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Mitigation is the Primary Driver

Mining Highway Construction

Development



Mitigation Program Coordinator

KY
Kentucky Department of Fish and Wildlife Resources (KDFWR) & 

Northern Kentucky University

TN
Tennessee Stream Mitigation Program (TSMP) established under the Tennessee Wildlife 

Resources Foundation, a 501(c)(3) non-profit

VA Virginia Department of Environmental Quality; Virginia Aquatic Resource Trust Fund (ILF)

NC NC Division of Mitigation Services (NC DEQ)

SC South Carolina Department of Natural Resources (SCDNR)

GA Georgia Land Trust (ILF)

MS IRT - Mobile District Corps of Engineers Regulatory Division

AL IRT - Mobile District Corps of Engineers Regulatory Division

FL Florida Department of Environmental Protection



State Grant Programs for Restoration

TN Stream and Wetland Restoration Grant (Dept. of Environment & Conservation)

VA Stream Restoration Assistance Program

NC NC Land & Water Fund (formerly CWMTF); NC DWR Water Resources Grants

SC SC DNR Fish Habitat Improvement

GA Cooperative Agreement for Stream Bank Restoration Program

FL State Water Quality Assistance Grants

Federal Grants for Restoration

Environmental Protection Agency 319 Grant Program



Stream Enhancement

Stream Establishment

Stream Re-establishment

Stream Rehabilitation



Southeast Stream Projects By Year
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NC 199

VA 179

GA 94

KY 32

AL 27

MS 24

SC 21

Total 576



RIBITS – Total Approved Mitigation Banks



Southeast Stream Mitigation By Project Length

• Mitigation Categories:  Enhancement, Establishment, Re-establishment and Rehabilitation

• Total Miles = 1,293 Miles; 86% Banks & 14% In Lieu Fee (ILF). 

• National Total = 1,451 Miles 

• Southeast accounts for 89% of all stream mitigation

148

280

78
120

302

81 74

210

0

50

100

150

200

250

300

350

AL GA KY MS NC SC TN VA

St
re

am
 L

e
n

gt
h

 (
M

ile
s)

Stream Mitigation Totals By Project Length

Banks ILF Total



Millstone Creek, NC

Cahaba Stream, AL
Hunting Creek, SC Tuscarora Creek, VA

UT Soque River, GA
UT Chilogatee Branch, TN



Hatchery Creek, KY Elm Creek, KY



Challenges

• KY - property issues (e.g. severed mineral rights for coal 

and oil/gas), regulatory consistency, and construction 

contractor performance

• MS/AL - moving stream channels without verifying water 

tables/hydrology, lack of construction oversight, lack of 

flexibility and in-the-field adjustments, unnatural stream 

channel substrates leading to erosion



New Restoration Approaches

• South Carolina US Army Corps Regional 

Guidance 18-01 (RGL 18-01)

• Restoration Credit for Removal of Perched 

and Undersized Culverts

• Flexibility on factors to determine credit 

generation

Potential Site:  Tributary to Gills Creek; Replace with a Bridge per ILF 



North Carolina Stream 

Restoration Practices & Policies 

Developed through Strong 

Partnerships

• Many Disciplines

• Universities

• Agencies

• Private Sector

• Non-Profit Organizations



NC State University Stream Restoration Program

Established: 1998

Mission: Advance the Science & 

Practice of Stream Restoration through

• Teaching

• Research 

• Networking www.ncsu.edu/srp



1. Educate professionals (designers, 

contractors, landowners, and resource 

managers) about effective restoration

2. Educate students who will serve 

society in government, academia, and 

business

3. Develop and test effective 

technologies for restoration design, 

construction, and evaluation

Objectives:



Team of Professionals

• Faculty, staff, and students working 
to improve water quality and aquatic 
ecology through research, 
demonstration projects, and 
education.



Program Components

• Academic courses (campus and on-line)

• Professional development workshops & tours

• Technical Resources

• Southeast Regional Conference (biennial)

• Networking (e-mail list, web site)

• Demonstration Projects

• Research (Graduate and Undergraduate)



Academic Courses
• BAE 584 – Introduction to Fluvial Geomorphology (on-line)

• AES 443 – Environmental Restoration Implementation

• BAE 580 – Introduction to Land and Water Engineering (on-line)

• BAE 582 – Risk and Failure Assessment of Stream Restoration Structures 

(on-line)

• BAE 579 – Stream Restoration (Not currently offered)



Training Courses

• Stream Assessment

• Stream Restoration

• Advanced Restoration Design

• AutoCAD for Stream Restoration

• Restoration Implementation & Evaluation

• Construction Certification for Contractors

• Vegetation Establishment & Monitoring

• Aquatic Macroinvertebrate Taxonomy

• Streambank Repair

• Hydraulic Design for Stream Restoration



River Course Workshops

• 3-day modules on Assessment, Restoration,  Advanced 

Design, & Implementation/Evaluation

• “Hands-on” training for 30-35 professionals per session

• More than 5600 participants since 2000



Construction (Certification)

• Partner with NC Ecosystem Enhancement Program (Mitigation 

Services)

• 3-day “hands-on” training for 40 contractors & construction 

supervisors

• Examination leads to certification



Technical Resources

• Fact 

Sheets

• Design 

Handbook

• Regional 

Curves for 

Hydraulic 

Geometry



Regional Conference - EcoStream
Purpose:

Exchange ideas and 

experiences

Promote research and 

advancement

Conference Includes: 

• Learning and Networking 

Opportunities

• Presentations & Posters

• Workshops

• Corporate Exhibits

• Field Tours



13 Conferences with 

Attendance of 150-500

• Elkin 1998
• Asheville 1999
• Boone 2000
• Raleigh 2001
• Wilmington 2002
• Winston-Salem 2004
• Charlotte 2006

• Asheville 2008
• Raleigh 2010
• Wilmington 2012
• Charlotte 2014
• Asheville 2016
• Asheville 2018



Attendee Profile



Demonstration Projects

• Various watershed conditions

• Teaching & long-term 

evaluation



Rocky Branch, NC State University

Urban stream restoration & stormwater management (NC CWMTF, 

NC DENR 319, NC DOT, FEMA)

Design, Construction, Monitoring:  2001-2012



Rendezvous Mountain State Forest

Rural high-gradient trout stream & wetland restoration (NC DFR, NC 

CWMTF)

Design, Construction, Monitoring:  2005-2009



Research Projects

• Restoration Design
• Hydraulic Geometry 

• Channel Morphology

• Sediment Transport

• Innovative Design Techniques

• Restoration Effectiveness
• Biological Indicators

• Eco-geomorphological Performance

• Water Quality Impacts

• Structure Performance

• Culvert Impacts on Fish Passage



Structure Performance

Rock Cross Vane Function & Performance:  Paige Puckett, PhD, 2007

• 3 Factor, 3 Level Study

Arm Angle (deg), Arm Slope (ft/ft), Drop 
(ft/bkfd)

• Response variable 

Flow Contraction = Vcenter/Vouter

Findings:
• Drop has the greatest impact on flow contraction.

• As drop decreases, slope effects are more 
predominant than angle effects.

• At higher drops, angle effects are more 
predominant than slope effects.



Channel Bedform Characterization

From longitudinal profile:

• length: pool, riffle

• slope: pool, riffle, reach

• height: step

• spacing: pool

Morphology survey of two streams, Joyce Kilmer Wilderness Area, Western 

N.C.:  Jason Zink, PhD 2012. 



Percent of Stream Length Occupied by Steps, Riffles, Pools

	

Pools:  >50% length for all streams with slope 0.07 ft/ft

Riffles/Steps:  both exist across entire range of slopes

Most common sequence:  step-pool-riffle

Longitudinal Profile:  Bedform Morphology



Water Quality Impacts

Purlear Creek restoration evaluation by Justin Spangler, MS 

2007



TSS Load

Total Inflow Load:

86 Mg

Total Outflow Load:

15 Mg

Decrease of:

71 Mg

83%

TSS Load
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Adapted from Harman et al., 2012, US EPA

Stream functions pyramid framework
Introduction



Evaluating the Stream Quantification Tool (SQT)

Adapted from Harman et al., 2017

Introduction

SFAM, Version 1.0, US EPA, 2018

Evaluate the SQT for measuring ecological functional uplift for 

stream restoration efforts:  Sara Donatich, MS, 2019 (defense 

November 26)
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Channel Adjustment
NC Division of Mitigation Services Database of all Piedmont Restored Streams for 

Mitigation

Summary Value

Total Number of Projects 44

Total Number of Reaches 107

Total Riffle Cross Sections 207 (129 

complete)

Total Pool Cross Sections 155 (102 

complete)





Millstone Creek: Test Regenerative Stormwater Conveyance (RSC) in 

Agricultural Setting
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Web Site:  www.ncsu.edu/srp


