ===

Channel Length (ft) === === === === ===

Sinuosity 1.02 1.2 1.22 1.1 1.1

Water Surface Slope (ft/ft) 1.37% -
3.61%

2.58% 0.50% 1.27% -
3.35%

3.01%

BF slope (ft/ft) === === === === ===

Rosgen Classification Cg E E E/C E/C
Note:  UT 2 is characterized by a spring/seep, with a very small watershed.  The channel was constructed with a smaller Bankfull Cross Sectional area to account for the 
smaller stormwater pulses and controlled discharge.  In addition, the lower reaches of the channel are low slope wetlands that elevate the width-to-depth ratio in post 
construction measurements.

Table 5B.  Baseline Morphology and Hydraulic Summary
Aycock Springs UT 2

USGS Gage Data
Pre-Existing 

Condition
Project Reference 

Cedarock Park
Project Reference 

Cripple Creek
Design As-built

USGS gage data is 
unavailable for this 

project

No pattern of riffles 
and pools due to 

straightening activties

No pattern of riffles 
and pools due to 

straightening activties



Parameter

Dimension Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med
BF Width (ft) 4.1 5 4.5 8 12.1 8.1 3 6.1 4.6 7.2 8.3 7.8 4.7 7 5.9

Floodprone Width (ft) 7 18 12 15 25 18 150 150 150 20 70 50 10 20 20

BF Cross Sectional Area (ft2) 2.2 8 5.9 4.3 1.2 2.7 2.1

BF Mean Depth (ft) 0.4 0.5 0.5 0.8 1 0.8 0.7 1.5 1.1 0.5 0.7 0.6 0.2 0.4 0.4

BF Max Depth (ft) 0.8 1.1 1 1.1 1.4 1.4 1 2.3 1.7 0.7 0.9 0.8 0.5 0.6 0.6

Width/Depth Ratio 8.2 12.5 9.9 8 15.1 10.1 4 4.3 4.2 12 16 14 12 26 20

Entrenchment Ratio 1.7 3.6 2.5 1.9 2.2 2.1 24.6 50 37.3 2.6 9 6.4 2 4 3.3

Bank Height Ratio 1 3 2 1 1.8 1 1 1.5 1.3 1 1.2 1 1

Wetted Perimeter(ft) === === === === ===

Hydraulic radius (ft) === === === === ===

Pattern
Channel Beltwidth (ft) 20 38 22.8 15.1 29.2 24.3 23 47 31 23 47 31

Radius of Curvature (ft) 11 27 16.5 8.9 19.4 13.2 14 31 23 14 31 23

Meander Wavelength (ft) 44 116 68.4 31 74 47.8 47 94 66 47 94 66

Meander Width ratio 2.4 4.7 2.8 2.1 4 3.4 3 6 4 3 6 4

Profile
Riffle length (ft) === === === 8 24 14

Riffle slope (ft/ft) 1.00% 5.76% 3.16% 0.00% 1.54% 0.83% 2.77% 6.47% 4.16% 0.52% 2.54% 1.71%

Pool length (ft) === === === 6 10 8

Pool spacing (ft) 25 69 37.2 14 39.6 32.4 23 62 31 23 62 31

Substrate
d50 (mm) === === === === ===

d84 (mm) === === === === ===

Additional Reach Parameters
Valley Length (ft) === === === === ===

Channel Length (ft) === === === === ===

Sinuosity 1.01 1.2 1.22 1.1 1.1

Water Surface Slope (ft/ft) 1.53% 2.58% 0.50% 1.27% -
3.35%

0.92%

BF slope (ft/ft) === === === === ===

Rosgen Classification Eg E E E/C E/C
Note:  UT 3 is characterized by a pond in the headwaters; therefore, the channel was constructed with a smaller Bankfull Cross Sectional area than other tributarie
associated with the project.

Table 5C.  Baseline Morphology and Hydraulic Summary
Aycock Springs UT 3

USGS Gage Data
Pre-Existing 

Condition
Project Reference 

Cedarock Park
Project Reference 

Cripple Creek
Design As-built

USGS gage data is 
unavailable for this 

project

No pattern of riffles 
and pools due to 

straightening activties

No pattern of riffles 
and pools due to 

straightening activties



Parameter

Dimension Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med
BF Width (ft) 4.8 11.7 8.3 8 12.1 8.1 3 6.1 4.6 8.7 10 9.4 8 10.9 8.5

Floodprone Width (ft) 8 70 39 15 25 18 150 150 150 70 200 150 50

BF Cross Sectional Area (ft2) 6.3 8 5.9 6.3 3.5 5.6 4.3

BF Mean Depth (ft) 0.5 1.3 0.8 0.8 1 0.8 0.7 1.5 1.1 0.6 0.8 0.7 0.4 0.6 0.5

BF Max Depth (ft) 0.9 2 1.5 1.1 1.4 1.4 1 2.3 1.7 0.8 1.1 1 0.6 0.9 0.8

Width/Depth Ratio 3.7 23.4 12.4 8 15.1 10.1 4 4.3 4.2 12 16 14 16 22 19

Entrenchment Ratio 1.2 11.5 4.9 1.9 2.2 2.1 24.6 50 37.3 7.5 21.3 16 5 6 6

Bank Height Ratio 1.2 2.4 1.8 1 1.8 1 1 1.5 1.3 1 1.2 1 1

Wetted Perimeter(ft) === === === === ===

Hydraulic radius (ft) === === === === ===

Pattern
Channel Beltwidth (ft) 20 38 22.8 15.1 29.2 24.3 28 56 38 28 56 38

Radius of Curvature (ft) 11 27 16.5 8.9 19.4 13.2 17 38 28 17 38 28

Meander Wavelength (ft) 44 116 68.4 31 74 47.8 56 113 80 56 113 80

Meander Width ratio 2.4 4.7 2.8 2.1 4 3.4 3 6 4 3 6 4

Profile
Riffle length (ft) === === === 12 35 16

Riffle slope (ft/ft) 1.00% 5.76% 3.16% 0.00% 1.54% 0.83% 1.12% 2.60% 1.67% 0.61% 2.42% 1.28%

Pool length (ft) === === === 14 42 22

Pool spacing (ft) 25 69 37.2 14 39.6 32.4 28 75 38 28 75 38

Substrate
d50 (mm) === === === === ===

d84 (mm) === === === === ===

Additional Reach Parameters
Valley Length (ft) === === === === ===

Channel Length (ft) === === === === ===

Sinuosity 1.1 1.2 1.22 1.1 1.1

Water Surface Slope (ft/ft) 0.93% 2.58% 0.50% 0.93% 0.66%

BF slope (ft/ft) === === === === ===

Rosgen Classification Eg E E E/C E/C

Table 5D.  Baseline Morphology and Hydraulic Summary
Aycock Springs UT 4

USGS Gage Data
Pre-Existing 

Condition
Project Reference 

Cedarock Park
Project Reference 

Cripple Creek
Design As-built

USGS gage data is 
unavailable for this 

project

No pattern of riffles 
and pools due to 

straightening activties

No pattern of riffles 
and pools due to 

straightening activties



Parameter

Dimension Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med
BF Width (ft) 30 51.7 41.4 8 12.1 8.1 3 6.1 4.6 25.7 29.6 27.7 25.2 30.3 26.7

Floodprone Width (ft) 68 160 122 15 25 18 150 150 150 200 300 250 150

BF Cross Sectional Area (ft2) 54.9 8 5.9 54.9 41.3 73.9 51.2

BF Mean Depth (ft) 1.1 1.8 1.4 0.8 1 0.8 0.7 1.5 1.1 1.9 2.1 2 1.6 2.4 2

BF Max Depth (ft) 3.3 4.1 3.7 1.1 1.4 1.4 1 2.3 1.7 2.7 3 2.8 2.3 3.4 2.8

Width/Depth Ratio 16.7 47 32.1 8 15.1 10.1 4 4.3 4.2 12 16 14 12 16 13

Entrenchment Ratio 1.6 5.3 3.2 1.9 2.2 2.1 24.6 50 37.3 7.2 10.8 9 5 6 5.6

Bank Height Ratio 1 1.1 1 1 1.8 1 1 1.5 1.3 1 1.2 1 1

Wetted Perimeter(ft) === === === === ===

Hydraulic radius (ft) === === === === ===

Pattern
Channel Beltwidth (ft) 20 38 22.8 15.1 29.2 24.3 83 166 111 83 166 111

Radius of Curvature (ft) 11 27 16.5 8.9 19.4 13.2 55 111 83 55 111 83

Meander Wavelength (ft) 44 116 68.4 31 74 47.8 166 332 236 166 332 236

Meander Width ratio 2.4 4.7 2.8 2.1 4 3.4 3 6 4 3 6 4

Profile
Riffle length (ft) === === === 16 87 54

Riffle slope (ft/ft) 1.00% 5.76% 3.16% 0.00% 1.54% 0.83% 0.28% 0.64% 0.41% 0.00% 0.70% 0.19%

Pool length (ft) === === === 27 70 43

Pool spacing (ft) 25 69 37.2 14 39.6 32.4 83 222 111 83 222 111

Substrate
d50 (mm) === === === === ===

d84 (mm) === === === === ===

Additional Reach Parameters
Valley Length (ft) === === === === ===

Channel Length (ft) === === === === ===

Sinuosity 1.05 1.2 1.22 1.05 1.05

Water Surface Slope (ft/ft) NA 2.58% 0.50% 0.23% 0.10%

BF slope (ft/ft) === === === === ===

Rosgen Classification Fc E E E/C E/C

USGS gage data is 
unavailable for this 

project

No pattern of riffles 
and pools due to 

straightening activties

No pattern of riffles 
and pools due to 

straightening activties

Table 5E.  Baseline Morphology and Hydraulic Summary
Aycock Springs Travis Creek

USGS Gage Data
Pre-Existing 

Condition
Project Reference 

Cedarock Park
Project Reference 

Cripple Creek
Design As-built



Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 26 25.2 33.7 25.5 26 27.3

Floodprone Width (ft) 150 150 ---- 150 ---- 150

BF Cross Sectional Area (ft2) 41.3 47.5 58.7 47.2 61.4 54.9

BF Mean Depth (ft) 1.6 1.9 1.7 1.9 2.4 2.0

BF Max Depth (ft) 2.3 2.5 3.7 2.5 4 3

Width/Depth Ratio 16.368 13.4 ---- 13.8 ---- 13.6

Entrenchment Ratio 5.76923 5.95 ---- 5.88 ---- 5.5

Bank Height Ratio 1 1 ---- 1 ---- 1

Wetted Perimeter (ft) 27.1 26.4 34.8 26.6 27.6 28.7

Hydraulic Radius (ft) 1.5 1.8 1.7 1.8 2.2 1.9

Substrate

d50 (mm) ---- ---- ---- ---- ---- ----

d84 (mm) ---- ---- ---- ---- ---- ----

Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 25.9 28.1 29.3 38.6 30.3

Floodprone Width (ft) ---- 150 ---- ---- 150

BF Cross Sectional Area (ft2) 60 64.6 65.9 100 73.9

BF Mean Depth (ft) 2.3 2.3 2.2 2.6 2.4

BF Max Depth (ft) 3.9 3.3 3.7 4.3 3.4

Width/Depth Ratio ---- 12.2 ---- ---- 12.4

Entrenchment Ratio ---- 5.3 ---- ---- 5.0

Bank Height Ratio ---- 1 ---- ---- 1

Wetted Perimeter (ft) 27.5 29.5 30.6 40.2 31.8

Hydraulic Radius (ft) 2.2 2.2 2.2 2.5 2.3

Substrate

d50 (mm) ---- ---- ---- ---- ----

d84 (mm) ---- ---- ---- ---- ----

Parameter
Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med

Pattern

Channel Beltwidth (ft) 83 166 111

Radius of Curvature (ft) 55 111 83

Meander Wavelength (ft) 166 332 236

Meander Width Ratio 3 6 4

Profile

Riffle Length (ft) 16 87 54

Riffle Slope (ft/ft) 0.00% 0.70% 0.19%

Pool Length (ft) 27 70 43

Pool Spacing (ft) 83 222 111

Additonal Reach Parameters

Valley Length (ft)

Channel Length (ft)

Sinuosity

Water Surface Slope (ft/ft)

BF Slope (ft/ft)

Rosgen Classification

664

C/E

0.001

------

1.05

632

MY-00 (2016)
Aycock Travis Creek (Downstream) -  Stream and Wetland Restoration Site

XS 5 Pool (Travis Down)

XS 7 Pool (Travis Down) XS 8 Riffle (Travis Down) XS 9 Pool (Travis Down) XS 10 Pool (Travis Down) XS 11 Riffle (Travis Down)

Table 6B.  Morphology and Hydraulic Monitoring Summary

XS 6 Riffle (Travis Down)

Table 6A.  Morphology and Hydraulic Monitoring Summary
Aycock Travis Creek (Downstream) -  Stream and Wetland Restoration Site

XS 1 Riffle (Travis Down) XS 2 Riffle (Travis Down) XS 3 Pool (Travis Down) XS 4 Riffle (Travis Down)



Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 29 26.9 32.8

Floodprone Width (ft) ---- ---- 150

BF Cross Sectional Area (ft2) 68.7 64.0 104.5

BF Mean Depth (ft) 2.4 2.4 3.2

BF Max Depth (ft) 3.4 3.9 4.8

Width/Depth Ratio ---- ---- 10.3

Entrenchment Ratio ---- ---- 4.6

Bank Height Ratio ---- ---- 1.0

Wetted Perimeter (ft) 30.4 28.8 35.0

Hydraulic Radius (ft) 2.3 2.2 3.0

Substrate

d50 (mm) ---- ---- ----

d84 (mm) ---- ---- ----

Parameter
Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med

Pattern

Channel Beltwidth (ft) 83 166 111

Radius of Curvature (ft) 55 111 83

Meander Wavelength (ft) 166 332 236

Meander Width Ratio 3 6 4

Profile

Riffle Length (ft) 16 87 54

Riffle Slope (ft/ft) 0.00% 0.70% 0.19%

Pool Length (ft) 27 70 43

Pool Spacing (ft) 83 222 111

Additonal Reach Parameters

Valley Length (ft)

Channel Length (ft)

Sinuosity

Water Surface Slope (ft/ft)

BF Slope (ft/ft)

Rosgen Classification

XS 12 Riffle  (Travis Up)

Table 6D.  Morphology and Hydraulic Monitoring Summary
Aycock Travis Creek (Upstream) -  Stream and Wetland Restoration Site

C/E

------

0.0009

1.05

209

199

Table 6C.  Morphology and Hydraulic Monitoring Summary
Aycock Travis Creek (Upstream) -  Stream and Wetland Restoration Site

XS 13 Pool (Travis Up) XS 14 Riffle (Travis Up)

MY-00 (2016)



Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 9.3 8.8 8.4 9.3 9.6

Floodprone Width (ft) 90 90 ---- 90 90

BF Cross Sectional Area (ft2) 5.6 4.6 6.7 6.2 6.6

BF Mean Depth (ft) 0.6 0.5 0.8 0.7 0.7

BF Max Depth (ft) 1.1 0.7 1.3 1 1.1

Width/Depth Ratio 15.4 16.8 ---- 14.0 14.0

Entrenchment Ratio 9.7 10.2 ---- 9.7 9.4

Bank Height Ratio 1.0 1.0 ---- 1.0 1.0

Wetted Perimeter (ft) 9.7 9 8.9 9.7 10

Hydraulic Radius (ft) 0.6 0.5 0.7 0.6 0.7

Substrate

d50 (mm) ---- ---- ---- ---- ----

d84 (mm) ---- ---- ---- ---- ----

Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 6.9 7.5 7.8 7.9 7.6

Floodprone Width (ft) 90 90 ---- 90 ----

BF Cross Sectional Area (ft2) 3.6 3.9 5.7 3 4.7

BF Mean Depth (ft) 0.5 0.5 0.7 0.4 0.6

BF Max Depth (ft) 0.7 0.7 1.2 0.7 1.1

Width/Depth Ratio 13.2 14.4 ---- 20.8 ----

Entrenchment Ratio 13.0 12.0 ---- 11.4 ----

Bank Height Ratio 1.0 1.0 ---- 1.0 ----

Wetted Perimeter (ft) 7.2 7.8 8.3 8 8

Hydraulic Radius (ft) 0.5 0.5 0.7 0.4 0.6

Substrate

d50 (mm) ---- ---- ---- ---- ----

d84 (mm) ---- ---- ---- ---- ----

Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 7.4 8 8.6 6.4 7.1

Floodprone Width (ft) 90 90 ---- 90 90

BF Cross Sectional Area (ft2) 3.5 3.7 6.5 3.1 4

BF Mean Depth (ft) 0.5 0.5 0.8 0.5 0.6

BF Max Depth (ft) 0.8 0.7 1.2 0.7 0.9

Width/Depth Ratio 15.6 17.3 ---- 13.2 12.6

Entrenchment Ratio 12.2 11.3 ---- 14.1 12.7

Bank Height Ratio 1.0 1.0 ---- 1.0 1.0

Wetted Perimeter (ft) 7.8 8.5 9.2 6.8 7.4

Hydraulic Radius (ft) 0.4 0.4 0.7 0.5 0.5

Substrate

d50 (mm) ---- ---- ---- ---- ----

d84 (mm) ---- ---- ---- ---- ----

XS 14 Riffle (UT 1) XS 15 Riffle (UT 1)XS 11 Riffle (UT 1) XS 12 Riffle (UT 1) XS 13 Pool (UT 1)

XS 5 Riffle (UT 1)

XS 6 Riffle (UT 1) XS 7 Riffle (UT 1) XS 8 Pool (UT 1) XS 9 Riffle (UT 1) XS 10 Pool (UT 1)

Table 6E.  Morphology and Hydraulic Monitoring Summary
Aycock UT-1 -  Stream and Wetland Restoration Site

XS 1 Riffle (UT 1) XS 2 Riffle (UT 1) XS 3 Pool (UT 1) XS 4 Riffle (UT 1)



Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 9 8.5 7.1 7.6 9.1

Floodprone Width (ft) 90 90 90 ---- 90

BF Cross Sectional Area (ft2) 4.6 3.9 3.5 6.5 5.3

BF Mean Depth (ft) 0.5 0.5 0.5 0.9 0.6

BF Max Depth (ft) 0.8 0.7 0.6 1.3 0.9

Width/Depth Ratio 17.6 18.5 14.4 ---- 15.6

Entrenchment Ratio 10.0 10.6 12.7 ---- 9.9

Bank Height Ratio 1.0 1.0 1.0 ---- 1.0

Wetted Perimeter (ft) 9.3 8.7 7.4 8.2 9.4

Hydraulic Radius (ft) 0.5 0.5 0.5 0.8 0.6

Substrate

d50 (mm) ---- ---- ---- ---- ----

d84 (mm) ---- ---- ---- ---- ----

Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 8.3 7.2 7.6 8

Floodprone Width (ft) ---- 90 90 90

BF Cross Sectional Area (ft2) 9.3 3.6 3.2 4

BF Mean Depth (ft) 1.1 0.5 0.4 0.5

BF Max Depth (ft) 2.1 0.7 0.6 0.7

Width/Depth Ratio ---- 14.4 18.1 16.0

Entrenchment Ratio ---- 12.5 11.8 11.3

Bank Height Ratio ---- 1.0 1.0 1.0
Wetted Perimeter (ft) 9.5 7.5 9.3 9.3

Hydraulic Radius (ft) 1 0.5 0.5 0.5

Substrate

d50 (mm) ---- ---- ---- ----

d84 (mm) ---- ---- ---- ----

Parameter
Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med

Pattern

Channel Beltwidth (ft) 23 47 31

Radius of Curvature (ft) 14 31 23

Meander Wavelength (ft) 47 94 66

Meander Width Ratio 3 6 4

Profile

Riffle Length (ft) 9 70 16

Riffle Slope (ft/ft) 0.01% 4.33% 2.23%

Pool Length (ft) 4 23 9

Pool Spacing (ft) 23 62 31

Additonal Reach Parameters

Valley Length (ft)

Channel Length (ft)

Sinuosity

Water Surface Slope (ft/ft)

BF Slope (ft/ft)

Rosgen Classification

Table 6F.  Morphology and Hydraulic Monitoring Summary
Aycock UT-1 -  Stream and Wetland Restoration Site

XS 22 Riffle (UT 1) XS 23 Riffle (UT 1)XS 21 Pool (UT 1)

XS 20 Riffle  (UT 1)

Table 6E continued.  Morphology and Hydraulic Monitoring Summary
Aycock UT-1 -  Stream and Wetland Restoration Site

XS 19 Pool (UT 1)XS 16 Riffle (UT 1) XS 17 Riffle (UT 1) XS 18 Riffle (UT 1)

XS 24 Riffle (UT 1)

MY-00 (2016)

1174

0.0189

1,291

------

C/E

1.1



Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 6.5 4.8 5.7 6.4 8.4 6.9 8.3

Floodprone Width (ft) ---- 90 90 90 90 90 ----

BF Cross Sectional Area (ft2) 3.8 1 1.7 1 3.1 2.3 5.1

BF Mean Depth (ft) 0.6 0.2 0.3 0.2 0.4 0.3 0.6

BF Max Depth (ft) 1 0.3 0.5 0.4 0.7 0.6 1.1

Width/Depth Ratio ---- 23.0 19.1 41.0 22.8 20.7 ----

Entrenchment Ratio ---- 18.8 15.8 14.1 10.7 13.0 ----

Bank Height Ratio ---- 1.0 1.0 1.0 1.0 1.0 ----

Wetted Perimeter (ft) 6.9 4.9 5.8 6.5 8.6 7.0 8.8

Hydraulic Radius (ft) 0.6 0.2 0.3 0.2 0.4 0.3 0.6

Substrate

d50 (mm) ---- ---- ---- ---- ---- ---- ----

d84 (mm) ---- ---- ---- ---- ---- ---- ----

Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 8.6 7.4 7.5 6.2 8.3 7.2

Floodprone Width (ft) 90 90 ---- ---- 90 90

BF Cross Sectional Area (ft2) 3.6 4.2 5.2 3.5 3.2 2.1

BF Mean Depth (ft) 0.4 0.6 0.7 0.6 0.4 0.3

BF Max Depth (ft) 0.6 0.8 1.3 0.8 0.7 0.4

Width/Depth Ratio 20.5 13.0 ---- ---- 21.5 24.7

Entrenchment Ratio 10.5 12.2 ---- ---- 10.8 12.5

Bank Height Ratio 1.0 1.0 ---- ---- 1.0 1.0

Wetted Perimeter (ft) 8.8 7.7 8.1 6.6 8.6 7.3

Hydraulic Radius (ft) 0.4 0.5 0.7 0.5 0.4 0.3

Substrate

d50 (mm) ---- ---- ---- ---- ---- ----

d84 (mm) ---- ---- ---- ---- ---- ----

Parameter
Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med

Pattern

Channel Beltwidth (ft) 23 47 31

Radius of Curvature (ft) 14 31 23

Meander Wavelength (ft) 47 94 66

Meander Width Ratio 3 6 4

Profile

Riffle Length (ft) 9 23 14

Riffle Slope (ft/ft) 0.00% 5.24% 2.88%

Pool Length (ft) 5 17 10

Pool Spacing (ft) 23 62 31

Additonal Reach Parameters

Valley Length (ft)

Channel Length (ft)

Sinuosity

Water Surface Slope (ft/ft)

BF Slope (ft/ft)

Rosgen Classification C/E

1.1

0.0301

------

675

614

Table 6H.  Morphology and Hydraulic Monitoring Summary

XS 8 Riffle (UT 2)

MY-00 (2016)

XS 9 Riffle (UT 2) XS 10 Pool (UT 2)

Aycock UT-2 -  Stream and Wetland Restoration Site

XS 6 Riffle (UT 2) XS 7 Pool (UT 2)

XS 13 Riffle (UT 2)

XS 5 Riffle (UT 2)

XS 11 Pool (UT 2) XS 12 Riffle (UT 2)

Table 6G.  Morphology and Hydraulic Monitoring Summary
Aycock UT-2 -  Stream and Wetland Restoration Site

XS 1 Pool (UT 2) XS 2 Riffle (UT 2) XS 3 Riffle  (UT 2) XS 4 Riffle (UT 2)



Parameter
.

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 6.5 4.7 5 7 5.3

Floodprone Width (ft) 10 20 ---- 20 20

BF Cross Sectional Area (ft2) 2.7 1.9 3.6 2.2 1.2

BF Mean Depth (ft) 0.4 0.4 0.7 0.3 0.2

BF Max Depth (ft) 0.6 0.6 1 0.5 0.5

Width/Depth Ratio 15.6 11.6 ---- 22.3 23.4

Entrenchment Ratio 1.5 4.3 ---- 2.9 3.8

Bank Height Ratio 1.0 1.0 ---- 1.0 1.0

Wetted Perimeter (ft) 6.8 5.0 5.7 7.1 5.7

Hydraulic Radius (ft) 0.4 0.4 0.6 0.3 0.2

Substrate . .

d50 (mm) ---- ---- ---- ---- ----

d84 (mm) ---- ---- ---- ---- ----

Parameter
Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med

Pattern

Channel Beltwidth (ft) 23 47 31

Radius of Curvature (ft) 14 31 23

Meander Wavelength (ft) 47 94 66

Meander Width Ratio 3 6 4

Profile

Riffle Length (ft) 8 24 14

Riffle Slope (ft/ft) 0.52% 2.54% 1.71%

Pool Length (ft) 6 10 8

Pool Spacing (ft) 23 62 31

Additonal Reach Parameters

Valley Length (ft)

Channel Length (ft)

Sinuosity

Water Surface Slope (ft/ft)

BF Slope (ft/ft)

Rosgen Classification

MY-00 (2016)

Table 6J.  Morphology and Hydraulic Monitoring Summary
Aycock UT-3 -  Stream and Wetland Restoration Site

C/E

------

0.0092

1.1

212

193

XS 5 Riffle  (UT 3)

Table 6I.  Morphology and Hydraulic Monitoring Summary
Aycock UT-3 -  Stream and Wetland Restoration Site

XS 1 Riffle  (UT 3) XS 2 Riffle  (UT 3) XS 3 Pool  (UT 3) XS 4 Riffle  (UT 3)



Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 8.3 8.5 8.6 8.5 8

Floodprone Width (ft) 50 ---- 50 ---- 50

BF Cross Sectional Area (ft2) 3.7 6.4 4.3 6.2 4.3

BF Mean Depth (ft) 0.4 0.8 0.5 0.7 0.5

BF Max Depth (ft) 0.6 1.5 0.8 1.2 0.7

Width/Depth Ratio 18.6 ---- 17.2 ---- 14.9

Entrenchment Ratio 6.0 ---- 5.8 ---- 6.3

Bank Height Ratio 1.0 ---- 1.0 ---- 1.0

Wetted Perimeter (ft) 8.6 9.2 9.0 9.1 8.3

Hydraulic Radius (ft) 0.4 0.7 0.5 0.7 0.5

Substrate

d50 (mm) ---- ---- ---- ---- ----

d84 (mm) ---- ---- ---- ---- ----

Parameter

Dimension MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5 MY 0 MY1 MY2 MY3 MY4 MY5

BF Width (ft) 8.1 9.9 10.9

Floodprone Width (ft) 50 50 50

BF Cross Sectional Area (ft2) 3.5 5.6 5.6

BF Mean Depth (ft) 0.4 0.6 0.5

BF Max Depth (ft) 0.6 0.9 0.8

Width/Depth Ratio 18.7 17.5 21.2

Entrenchment Ratio 6.2 5.1 4.6

Bank Height Ratio 1.0 1.0 1.0
Wetted Perimeter (ft) 8.4 10.2 11.1

Hydraulic Radius (ft) 0.4 0.6 0.5

Substrate

d50 (mm) ---- ---- ----

d84 (mm) ---- ---- ----

Parameter
Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med Min Max Med

Pattern

Channel Beltwidth (ft) 28 56 38

Radius of Curvature (ft) 17 38 28

Meander Wavelength (ft) 56 113 80

Meander Width Ratio 3 6 4

Profile

Riffle Length (ft) 12 35 16

Riffle Slope (ft/ft) 0.61% 2.42% 1.28%

Pool Length (ft) 14 42 22

Pool Spacing (ft) 28 75 38

Additonal Reach Parameters

Valley Length (ft)

Channel Length (ft)

Sinuosity

Water Surface Slope (ft/ft)

BF Slope (ft/ft)

Rosgen Classification C/E

------

0.0066

1.1

306

278

Aycock UT-4 -  Stream and Wetland Restoration Site
MY-00 (2016)

XS 5 Riffle (UT 4)

XS 6 Riffle (UT 4) XS 7 Riffle (UT 4) XS 8 Riffle (UT 4)

Table 6L.  Morphology and Hydraulic Monitoring Summary

Table 6K.  Morphology and Hydraulic Monitoring Summary
Aycock UT-4 -  Stream and Wetland Restoration Site

XS 1 Riffle (UT 4) XS 2 Pool (UT 4) XS 3 Riffle (UT 4) XS 4 Pool (UT 4)



10
10 Pebble Count, 

Aycock Springs
Cape Fear

---
Note: UT-1 - Reach-wide

Size percent less than (mm) Percent by substrate type

D16 D35 D50 D84 D95 silt/clay sand gravel cobble boulder bedrock
0.204 0.90 2.6 21 39 3% 46% 49% 2% 0% 0%
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10
10 Pebble Count, 

Aycock Springs
Cape Fear

---
Note: UT-2 - Reach-wide

Size percent less than (mm) Percent by substrate type

D16 D35 D50 D84 D95 silt/clay sand gravel cobble boulder bedrock
#N/A 0.08 0.2 22 39 32% 40% 29% 0% 0% 0%
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10
10 Pebble Count, 

Aycock Springs
Cape Fear

---
Note: UT-3 - Reach-wide

Size percent less than (mm) Percent by substrate type

D16 D35 D50 D84 D95 silt/clay sand gravel cobble boulder bedrock
#N/A 0.09 0.3 28 174 31% 42% 16% 9% 2% 0%
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10
10 Pebble Count, 

Aycock Springs
Cape Fear

---
Note: UT-4 - Reach-wide

Size percent less than (mm) Percent by substrate type

D16 D35 D50 D84 D95 silt/clay sand gravel cobble boulder bedrock
#N/A 0.09 0.2 33 53 29% 41% 28% 2% 0% 0%
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10
10 Pebble Count, 

Aycock Springs
Cape Fear

---
Note: Travis Cr - Reach-wide

Size percent less than (mm) Percent by substrate type

D16 D35 D50 D84 D95 silt/clay sand gravel cobble boulder bedrock
#N/A #N/A 0.2 9 67 37% 39% 18% 5% 0% 0%
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Appendix C.   
Vegetation Data 

 
Table 7.  Planted Woody Vegetation 

Table 8.  Total Planted Stems by Plot and Species 
Vegetation Plot Photographs 
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Table 7.  Planted Bare Root Woody Vegetation   
Species Quantity 
River birch (Betula nigra) 400 
Ironwood (Carpinus caroliniana) 1000 
Beautyberry (Callicarpa americana) 600 
Flowering dogwood (Cornus florida) 200 
Silky dogwood (Cornus amomum) 2000 
Persimmon (Diospyros virginiana) 200 
Black gum (Nyssa sylvatica var. biflora) 400 
Sycamore (Platanus occidentalis) 400 
White oak (Quercus alba) 400 
Cherrybark oak (Quercus falcata var. pagodifolia) 600 
Swamp chestnut oak (Quercus michauxii) 500 
Water oak (Quercus nigra) 300 
Willow oak (Quercus phellos) 700 
Northern red oak (Quercus rubra) 400 
Elderberry (Sambucus canadensis) 2500 
TOTAL 10,600 

 
 
Table 8.  Planted Stems by Plot and Species 

Species CommonName 
Total 

Planted 
Stems* 

# 
plots 

avg# 
stems 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Betula nigra river birch 9 4 2.25     1 5  1      2 

Carpinus caroliniana American hornbeam 7 3 2.33        2   1 4   

Cornus amomum silky dogwood 57 12 4.75 9 3 3 3 4 10 10 4 4 4 2  1  

Cornus florida flowering dogwood 4 1 4           4    

Diospyros virginiana common persimmon 2 2 1        1  1     

Fraxinus pennsylvanica green ash 3 2 1.5            2  1 

Nyssa sylvatica blackgum 6 3 2       1 1    4   

Platanus occidentalis American sycamore 5 3 1.67  1  3    1       

Quercus oak 11 6 1.83   1     1 1 2   4 2 

Quercus alba white oak 2 1 2 2              

Quercus pagoda cherrybark oak 6 5 1.2     2      1 1 1 1 

Quercus phellos willow oak 18 8 2.25 3 2 2 1 1     3 2  4  

Quercus rubra northern red oak 13 6 2.17 2 1 4 3  2        1 

Sambucus canadensis Common Elderberry 62 13 4.77  11 3 2 3 3 1 4 7 4 5 13 2 4 

14 14 205 14  16 18 13 12 11 20 12 15 12 14 15 24 12 11 

Stems per Acre 648 729 526 486 445 810 486 607 486 567 607 972 486 445 

Total Stems per Acre 593 
* All stems reported are planted bare root stems, no livestakes occur within the plots. 
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Aycock Springs 
Baseline Vegetation Monitoring Photographs  

Taken April 2016 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Plot 1 
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Plot 5 Plot 6

Plot 7
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Aycock Springs 
Baseline Vegetation Monitoring Photographs  

Taken April 2016 
 (continued) 
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Appendix D. 
As-built Plan Sheets 

 
Sheet Number Sheet Name 
01 Title Sheet 
02  Legend 
03 Key Sheet – Blank 
04 Thru 4H Plan Construction 
5A (1 Thru 78) As-Built Plan Survey 
6 Thru 6H As-Built Plan Overlay 
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FEMA Coordination – LOMR 
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Travis Creek – Stream Restoration 
Alamance County, North Carolina 
 
Prepared by:  Sungate Design Group, PA 
  915 Jones Franklin Road 
  Raleigh, N. C.   27606 
 
For:  Restoration Systems, LLC 
 
Date:  July 1, 2016 
 

LOMR FOR TRAVIS CREEK – STREAM RESTORATION 
 
 

INTRODUCTION 
 
Restoration Systems, LLC has completed construction of a stream restoration, consisting 
of a 134 linear foot section and a 758 linear foot using channel geometry that has been 
derived from studying a healthy local reference reach and applying it to site conditions on 
Travis Creek. The restoration was proposed to stabilize bends and control velocity.  The 
channel geometry and stream alignment have been optimized to promote healthy and 
sustainable geomorphology.  In areas where channel realignment was required, the 
existing channel has been backfilled to the elevation of the floodplain. The abandoned 
road bed that crossed the floodplain has been removed to eliminate the obstruction it 
created in high flow events. The stream design was prepared by Axiom Environmental, 
Inc., Raleigh, North Carolina, and the plans were prepared by Sungate Design Group, 
PA, Raleigh, North Carolina. 
 
The two sections of stream restoration extend from station 22378 to station 22709 and 
from station 21828 to station 20767. The project area is bounded by RS 23245 upstream 
and RS 19430 downstream. All surveys were performed in NAVD 88, and the vertical 
datum for the model is NGVD 29. All survey data was converted to the NGVD 29 datum 
before being input into the model. The datum correction for Alamance County is -0.80’. 
 
On 10/30/14, Sungate Design Group (SDG) sent an e-mail to NC Floodplain Mapping 
(NCFMP) requesting the Effective model for Travis Creek in Alamance County. NCFMP 
responded by e-mail with the HEC 2 files attached. Sungate saved the attached HEC 2 
files onto the SDG Server and used the files to create the model used for the Travis Creek 
No Rise Certification.  
 
On 6/15/15 A No-Rise Certification study for the project was prepared and submitted to 
Alamance County that assessed the impacts to the 100-year flood elevation caused by the 
proposed restoration on Travis Creek. The No-Rise Certification was approved by 
Alamance County on 9/4/15.   
 
 



DUPLICATE EFFECTIVE MODEL  
 
The model received from NCFMP was used to create the Duplicate Effective model. 
HEC-2 Version 4.6.2 May 1991 was used to create the model. The 100-year water 
surface elevations in the Duplicate Effective model match the Effective model within a 
reasonable tolerance (+/- 0.1 ft). Floodway widths match exactly.  
 
It was decided to import the HEC-2 model into HEC-RAS Version 4.1.0. After revising 
the distance from the upstream cross section to the bridge face from 0.0’ to 0.5’ on the 
one bridge in the model located at RS 23180.5, the model ran successfully. The 100-year 
elevations matched within a reasonable tolerance (+/- 0.5’) at all sections except for RS 
5867, RS 5930, RS 23160, and RS 23201, where variations as much as 1.6’ were 
observed. Additionally, negative surcharges and surcharges greater than 1.0 were 
observed in these areas. The discrepancies in water surface elevation and the associated 
surcharges are likely the result of different computational methodologies used by the 
different models. The model was run in HEC-RAS Version 3.1.3, but very similar water 
surface elevations and surcharges were observed as in Version 4.1.0. Based on this 
information, the Duplicate Effective model Version 4.1.0 will be used and adjustments 
will be made in the Corrected Effective model. It was decided to truncate the model 
below RS 16030. 
 
 
CORRECTED EFFECTIVE MODEL  
 
The imported and truncated Duplicate Effective model was used to create the Corrected 
Effective model. Contraction and expansion coefficients were revised from 0.2 and 0.4, 
respectively, to 0.1 and 0.3, respectively, at all cross sections except for Sections 2,3, and 
4 of the bridge routine, which were revised to 0.3 and 0.5, respectively. The elevations of 
the ineffective flow limits at RS 23160 were reduced because the structure just upstream 
at RS 23180.5 overtops in the 100-year event. This eliminated the surcharge greater than 
1.0 at RS 23160 and the negative surcharge above the structure at RS 23201. This change 
resulted in surcharges greater than 1.0 at three sections above the structure. Method 4 was 
used to set the encroachment stations from RS 23245 to RS 23110, and Method 1 was 
used to finalize the encroachment station. After minor adjustments to the floodway in this 
area, no negative surcharges or surcharges greater than 1.0 were present. 
 
 
EXISTING CONDITIONS MODEL 
 
The Corrected Effective model was used to create the Existing Conditions model. A 
section was added at RS 22110 to better reflect the hydraulic transition between the two 
proposed sections of stream restoration. Floodway stations were estimated using method 
4 and finalized using method 1. Sections located in the project area (RS 23110 to RS 
20970) were revised based on a field survey conducted by K2 Design Group, PA and 
supplemented by NCFMP bare earth topographic data. Downstream reach lengths were 
adjusted to represent the existing conditions. It was decided to measure the downstream 



reach length of RS 20970 along the general path of the floodplain instead of the existing 
channel alignment to reflect the condition that the vast majority of flow in the 100-year 
event will short-circuit the sharp bend in the existing channel just downstream of RS 
20970. Since the Effective model was in HEC-2, no GIS cut lines were input. No changes 
to roughness coefficients or discharge were made. 
 
 
PROPOSED MODEL 
 
The Existing Conditions model was used to create the Proposed model. To reflect the 
upstream section of stream restoration, the channel geometry of RS 22440 was revised. 
The channel geometry of RS 21750, 21270, 021250, 21085, 21075, and 21030 was 
revised to reflect the downstream section of stream restoration. Reach lengths were 
adjusted to reflect the change in alignment of the new stream. It was decided that the vast 
majority of flow in the 100-year event would short-circuit the sharp bend in the proposed 
stream alignment downstream of RS 20970 due to the significant depth of flood waters of 
almost 12’ versus the relatively shallow channel of 2.7’ and the very wide proposed 
floodplain in this area. To reflect this condition, it was decided to measure the 
downstream reach length of RS 20970 along the general path of the floodplain instead of 
the proposed channel alignment. No changes to roughness coefficients or discharge were 
made. 
 
 
AS-BUILT 
 
The Proposed Truncated Models were saved as As-built Floodway and As-built Multiple.  
The as-built survey was compared to the information in the Proposed Model and it was 
found that the as-built stream cross sections were generally slightly wider and deeper 
than those shown on the approved CLOMR.  The new channel geometry was input into 
the Hec-Ras model v4.1.0 for the As-built analysis. 
 
 
RESULTS 
 
As a result of the constructed stream restoration on Travis Creek, there are decreases in 
the 1% annual chance water surface elevation with the maximum decrease of 0.07 foot 
occurring of at River Station 22970, when comparing the As-built with the Proposed.  
There are no increases in the 1% annual chance water surface elevation. When comparing 
the As-built with the Effective, there are decreases all along the reach with the maximum 
decrease being 5.68 feet at River Station 23110.  The apparent cause for this decrease is 
the 8.3 foot difference in the stream bed elevation between the effective model and the 
field survey elevations in this area of the stream.   Due to the realignment of the channel 
in some areas of the project, the floodway width on both sides of the channel in these 
areas has been adjusted slightly. However, the total floodway width did not change at any 
cross section between the Existing Conditions and As-built models, and the floodway 



stations remained the same throughout the project between the Existing Conditions and 
As-built models.  
 
The Hec-Ras models and the following Tables are in NGVD 29 and the Construction 
Plans included with the LOMR package are in NAVD 88. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Travis Branch Stream Restoration 7/15/2016

River Sta Plan W.S. Elev W.S. Elev Prof Top Encro. Encro. Project Impact

100 yr. 100 yr Delta WS Width Act Sta LT Sta RT 100‐yr Elevation

w/FW AsBuilt ‐ Revised

(ft) (ft) (ft) (ft) (ft) (ft) (ft)

27950 Prop FW Trunc 619.6 620.1 0.5 70 1330 1400 0

27950 Prop FW AS BUILT 619.6 620.1 0.5 70 1330 1400

27770 Prop FW Trunc 619.05 619.53 0.48 100 1327 1427 0

27770 Prop FW AS BUILT 619.05 619.53 0.48 100 1327 1427

26840 Prop FW Trunc 617.47 618.03 0.56 200 1530 1730 0

26840 Prop FW AS BUILT 617.47 618.03 0.56 200 1530 1730

26070 Prop FW Trunc 617.03 617.61 0.58 250 1600 1850 0

26070 Prop FW AS BUILT 617.03 617.61 0.58 250 1600 1850

25340 Prop FW Trunc 616.82 617.25 0.43 200 1745 1945 0

25340 Prop FW AS BUILT 616.82 617.25 0.43 200 1745 1945

23335 Prop FW Trunc 615.99 616.08 0.09 180 1610 1790 0

23335 Prop FW AS BUILT 615.99 616.08 0.09 180 1610 1790

23245 Prop FW Trunc 615.94 615.97 0.03 120 1635 1755 0

23245 Prop FW AS BUILT 615.94 615.97 0.03 120 1635 1755

23201 Prop FW Trunc 615.92 615.96 0.04 143 1617 1760 0

23201 Prop FW AS BUILT 615.92 615.96 0.04 143 1617 1760

23180.5 BR U Prop FW Trunc 615.92 615.96 0.04 128.17 1617 1760

23180.5 BR U Prop FW AS BUILT 615.92 615.96 0.04 128.17 1617 1760

23180.5 BR D Prop FW Trunc 615.79 615.8 0.01 115.41 1617 1760

23180.5 BR D Prop FW AS BUILT 615.79 615.8 0.01 115.41 1617 1760

23160 Prop FW Trunc 610.21 610.21 0 143 1617 1760 0

23160 Prop FW AS BUILT 610.21 610.21 0 143 1617 1760

23110 Prop FW Trunc 606.15 606.91 0.75 142 1618 1760 ‐0.06

23110 Prop FW AS BUILT 606.09 606.82 0.73 142 1618 1760

22970 Prop FW Trunc 605.84 606.47 0.63 160 1585 1745 ‐0.07

22970 Prop FW AS BUILT 605.77 606.37 0.6 160 1585 1745

22440 Prop FW Trunc 605.55 606.21 0.66 145 1573 1718 ‐0.06

22440 Prop FW AS BUILT 605.49 606.13 0.64 145 1573 1718

22110 Prop FW Trunc 605.26 605.9 0.64 160 1536 1696 ‐0.04

22110 Prop FW AS BUILT 605.22 605.84 0.62 160 1536 1696

21750 Prop FW Trunc 605.04 605.62 0.58 160 1629 1789 ‐0.02

21750 Prop FW AS BUILT 605.02 605.58 0.57 160 1629 1789

21270 Prop FW Trunc 604.94 605.45 0.52 150 1189 1339 ‐0.02

21270 Prop FW AS BUILT 604.92 605.43 0.51 150 1189 1339

HEC‐RAS     River:  First Broad River    Reach:  First Broad River   Profile:  100 Yr.



21250 Prop FW Trunc 604.93 605.45 0.51 160 1159 1319 ‐0.01

21250 Prop FW AS BUILT 604.92 605.43 0.51 160 1159 1319

21085 Prop FW Trunc 604.91 605.4 0.5 190 1290 1480 ‐0.02

21085 Prop FW AS BUILT 604.89 605.38 0.49 190 1290 1480

21075 Prop FW Trunc 604.9 605.41 0.5 225 1329 1554 ‐0.01

21075 Prop FW AS BUILT 604.89 605.39 0.5 225 1329 1554

21030 Prop FW Trunc 604.9 605.4 0.5 235 1352 1587 ‐0.02

21030 Prop FW AS BUILT 604.88 605.38 0.49 235 1352 1587

20970 Prop FW Trunc 604.88 605.37 0.49 260 2005 2265 ‐0.01

20970 Prop FW AS BUILT 604.87 605.36 0.49 260 2005 2265

20230 Prop FW Trunc 604.48 604.89 0.41 170 2050 2220 0

20230 Prop FW AS BUILT 604.48 604.89 0.41 170 2050 2220

19430 Prop FW Trunc 602.84 603.56 0.71 180 2030 2210 0

19430 Prop FW AS BUILT 602.84 603.56 0.71 180 2030 2210

17790 Prop FW Trunc 600.76 601.37 0.61 150 1265 1415 0

17790 Prop FW AS BUILT 600.76 601.37 0.61 150 1265 1415

16030 Prop FW Trunc 596.47 596.99 0.52 116 1379 1495 0

16030 Prop FW AS BUILT 596.47 596.99 0.52 116 1379 1495

15580 Prop FW Trunc 596.07 596.69 0.62 210 1345 1555 0

15580 Prop FW AS BUILT 596.07 596.69 0.62 210 1345 1555



Travis Branch Stream Restoration 7/15/2016

River Sta Plan W.S. Elev W.S. Elev Prof Top Encro. Encro. Project Impact

100 yr. 100 yr Delta WS Width Act Sta LT Sta RT 100‐yr Elevation

w/FW Revised‐Effective

(ft) (ft) (ft) (ft) (ft) (ft) (ft)

27950 Effective HEC2 619.57 620.12 0.55 70 1330 1400 0.03

27950 Prop FW AS BUILT 619.6 620.1 0.5 70 1330 1400

27770 Effective HEC2 618.95 619.52 0.57 100 1327 1427 0.1

27770 Prop FW AS BUILT 619.05 619.53 0.48 100 1327 1427

26840 Effective HEC2 617.27 617.99 0.72 200 1530 1730 0.2

26840 Prop FW AS BUILT 617.47 618.03 0.56 200 1530 1730

26070 Effective HEC2 616.8 617.57 0.77 250 1600 1850 0.23

26070 Prop FW AS BUILT 617.03 617.61 0.58 250 1600 1850

25340 Effective HEC2 616.58 617.21 0.63 200 1745 1945 0.24

25340 Prop FW AS BUILT 616.82 617.25 0.43 200 1745 1945

23335 Effective HEC2 615.77 616.05 0.28 180 1610 1790 0.22

23335 Prop FW AS BUILT 615.99 616.08 0.09 180 1610 1790

23245 Effective HEC2 615.65 615.94 0.29 120 1635 1755 0.29

23245 Prop FW AS BUILT 615.94 615.97 0.03 120 1635 1755

23201 Effective HEC2 614.44 614.82 0.48 28 1679 1707 1.48

23201 Prop FW AS BUILT 615.92 615.96 0.04 143 1617 1760

23180.5 BR U Effective HEC2

23180.5 BR U Prop FW AS BUILT 615.92 615.96 0.04 128.17 1617 1760

23180.5 BR D Effective HEC2

23180.5 BR D Prop FW AS BUILT 615.79 615.8 0.01 115.41 1617 1760

23160 Effective HEC2 612.06 612.42 0.36 28 1679 1707 ‐1.85

23160 Prop FW AS BUILT 610.21 610.21 0 143 1617 1760

23110 Effective HEC2 611.77 612.26 0.49 60 1665 1725 ‐5.68

23110 Prop FW AS BUILT 606.09 606.82 0.73 142 1618 1760

22970 Effective HEC2 611.22 611.68 0.46 120 1645 1765 ‐5.45

22970 Prop FW AS BUILT 605.77 606.37 0.6 160 1585 1745

22440 Effective HEC2 608.46 609.19 0.73 140 1602 1742 ‐2.97

22440 Prop FW AS BUILT 605.49 606.13 0.64 145 1573 1718

22110 Prop FW AS BUILT 605.22 605.84 0.62 160 1536 1696

21750 Effective HEC2 606.45 607.27 0.82 160 1595 1755 ‐1.43

21750 Prop FW AS BUILT 605.02 605.58 0.57 160 1629 1789

21270 Effective HEC2 605.45 605.98 0.53 150 1210 1360 ‐0.53

21270 Prop FW AS BUILT 604.92 605.43 0.51 150 1189 1339

21250 Effective HEC2 605.44 606 0.56 160 1200 1360 ‐0.52

HEC‐RAS     River:  First Broad River    Reach:  First Broad River   Profile:  100 Yr.



21250 Prop FW AS BUILT 604.92 605.43 0.51 160 1159 1319

21085 Effective HEC2 605.31 605.89 0.58 190 1160 1350 ‐0.42

21085 Prop FW AS BUILT 604.89 605.38 0.49 190 1290 1480

21075 Effective HEC2 605.31 605.86 0.55 225 1200 1425 ‐0.42

21075 Prop FW AS BUILT 604.89 605.39 0.5 225 1329 1554

21030 Effective HEC2 605.27 605.83 0.56 235 1178 1413 ‐0.39

21030 Prop FW AS BUILT 604.88 605.38 0.49 235 1352 1587

20970 Effective HEC2 605.21 605.77 0.56 260 1885 2145 ‐0.34

20970 Prop FW AS BUILT 604.87 605.36 0.49 260 2005 2265

20230 Effective HEC2 604.34 604.87 0.53 170 2050 2220 0.14

20230 Prop FW AS BUILT 604.48 604.89 0.41 170 2050 2220

19430 Effective HEC2 602.72 603.52 0.8 180 2030 2210 0.12

19430 Prop FW AS BUILT 602.84 603.56 0.71 180 2030 2210

17790 Effective HEC2 600.65 601.32 0.67 150 1265 1415 0.11

17790 Prop FW AS BUILT 600.76 601.37 0.61 150 1265 1415

16030 Effective HEC2 596.53 597.06 0.53 128.04 1367 1497 ‐0.06

16030 Prop FW AS BUILT 596.47 596.99 0.52 116 1379 1495

15580 Effective HEC2 596.07 596.69 0.62 210 1345 1555 0

15580 Prop FW AS BUILT 596.07 596.69 0.62 210 1345 1555



Travis Branch Stream Restoration 7/15/2016

River Sta Plan W.S. Elev W.S. Elev Prof Top Encro. Encro. Project Impact

100 yr. 100 yr Delta WS Width Act Sta LT Sta RT Floodway Width

w/FW Revised‐Effective

(ft) (ft) (ft) (ft) (ft) (ft) (ft)

27950 Effective HEC2 619.57 620.12 0.55 70 1330 1400 0

27950 Prop FW AS BUILT 619.6 620.1 0.5 70 1330 1400

27770 Effective HEC2 618.95 619.52 0.57 100 1327 1427 0

27770 Prop FW AS BUILT 619.05 619.53 0.48 100 1327 1427

26840 Effective HEC2 617.27 617.99 0.72 200 1530 1730 0

26840 Prop FW AS BUILT 617.47 618.03 0.56 200 1530 1730

26070 Effective HEC2 616.8 617.57 0.77 250 1600 1850 0

26070 Prop FW AS BUILT 617.03 617.61 0.58 250 1600 1850

25340 Effective HEC2 616.58 617.21 0.63 200 1745 1945 0

25340 Prop FW AS BUILT 616.82 617.25 0.43 200 1745 1945

23335 Effective HEC2 615.77 616.05 0.28 180 1610 1790 0

23335 Prop FW AS BUILT 615.99 616.08 0.09 180 1610 1790

23245 Effective HEC2 615.65 615.94 0.29 120 1635 1755 0

23245 Prop FW AS BUILT 615.94 615.97 0.03 120 1635 1755

23201 Effective HEC2 614.44 614.82 0.48 28 1679 1707 115

23201 Prop FW AS BUILT 615.92 615.96 0.04 143 1617 1760

23180.5 BR U Effective HEC2

23180.5 BR U Prop FW AS BUILT 615.92 615.96 0.04 128.17 1617 1760

23180.5 BR D Effective HEC2

23180.5 BR D Prop FW AS BUILT 615.79 615.8 0.01 115.41 1617 1760

23160 Effective HEC2 612.06 612.42 0.36 28 1679 1707 115

23160 Prop FW AS BUILT 610.21 610.21 0 143 1617 1760

23110 Effective HEC2 611.77 612.26 0.49 60 1665 1725 82

23110 Prop FW AS BUILT 606.09 606.82 0.73 142 1618 1760

22970 Effective HEC2 611.22 611.68 0.46 120 1645 1765 40

22970 Prop FW AS BUILT 605.77 606.37 0.6 160 1585 1745

22440 Effective HEC2 608.46 609.19 0.73 140 1602 1742 5

22440 Prop FW AS BUILT 605.49 606.13 0.64 145 1573 1718

22110 Prop FW AS BUILT 605.22 605.84 0.62 160 1536 1696

21750 Effective HEC2 606.45 607.27 0.82 160 1595 1755 0

21750 Prop FW AS BUILT 605.02 605.58 0.57 160 1629 1789

21270 Effective HEC2 605.45 605.98 0.53 150 1210 1360 0

21270 Prop FW AS BUILT 604.92 605.43 0.51 150 1189 1339

21250 Effective HEC2 605.44 606 0.56 160 1200 1360 0

HEC‐RAS     River:  First Broad River    Reach:  First Broad River   Profile:  100 Yr.



21250 Prop FW AS BUILT 604.92 605.43 0.51 160 1159 1319

21085 Effective HEC2 605.31 605.89 0.58 190 1160 1350 0

21085 Prop FW AS BUILT 604.89 605.38 0.49 190 1290 1480

21075 Effective HEC2 605.31 605.86 0.55 225 1200 1425 0

21075 Prop FW AS BUILT 604.89 605.39 0.5 225 1329 1554

21030 Effective HEC2 605.27 605.83 0.56 235 1178 1413 0

21030 Prop FW AS BUILT 604.88 605.38 0.49 235 1352 1587

20970 Effective HEC2 605.21 605.77 0.56 260 1885 2145 0

20970 Prop FW AS BUILT 604.87 605.36 0.49 260 2005 2265

20230 Effective HEC2 604.34 604.87 0.53 170 2050 2220 0

20230 Prop FW AS BUILT 604.48 604.89 0.41 170 2050 2220

19430 Effective HEC2 602.72 603.52 0.8 180 2030 2210 0

19430 Prop FW AS BUILT 602.84 603.56 0.71 180 2030 2210

17790 Effective HEC2 600.65 601.32 0.67 150 1265 1415 0

17790 Prop FW AS BUILT 600.76 601.37 0.61 150 1265 1415

16030 Effective HEC2 596.53 597.06 0.53 128.04 1367 1497 ‐12.04

16030 Prop FW AS BUILT 596.47 596.99 0.52 116 1379 1495

15580 Effective HEC2 596.07 596.69 0.62 210 1345 1555 0

15580 Prop FW AS BUILT 596.07 596.69 0.62 210 1345 1555



PHOTO UPSTREAM OF SECTION 21030 

 

 

 

PHOTO  UPSTREAM OF SECTION 21000 

 



PHOTO AT SECTION 21270 

 

 

 

PHOTO AT SECTION 21800 

 



PHOTO UPSTREAM OF SECTION 22400 
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U.S. DEPARTMENT OF HOMELAND SECURITY 
FEDERAL EMERGENCY MANAGEMENT AGENCY 

RIVERINE HYDROLOGY & HYDRAULICS FORM 
O.M.B No. 1660-0016 
Expires February 28, 2014 

 

PAPERWORK BURDEN DISCLOSURE NOTICE 
Public reporting burden for this form is estimated to average 3.5 hours per response. The burden estimate includes the time for reviewing instructions, 
searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. You are not 
required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. Send comments 
regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections Management, Department of 
Homeland Security, Federal Emergency Management Agency, 1800 South Bell Street, Arlington VA 20958-3005, Paperwork Reduction Project 
(1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance Program. Please do not send your 
completed survey to the above address. 

PRIVACY ACT STATEMENT 

AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law 
93-234.  
PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National 
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM).  
ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as 
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National 
Flood Insurance Program (NFIP); Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.  
DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent 
FEMA from processing a determination regarding a requested change to a NFIP Flood Insurance Rate Maps (FIRM). 

 
Flooding Source:  Travis Creek   
Note: Fill out one form for each flooding source studied 

A.  HYDROLOGY 

1. Reason for New Hydrologic Analysis  (check all that apply) 
 

  Not revised (skip to section B)   No existing analysis   Improved data 
  Alternative methodology   Proposed Conditions (CLOMR)   Changed physical condition of watershed 

 
2. Comparison of Representative 1%-Annual-Chance Discharges 
 

Location Drainage Area (Sq. Mi.) Effective/FIS (cfs) Revised (cfs) 
                        
                        
                        
3. Methodology for New Hydrologic Analysis  (check all that apply) 
 

  Statistical Analysis of Gage Records   Precipitation/Runoff Model   Specify Model:         
  Regional Regression Equations   Other (please attach description) 

 
Please enclose all relevant models in digital format, maps, computations (including computation of parameters), and documentation to support the 
new analysis.   
 

4. Review/Approval of Analysis 
 

If your community requires a regional, state, or federal agency to review the hydrologic analysis, please attach evidence of approval/review. 
 
5. Impacts of Sediment Transport on Hydrology 
 

Is the hydrology for the revised flooding source(s) affected by sediment transport?      Yes      No      
 
If yes, then fill out Section F (Sediment Transport) of Form 3.  If No, then attach your explanation.. 
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B.  HYDRAULICS 

1. Reach to be Revised 
  Description Cross Section Water-Surface Elevations (ft.) 

   Effective Proposed/Revised 
Downstream Limit* Trib to Travis Creek  20230  604.34  604.48  
Upstream Limit* Upstr Gibsonville Ossippee Rd  23245  615.65  615.94  

*Proposed/Revised elevations must tie-into the Effective elevations within 0.5 foot at the downstream and upstream limits of revision. 
2. Hydraulic Method/Model Used:  HEC RAS Version 4.1  
 
3. Pre-Submittal Review of Hydraulic Models* 

DHS-FEMA has developed two review programs, CHECK-2 and CHECK-RAS, to aid in the review of HEC-2 and HEC-RAS hydraulic models, 
respectively.  We recommend that you review your HEC-2 and HEC-RAS models with CHECK-2 and CHECK-RAS.   

4.  
Models Submitted Natural Run Floodway Run Datum 

Duplicate Effective Model* File Name: 
______________ 

Plan Name: 
DupEffMultTrunc 

File Name: 
______________ 

Plan Name: 
DupEffFWTrunc NGVD 29 

Corrected Effective Model* File Name: 
______________ 

Plan Name: 
CorrEffMultTrunc 

File Name: 
______________ 

Plan Name: 
CorrEffFWTrunc NGVD 29 

Existing or Pre-Project 
Conditions Model 

File Name: 
______________ 

Plan Name: 
ExCondMultTunc 

File Name: 
______________ 

Plan Name: 
EcCondFWTrunc NGVD 29 

Revised or Post-Project 
Conditions Model 

File Name: 
______________ 

Plan Name: 
ProMultTrunc 

File Name: 
______________ 

Plan Name: 
ProFWTrunc NGVD 29 

Other - (attach description)   File Name: 
______________ 

Plan Name: 
ProMultAsbuilt 

File Name: 
______________ 

Plan Name: 
ProFWAsbult NGVD 29 

* For details, refer to the corresponding section of the instructions. 
 
                                                                                     Digital Models Submitted? (Required) 

C.  MAPPING REQUIREMENTS 

A certified topographic work map must be submitted showing the following information (where applicable): the boundaries of the effective, existing, 
and proposed conditions 1%-annual-chance floodplain (for approximate Zone A revisions) or the boundaries of the 1%- and 0.2%-annual-chance 
floodplains and regulatory floodway (for detailed Zone AE, AO, and AH revisions); location and alignment of all cross sections with stationing control 
indicated; stream, road, and other alignments (e.g., dams, levees, etc.); current community easements and boundaries; boundaries of the requester's 
property; certification of a registered professional engineer registered in the subject State; location and description of reference marks; and the 
referenced vertical datum (NGVD, NAVD, etc.). 
                                                                                 Digital Mapping (GIS/CADD) Data Submitted (preferred)  
Topographic Information:  Merged Bare Earth Contours and Field Survey  

Source:  NCFMP  Date:  6/6/14  

Accuracy:  1.6  

Note that the boundaries of the existing or proposed conditions floodplains and regulatory floodway to be shown on the revised FIRM and/or FBFM 
must tie-in with the effective floodplain and regulatory floodway boundaries. Please attach a copy of the effective FIRM and/or FBFM, at the same 
scale as the original, annotated to show the boundaries of the revised 1%-and 0.2%-annual-chance floodplains and regulatory floodway that tie-in with 
the boundaries of the effective 1%-and 0.2%-annual-chance floodplain and regulatory floodway at the upstream and downstream limits of the area on 
revision. 

  Annotated FIRM and/or FBFM (Required)    
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D.  COMMON REGULATORY REQUIREMENTS* 

1. For LOMR/CLOMR requests, do Base Flood Elevations (BFEs) increase?    Yes    No 
 

a.   For CLOMR requests, if either of the following is true, please submit evidence of compliance with Section 65.12 of the NFIP regulations:  
• The proposed project encroaches upon a regulatory floodway and would result in increases above 0.00 foot compared to pre-project 

conditions. 
• The proposed project encroaches upon a SFHA with or without BFEs established and would result in increases above 1.00 foot 

compared to pre-project conditions. 
 b.   Does this LOMR request cause increase in the BFE and/or SFHA compared with the effective BFEs and/or SFHA?    Yes    No 

If Yes, please attach proof of property owner notification and acceptance (if available).  Elements of and examples of property owner 
notifications can be found in the MT-2 Form 2 Instructions. 

 
2. Does the request involve the placement or proposed placement of fill?   Yes    No 
 

If Yes, the community must be able to certify that the area to be removed from the special flood hazard area, to include any structures or 
proposed structures, meets all of the standards of the local floodplain ordinances, and is reasonably safe from flooding in accordance with the 
NFIP regulations set forth at 44 CFR 60.3(A)(3), 65.5(a)(4), and 65.6(a)(14).  Please see the MT-2 instructions for more information. 

 
3. For LOMR requests, is the regulatory floodway being revised?    Yes    No 
 

If Yes, attach evidence of regulatory floodway revision notification.  As per Paragraph 65.7(b)(1) of the NFIP Regulations, notification is 
required for requests involving revisions to the regulatory floodway.  (Not required for revisions to approximate 1%-annual-chance floodplains 
[studied Zone A designation] unless a regulatory floodway is being established. Elements and examples of regulatory floodway revision 
notification can be found in the MT-2 Form 2 Instructions.) 
 

4. For CLOMR requests, please submit documentation to FEMA and the community to show that you have complied with Sections 9 and 10 of the 
Endangered Species Act (ESA).   

 
For actions authorized, funded, or being carried out by Federal or State agencies, please submit documentation from the agency showing its 
compliance with Section 7(a)(2) of the ESA. Please see the MT-2 instructions for more detail.  

* Not inclusive of all applicable regulatory requirements.  For details, see 44 CFR parts 60 and 65.   
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DEPARTMENT OF HOMELAND SECURITY 

FEDERAL EMERGENCY MANAGEMENT AGENCY 
RIVERINE STRUCTURES FORM 

 O.M.B. NO. 1660-0016  
Expires February 28, 2014 

PAPERWORK BURDEN DISCLOSURE NOTICE 
Public reporting burden for this form is estimated to average 7 hours per response. The burden estimate includes the time for reviewing 
instructions, searching existing data sources, gathering and maintaining the needed data, and completing, reviewing, and submitting the form. 
You are not required to respond to this collection of information unless a valid OMB control number appears in the upper right corner of this form. 
Send comments regarding the accuracy of the burden estimate and any suggestions for reducing this burden to: Information Collections 
Management, Department of Homeland Security, Federal Emergency Management Agency, 1800 South Bell Street, Arlington, VA 20598-3005, 
Paperwork Reduction Project (1660-0016). Submission of the form is required to obtain or retain benefits under the National Flood Insurance 
Program. Please do not send your completed survey to the above address. 

PRIVACY ACT STATEMENT 
AUTHORITY: The National Flood Insurance Act of 1968, Public Law 90-448, as amended by the Flood Disaster Protection Act of 1973, Public Law 
93-234.  
PRINCIPAL PURPOSE(S): This information is being collected for the purpose of determining an applicant's eligibility to request changes to National 
Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRM).  
ROUTINE USE(S): The information on this form may be disclosed as generally permitted under 5 U.S.C § 552a(b) of the Privacy Act of 1974, as 
amended. This includes using this information as necessary and authorized by the routine uses published in DHS/FEMA/NFIP/LOMA-1 National 
Flood Insurance Program; Letter of Map Amendment (LOMA) February 15, 2006, 71 FR 7990.  
DISCLOSURE: The disclosure of information on this form is voluntary; however, failure to provide the information requested may delay or prevent 
FEMA from processing a determination regarding a requested change to a NFIP Flood Insurance Rate Maps (FIRM). 
Flooding Source:  Travis Creek 
 

Note: Fill out one form for each flooding source studied.  
A. GENERAL 

Complete the appropriate section(s) for each Structure listed below:  
Channelization...............complete Section B  
Bridge/Culvert................complete Section C  
Dam...............................complete Section D  
Levee/Floodwall.............complete Section E  
Sediment Transport........complete Section F (if required) 
 

Description Of  Modeled Structure 
 
1.    Name of Structure:        

 
Type  (check one):  Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:        
 
Downstream Limit/Cross Section:        
 
Upstream Limit/Cross Section:       
 

2.    Name of Structure:        
 
Type  (check one):  Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:        
 
Downstream Limit/Cross Section:        
 
Upstream Limit/Cross Section:        
 

 
3.    Name of Structure:        

 
Type  (check one)   Channelization  Bridge/Culvert   Levee/Floodwall   Dam 
 
Location of Structure:        
 
Downstream Limit/Cross Section:        
 
Upstream Limit/Cross Section:        

 
NOTE: FOR MORE STRUCTURES, ATTACH ADDITIONAL PAGES AS NEEDED. 
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B.  CHANNELIZATION 
Flooding Source:  Travis Creek 
 
Name of Structure:  Stream Restoration 
 
1. Hydraulic Considerations 
 
 The channel was designed to carry        (cfs) and/or the 2-year flood. 
         The design elevation in the channel is based on (check one): 
             Subcritical flow     Critical flow    Supercritical flow    Energy grade line 

If there is the potential for a hydraulic jump at the following locations, check all that apply and attach an explanation of how the hydraulic 
jump is controlled without affecting the stability of the channel. 
 

  Inlet to channel       Outlet of channel       At Drop Structures      At Transitions     
  Other locations (specify):        

 
2. Channel Design Plans 
 
 Attach the plans of the channelization certified by a registered professional engineer, as described in the instructions.  
 
3. Accessory Structures 
 

The channelization includes (check one): 
  Levees [Attach Section E (Levee/Floodwall)]          Drop structures          Superelevated sections   
  Transitions in cross sectional geometry         Debris basin/detention basin  [Attach Section D (Dam/Basin)]   Energy dissipator 

 
  Weir                                Other (Describe):                                                                                                       

 
4. Sediment Transport Considerations 
 

Are the hydraulics of the channel affected by sediment transport?      Yes      No      
     If yes, then fill out Section F (Sediment Transport) of Form 3.  If No, then attach your explanation for why sediment transport was not 
considered. 

C. BRIDGE/CULVERT 
Flooding Source:        
 
Name of Structure:        
    
1. This revision reflects (check one): 

  Bridge/culvert not modeled in the FIS 
  Modified bridge/culvert previously modeled in the FIS 
  Revised analysis of bridge/culvert previously modeled in the FIS 

2. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8):       
If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the flooding source could not analyze 
the structures.  Attach justification. 

 
3. Attach plans of the structures certified by a registered professional engineer.  The plan detail and information should include the following 

(check the information that has been provided):   
  Dimensions (height, width, span, radius, length)     Distances Between Cross Sections 
  Shape (culverts only)       Erosion Protection 
  Material        Low Chord Elevations – Upstream and Downstream 
  Beveling or Rounding       Top of Road Elevations – Upstream and Downstream 
  Wing Wall Angle       Structure Invert Elevations – Upstream and Downstream 
  Skew Angle       Stream Invert Elevations – Upstream and Downstream 

                         Cross-Section Locations 
 

4. Sediment Transport Considerations 
 

 Are the hydraulics of the structure affected by sediment transport?      Yes      No      
          
        If Yes, then fill out Section F (Sediment Transport) of Form 3.  If no, then attach an explanation. 
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  D.  DAM/BASIN 
 

Flooding Source:        
Name of Structure:        
    
1. This request is for (check one):               Existing dam/basin       New dam/basin     Modification of existing dam/basin 
 
2. The dam/basin was designed by (check one):  Federal agency   State agency    Private organization   Local government agency                        
 
 Name of the agency or organization:        
 
3. The  Dam was permitted as (check one):    Federal Dam                       State Dam      

  
Provide the permit or identification number (ID) for the dam and the appropriate permitting agency or organization   
 
Permit or ID number __________________   Permitting Agency or Organization   _____________________________ 

 
a.  Local Government Dam      Private Dam 

 
Provided related drawings, specification and supporting design information.                 

 
4. Does the project involve revised hydrology?      Yes      No 
   
  If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2). 
 

Was the dam/basin designed using critical duration storm? (must account for the maximum volume of runoff) 
 

   Yes, provide supporting documentation with your completed Form 2. 
 

   No, provide a written explanation and justification for not using the critical duration storm. 
 

5. Does the submittal include debris/sediment yield analysis?      Yes      No 
 
 If Yes, then fill out Section F (Sediment Transport).  If No, then attach your explanation for why debris/sediment analysis was not considered? 
 
6. Does the Base Flood Elevation behind the dam/basin or downstream of the dam/basin change?     Yes      No      
 
 If Yes, complete the Riverine Hydrology & Hydraulics Form (Form 2) and complete the table below. 
 

Stillwater Elevation Behind the Dam/Basin 
  FREQUENCY (% annual chance)  FIS   REVISED 
 

10-year (10%)                  
50-year (2%)                   
100-year (1%)                   
500-year (0.2%)                 
Normal Pool Elevation             

7. Please attach a copy of the formal Operation and Maintenance Plan 
 

E.  LEVEE/FLOODWALL 
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1. System Elements 
 
 a. This Levee/Floodwall analysis is based on (check one):   
 
 

   
 b. Levee elements and locations are (check one): 
 
    earthen embankment, dike, berm, etc. Station        to            

    structural floodwall  Station        to            
    Other (describe):       Station        to            
  
 c. Structural Type (check one):   monolithic cast-in place reinforced concrete     reinforced concrete masonry block     sheet piling 
   Other (describe):            
 
d. Has this levee/floodwall system been certified by a Federal agency to provide protection from the base flood?  
 
  Yes       No 
 
 If Yes, by which agency?            

 
upgrading of 
an existing 
levee/floodwall 
system 

 
a newly 
constructed 
levee/floodwall 
system 

 
reanalysis of 
an existing 
levee/floodwall 
system 
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e. Attach certified drawings containing the following information (indicate drawing sheet numbers): 

 
1. Plan of the levee embankment and floodwall structures.   Sheet Numbers:       
2. A profile of the levee/floodwall system showing the Base Flood Elevation (BFE),  
  levee and/or wall crest and foundation, and closure locations for the total levee system.   Sheet Numbers:       
3. A profile of the BFE, closure opening outlet and inlet invert elevations, type and size  
  of opening, and kind of closure.   Sheet Numbers:       
 
4. A layout detail for the embankment protection measures.   Sheet Numbers:       
5. Location, layout, and size and shape of the levee embankment features, foundation treatment,  
 Floodwall structure, closure structures, and pump stations.      Sheet Numbers:       
 

2. Freeboard 
 

a. The minimum freeboard provided above the BFE is: 
 

      
 
   Riverine 

 
    3.0 feet or more at the downstream end and throughout  Yes  No 
    3.5 feet or more at the upstream end  Yes  No 
    4.0 feet within 100 feet upstream of all structures and/or constrictions  Yes  No 
 

Coastal 
 
1.0 foot above the height of the one percent wave associated with the 1%-annual-chance 
stillwater surge elevation or maximum wave runup (whichever is greater).    Yes  No 
    
2.0 feet above the 1%-annual-chance stillwater surge elevation  Yes  No 
 
Please note, occasionally exceptions are made to the minimum freeboard requirement.  If an exception is requested, attach 
documentation addressing Paragraph 65.10(b)(1)(ii) of the NFIP Regulations.   
 
 If No is answered to any of the above, please attach an explanation.  
 

b. Is there an indication from historical records that ice-jamming can affect the BFE?      Yes     No 
 
 If Yes, provide ice-jam analysis profile and evidence that the minimum freeboard discussed above still exists.   

 
3. Closures 

 
 a. Openings through the levee system (check one):   exists      does not exist 

 
 If opening exists, list all closures: 
 

Channel Station Left or Right Bank Opening Type Highest Elevation for 
Opening Invert 

Type of Closure Device 

                              
                              
                              
                              
                              
(Extend table on an added sheet as needed and reference) 
 
Note:  Geotechnical and geologic data 
 
In addition to the required detailed analysis reports, data obtained during field and laboratory investigations and used in the design 
analysis for the following system features should be submitted in a tabulated summary form.  (Reference U.S. Army Corps of 
Engineers [USACE] EM-1110-2-1906 Form 2086.) 
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4. Embankment Protection 
 
 a. The maximum levee slope land side is:        
 
 b. The maximum levee slope flood side is:        
 
 c. The range of velocities along the levee during the base flood is:       (min.)  to       (max.) 
 
 d. Embankment material is protected by (describe what kind):       
 
 e. Riprap Design Parameters (check one):    Velocity   Tractive stress 
  Attach references 
 

Reach Sideslope Flow 
Depth 

 
Velocity 

Curve or 
Straight 

Stone Riprap 
Depth of Toedown D100 D50 Thickness 

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     

Sta       to                                                     
 
(Extend table on an added sheet as needed and reference each entry) 
 
 f. Is a bedding/filter analysis and design attached?   Yes       No 
 
 g. Describe the analysis used for other kinds of protection used (include copies of the design analysis): 
 
        
 
Attach engineering analysis to support construction plans.   
 
5. Embankment And Foundation Stability 
 

a. Identify locations and describe the basis for selection of critical location for analysis:  
      

 
     Overall height:  Sta.:      , height       ft. 
 
     Limiting foundation soil strength: 
 
  Strength  φ =       degrees, c =       psf 
 
  Slope:  SS =       (h) to       (v) 
 
  (Repeat as needed on an added sheet for additional locations) 
 

b. Specify the embankment stability analysis methodology used (e.g., circular arc, sliding block, infinite slope, etc.): 
       
 

c. Summary of stability analysis results:       
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E.  LEVEE/FLOODWALL (CONTINUED) 

5. Embankment And Foundation Stability (continued)  

Case Loading Conditions  Critical Safety Factor  Criteria (Min.) 
I End of construction         1.3 
II Sudden drawdown         1.0 
III Critical flood stage         1.4 
IV Steady seepage at flood stage         1.4 
VI Earthquake (Case I)         1.0 

(Reference:  USACE EM-1110-2-1913 Table 6-1) 
 
 d. Was a seepage analysis for the embankment performed?   Yes      No 
 
  If Yes, describe methodology used:       
 
 e. Was a seepage analysis for the foundation performed?   Yes      No 
 
 f. Were uplift pressures at the embankment landside toe checked?  Yes      No 
 
 g. Were seepage exit gradients checked for piping potential?   Yes      No 
 
 h. The duration of the base flood hydrograph against the embankment is       hours. 
 

Attach engineering analysis to support construction plans. 
 

 
6. Floodwall And Foundation Stability 
 
 a. Describe analysis submittal based on Code (check one):    UBC (1988)   Other (specify):       
 
 b. Stability analysis submitted provides for:    Overturning            Sliding      If not, explain:        
 
 c. Loading included in the analyses were:    Lateral earth @ PA =       psf;    Pp =       psf 
 
    Surcharge-Slope @      ,     surface       psf 
 
    Wind @ Pw =       psf 
 
    Seepage (Uplift);          Earthquake @ Peq =       %g 
 
   1%-annual-chance significant wave height:        ft. 
 
  1%-annual-chance significant wave period:        sec. 
 

d. Summary of Stability Analysis Results:  Factors of Safety. 
 Itemize for each range in site layout dimension and loading condition limitation for each respective reach.   

Loading Condition 
Criteria (Min) Sta  To Sta To 

Overturn Sliding  Overturn Sliding Overturn Sliding 
Dead & Wind 1.5 1.5                         
Dead & Soil 1.5 1.5                         
Dead, Soil, Flood, & 
Impact 

1.5 1.5                         

Dead, Soil, & Seismic 1.3 1.3                         
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   (Ref:  FEMA 114 Sept 1986; USACE EM 1110-2-2502) 
   Note: (Extend table on an added sheet as needed and reference) 

 

E.  LEVEE/FLOODWALL (CONTINUED) 
6. Floodwall And Foundation Stability (continued) 
 

e. Foundation bearing strength for each soil type: 
 

Bearing Pressure Sustained Load (psf) Short Term Load (psf) 
Computed design maximum             
Maximum allowable             
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 f. Foundation scour protection  is,  is not provided.  If provided, attach explanation and supporting documentation: 
 
 Attach engineering analysis to support construction plans.   
 
7. Settlement 
 
 a. Has anticipated potential settlement been determined and incorporated into the specified construction elevations to maintain the    

 established freeboard margin?  Yes      No 
 
 b. The computed range of settlement is       ft. to       ft. 
 
 c. Settlement of the levee crest is determined to be primarily from :   Foundation consolidation   Embankment compression 

  Other (Describe):        
 

 d. Differential settlement of floodwalls    has    has not been accommodated in the structural design and construction.   
 

 Attach engineering analysis to support construction plans.   
 

8. Interior Drainage 
 
 a. Specify size of each interior watershed: 
 
  Draining to pressure conduit:        acres 
  Draining to ponding area:        acres 
 
 b. Relationships Established 
 
  Ponding elevation vs. storage     Yes      No 
  Ponding elevation vs. gravity flow    Yes      No 
  Differential head vs. gravity flow    Yes      No 
 
 c. The river flow duration curve is enclosed:   Yes      No 
 
 d. Specify the discharge capacity of the head pressure conduit:        cfs 
 
 e. Which flooding conditions were analyzed? 
 

• Gravity flow (Interior Watershed)    Yes      No 
• Common storm (River Watershed)    Yes      No  
• Historical ponding probability    Yes      No 
• Coastal wave overtopping    Yes      No 
 

 If No for any of the above, attach explanation. 
 
e. Interior drainage has been analyzed based on joint probability of interior and exterior flooding and the capacities of pumping and outlet   

facilities to provide the established level of flood protection.      Yes      No   If No, attach explanation. 
 

 g. The rate of seepage through the levee system for the base flood is       cfs 
 
 h. The length of levee system used to drive this seepage rate in item g:       ft. 

 

 
E.  LEVEE/FLOODWALL (CONTINUED) 

 
8. Interior Drainage (continued) 
 

i. Will pumping plants be used for interior drainage?    Yes      No 
 

If Yes, include the number of pumping plants:         For each pumping plant, list: 
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The number of pumps 
Plant #1 Plant #2 

            
The ponding storage capacity             
The maximum pumping rate             
The maximum pumping head             
The pumping starting elevation             
The pumping stopping elevation             
Is the discharge facility protected?             
Is there a flood warning plan?             
How much time is available between warning 
and flooding? 

            

Will the operation be automatic?       Yes      No 
If the pumps are electric, are there backup power sources?     Yes      No 
 
(Reference:  USACE  EM-1110-2-3101, 3102, 3103, 3104, and 3105) 
 
Include a copy of supporting documentation of data and analysis.  Provide a map showing the flooded area and maximum ponding elevations for all 
interior watersheds that result in flooding.   
 
9. Other Design Criteria 
 

a. The following items have been addressed as stated: 
 

Liquefaction   is   is not a problem 
Hydrocompaction   is   is not a problem 
Heave differential movement due to soils of high shrink/swell   is   is not a problem 

 
b. For each of these problems, state the basic facts and corrective action taken: 
       
 
 
 
  Attach supporting documentation  
  
c. If the levee/floodwall is new or enlarged, will the structure adversely impact flood levels and/or flow velocities floodside of the structure?
  Yes      No  Attach supporting documentation 
 
d. Sediment Transport Considerations: 
 

 Was sediment transport considered?       Yes      No      
 If Yes, then fill out Section F (Sediment Transport).  If No, then attach your explanation for why sediment transport was not considered. 
10. Operational Plan And Criteria 
 

a. Are the planned/installed works in full compliance with Part 65.10 of the NFIP Regulations?           Yes      No 
 
b. Does the operation plan incorporate all the provisions for closure devices as required in Paragraph 65.10(c)(1) of the NFIP regulations?  
  Yes      No 
 
c. Does the operation plan incorporate all the provisions for interior drainage as required in Paragraph 65.10(c)(2) of the NFIP regulations? 
  Yes      No If the answer is No to any of the above, please attach supporting documentation.  
 

 
E.  LEVEE/FLOODWALL (CONTINUED) 
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11. Maintenance Plan 
Please attach a copy of the fomal maintenance plan for the levee/floodwall 

 
12. Operations and Maintenance Plan 

 
 Please attach a copy of the formal Operations and Maintenance Plan for the levee/floodwall. 

 

CERTIFICATION OF THE LEVEE DOCUMENTION 

This certification is to be signed and sealed by a licensed registered professional engineer authorized by law to certify elevation information data, 
hydrologic and hydraulic analysis, and any other supporting information as per NFIP regulations paragraph 65.10(e) and as described in the MT-2 
Forms Instructions.  All documents submitted in support of this request are correct to the best of my knowledge.  I understand that any false 
statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section 1001. 
Certifier’s Name:        License No.:        Expiration Date:       
Company Name:        Telephone No.:        Fax No.:        
Signature:       Date:        E-Mail Address:        

F.  SEDIMENT TRANSPORT 

Flooding Source:         
 
Name of Structure:        
    
If there is any indication from historical records that sediment transport (including scour and deposition) can affect the Base Flood Elevation (BFE); 
and/or based on the stream morphology, vegetative cover, development of the watershed and bank conditions, there is a potential for debris and 
sediment transport (including scour and deposition) to affect the BFEs, then provide the following information along with the supporting 
documentation: 
 
Sediment load associated with the base flood discharge:     Volume       acre-feet 
 
Debris load associated with the base flood discharge:          Volume       acre-feet 
 
Sediment transport rate        (percent concentration by volume) 
 
Method used to estimate sediment transport:       
 
Most sediment transport formulas are intended for a range of hydraulic conditions and sediment sizes; attach a detailed explanation for using the 
selected method. 
 
 Method used to estimate scour and/or deposition:       
 
 Method used to revise hydraulic or hydrologic analysis (model) to account for sediment transport:        
 
Please note that bulked flows are used to evaluate the performance of a structure during the base flood; however, FEMA does not map BFEs based 
on bulked flows. 
 
 
 
If a sediment analysis has not been performed, an explanation as to why sediment transport (including scour and deposition) will not affect the BFEs 
or structures must be provided. 
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{Date} 
 
{Affected property owner name} 
{Affected property owner mailing address} 
 
Re: Notification of Flood Hazard Revisions 
 
Dear Mr./Ms./Mr. and Mrs. {Affected property owner} 
 
 
Sungate Design Group, PA  is applying for a Letter of Map Revision (LOMR) from the Federal Emergency 
Management Agency (DHS-FEMA) on behalf of Restoration Systems, LLC to revise FIRM 3710884600K 
for Alamance County, NC along Travis Creek.  Restoration Systems, LLC is proposing to revise the FIRM 
to reflect the effects of a stream restoration project. 
 
The Alamance County Planning Department in accordance with National Flood Insurance Program 
regulation 65.7(b)(1), hereby gives notice of Alamance County’s  intent to revise the 1% annual chance 
(100-year) floodway, generally located between Amick Road and Gibsonville Ossipee Road.  Specifically, 
the floodway shall be revised from a point 740 feet downstream of Gibsonville Ossipee Road to a point 
20 feet upstream of Gibsonville Ossipee Road.   
 
The LOMR will also result in: 
 
1. Increases and decreases in the 1% annual chance water-surface elevations along Travis Creek 

from a point 7150 feet downstream of Gibsonville Ossipee Road to a point upstream of  
Gibsonville Ossipee Road.  

 
2. Widening and narrowing of the 1% annual chance floodplain along Travis Creek from a point 

7150 feet downstream of Gibsonville Ossipee Road to a point upstream of Gibsonville Ossipee 
Road. 

 
3. Widening and narrowing of the 1% annual chance floodway along Travis revised from a point 

740 feet downstream of Gibsonville Ossipee Road to a point 20 feet upstream of Gibsonville 
Ossipee Road 

 
This letter is to inform you of flood hazard revisions on your property at {insert physical address}. 
 
Maps and detailed analysis of the flood hazard revision can be reviewed at the Alamance County 
Planning Department at 217 College Street, Suite C, Graham, NC.  If you have any questions or concerns 
about the proposed project or its affect on your property, you may contact Ms. Libby Hodges of 
Alamance County at 336-570-4053 from 8:00 am to 5:00 pm Monday through Friday. 
 
 
 
Sincerely, 
 
 
 



Ms. Libby Hodges 
Floodplain Administrator 
Alamance County Planning Department 



Aycock Springs Stream Restoration - Property Owners 

 

1. Parcel ID # 110189 
Oakley, Gary M. Sr. & Pamela B.  
3016 Amick Rd 
Elon, NC 27244 
Prop Add.:  Gibsonville Ossipee Rd 
Acres:  26.23 
GPIN: 8846554072 
 

2. Parcel ID # 110190 
Oakley, Gary M. Sr. & Pamela B.  
3016 Amick Rd 
Elon, NC 27244 
Prop Add.:  Amick Rd 
Acres:  30.39 
GPIN: 8846555814 

 
3. Parcel ID # 172223 

Kate T. McMillan Heirs 
C/O Crystal Gail Spivey 
2059 W. Cherokee St 
Blacksburg, SC 29702 
Prop Add.:  Gibsonville Ossipee Rd 
Acres:  1.21 
GPIN: 8846458428 
 

4. Parcel ID # 110136 
Oakley, Gary M. Sr. & Pamela B.  
3016 Amick Rd 
Elon, NC 27244 
Prop Add.:  1315 Gibsonville Ossipee Rd 
Acres:  14.71 
GPIN: 8846454775 
 

5. Parcel ID # 110137 
Oakley, Gary M. Sr. & Pamela B.  
3016 Amick Rd 
Elon, NC 27244 
Prop Add.:  Amick Rd 
Acres:  6.49 
GPIN:  8846469557 
 
 
 

6. Parcel ID # 170380 
Oakley, Gary M. Sr. & Pamela B.  
3016 Amick Rd 
Elon, NC 27244 
Prop Add.:  Gibsonville Ossipee Rd 
Acres:  16.59 
GPIN: 8846464882 
 

7. Parcel ID # 110223 
Oakley, Gary M. Sr. & Pamela B.  
3016 Amick Rd 
Elon, NC 27244 
Prop Add.:  Amick Rd 
Acres:  13.60 
GPIN: 8846652886 
 

8. Parcel ID # 110188 
Holt D. Lewis Family Trust 
C/O Carolyn Pulley 
1431 Kirkpatrick Rd 
Burlington, NC 27215 
Prop Add.:  Gibsonville Ossipee Rd 
Acres:  67.79 
GPIN: 8846546133 
 

9. Parcel ID #110112 
Ridge, Kathryn L. etal 
1100 Metropolitan Ave #410 
Charlotte, NC  28204 
Prop Add:  Piedmont Ave 
Acres:  71.97 
GPIN:  8846351505 
 

10. Parcel ID #109886 
Litten, Steven Wallace 
101 E Main St 
Gibsonville, NC  27249 
Prop Add:  805 Piedmont Ave 
Acres:  53.58 
GPIN:  8846144304 

 
  



11. Parcel ID #109887 
Litten, Tony Maxton & Pamela B. 
3042 Burke Clubhouse Rd 
Gibsonville, NC  27249 
Prop Add:  3040 Burke Clubhouse Rd 
Acres:  38.14 
GPIN:  8846151285 
 

12. Parcel ID #109997 
Guilford County 
Prop Add:  Gibsonville Ossipee Rd 
Acres:   
GPIN:  8846274076 
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