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What is Stream Restoration?

Adjusting physical, biological, and chemical conditions 
to set the stream ecosystem on a trajectory toward 
improved ecological functions and services

Beeson Creek, Kernersville, NC



Stream Restoration IS Erosion Control

Streambank erosion and headcutting may be the source 
of more than half of a watershed’s sediment loading 

Grassy Creek, Spruce Pine, NC



• Water quality & habitats

• Natural flow regimes

• Recreation & aesthetics

• Public enthusiasm

Outcomes of Restoration



Stream Restoration Project Components
• Channel & floodplain morphology (Fluvial Geomorphology)
• In-stream structures (grade control, bank protection, bedform)
• Streambank bio-engineering and native riparian buffers
• Watershed management 

Grassy Creek Spruce Pine, NC



Fluvial Geomorphology
• How are stream channels & floodplains shaped by flowing water?
• How to restore natural equilibrium to disturbed stream systems?
• How to manage flood flows and sediment transport?

Grassy Creek Spruce Pine, NC



Bankfull Channel Stage
“corresponds to the discharge at which channel maintenance is the 
most effective, that is, the discharge at which moving sediment, 
forming or removing bars, forming or changing bends and meanders, 
and generally doing work results in the average morphologic 
characteristics”  (Dunne and Leopold,1978)

Stream Corridor Restoration: Principles, Processes, and Practices. 1998. Federal Interagency Stream Restoration Working Group.



Reference Streams:
• Floodplain connection
• Vegetation
• Bedform diversity
• Freely-formed pattern

Similar climate, 
geology, soils, 
hydrology, sediment 
supply, vegetation



Design Plans Based on:
• Hydrology & Hydraulics
• Constraints
• Reference Geomorphology

• Dimension
• Pattern
• Profile
• Substrate
• Soil strength



Floodplain 
Connection

Priority 1

Priority 2

Priority 3



Purlear Creek Restoration, Wilkes County, NC

• Priority 1 & 2 floodplain connection
• 3300 ft channel realignment
• In-stream log habitat structures
• Native riparian vegetation
• Brook trout re-introduction

2009 2011



Purlear Creek 

2016

• Floodplain connection
• Dimension
• Pattern
• Profile
• Vegetation



In-stream Structures (Rocks & Logs)
• Grade control

• Near-bank shear stress reduction

• Sediment transport

• Habitat Enhancement



Successful Structures

• Properly designed and located
• Low profile
• Constructed to withstand stress
• Excellent vegetation



Constructed Riffle:  Rocks and Logs



Vanes  (Boulder or Log)
• Oriented upstream at 20-30 degrees from bank tangent

• Sloping up from channel invert at 3-5 % arm toward bank

• May control grade using J-hook (< 0.5 ft drop)

• May need footers, sills, geotextile to avoid piping/washout



Boulder Cross Vane with Logs Integrated into Footer



Ability Access Fishing Deck:  North Toe River



J-Hook Log Vane
STATION 2+00 meander bend 
streambank protection and 
scour pool maintenance

Before

After



Toe Wood 
Revetment
• streambank protection

• habitat enhancement  

November, 2015

August, 2016





Environmental Permits
1. US Army Corps of Engineers (Clean Water Act Section 404)
2. NC Division of Water Resources (Clean Water Act Section 401)



Environmental Permits
401/404 Pre-Construction Notification (PCN)
https://edocs.deq.nc.gov/Forms/Pre-Construction_Notification_Form

https://edocs.deq.nc.gov/Forms/Pre-Construction_Notification_Form


Environmental Permits
USACE Nationwide Permit 27 for Aquatic Habitat Restoration
http://saw-reg.usace.army.mil/NWP2017/2017NWP27.pdf

• Reference-based habitat restoration
• Natural stream morphology
• In-stream habitat logs & rocks
• Native plants

http://saw-reg.usace.army.mil/NWP2017/2017NWP27.pdf


Erosion & Sediment Control Plan



Erosion & Sediment Control Plan



Erosion & Sediment Control Plan



Erosion & Sediment Control Plan



• Spill management plan

• Construction entrance

• Silt fence

• Staging & stockpile

• Temporary crossings

• Stream flow diversion 
or pump-around

1. Site Preparation





• Stage project to limit exposed areas

• Use temporary ground cover as soon as possible

• Keep stormwater runoff away from site

• Use track equipment to minimize compaction

• Staged construction phases to limit exposure

2. Grading



3. Site Stabilization
• Soil preparation to support plant growth
• Seed and straw mulch
• Biodegradable matting with wood stakes
• Permanent native vegetation (grasses, shrubs, trees)
• Prepare for rain!



Vegetation Plan



Beeson Creek Restoration Design/Build
Ivey Redmon Sports Complex, Kernersville, NC 

Greg Jennings, PhD, PE
Jennings Environmental PLLC
NC State University
greg@jenningsenv.com

Thanks to Wendi Hartup, Darrell Westmoreland, 
Brandon Spaugh, Riley Lecka, Corben Brewer, Jon 
Page, Jonathan Hinkle, Jason Zink, David Penrose



Beeson Creek, Reach 4, Kernersville, NC

• 1,950 feet located mostly on Town property
• 0.33 square mile drainage area (42% developed)
• Channel incision 5 to 7 feet
• Priority 1 and 2 floodplain connection (ER = 4 to 6)

















Stream Restoration Designer/Contractor Interface

• Communications !!!

• Common understanding of client and regulatory expectations

• Responsiveness and adaptive management

Thank you,
Greg Jennings 
Darrell Westmoreland
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