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Stream Impairments

• Straightening & dredging

• Floodplain filling

• Watershed manipulation

• Sedimentation & stormwater

• Pollution discharges

• Utilities & culverts

• Buffer removal



What is Stream Restoration?

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

Grassy Creek, Spruce Pine, NC



Stream Ecosystem

• Channel
• Floodplain
• Water
• Sediment
• Nutrients
• Habitats
• Animals
• Plants



• Water quality & habitats

• Natural flow regimes

• Recreation & aesthetics

• Public enthusiasm

Outcomes of Restoration



Stream Restoration Components

• Channel & Floodplain Adjustments (Fluvial Geomorphology)

• In‐stream Structures (grade control, bank protection, habitat)

• Vegetation:  Bio‐engineering & Riparian Buffers

• Targeted Solutions:  AOP, Daylighting, Livestock, Stormwater



Fluvial Geomorphology:
Study of the form and function of streams and how they 
are shaped by flowing water

• Bankfull channel dimension, pattern, profile

• Floodplain connection

• Sediment transport

• Departure from equilibrium



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



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



New channel

Old channel
(600 ft in road ditch) 

Priority 1 & 2 
Floodplain Connection:

Realign channel to 
follow valley thalweg



Priority 1 
Floodplain Connection 
& Channel Realignment

2009

2011



Purlear Creek 

2016

• Floodplain connection
• Dimension
• Pattern
• Profile
• Vegetation



Shawneehaw Creek, Avery County, NC
• Priority 1 Floodplain Connection (ER = 4)
• Realign 800 ft channel (4% valley slope, K = 1.05)
• In‐stream rock and log habitat structures with cobble riffles

`

2018



Cobble Riffles &Boulder Steps, 2018 (7 years later)



UT Crabtree Creek, MAFC, Morrisville, NC
• Urban headwater stream in Neuse River Basin
• Drainage Area = 0.2 square miles
• Priority 2 Floodplain Connection (ER = 2 to 3)



Construction:  June ‐ August, 2018



Construction: 
June ‐ August, 2018



Planting:  December, 2018



Rocky Branch:  NCSU Campus

• Urban stream in Neuse River Basin
• Drainage Area = 1 square mile
• Priority 2 Floodplain Connection (ER = 2 to 3)
• Construction in 2006



NCSU Rocky Branch
Downstream at

Pullen Road

2012

2009



2013 Google Earth Image showing parking lot & buildings

2016 Google Earth Image showing daylighted stream

Boone Creek Daylighting:  Priority 3 Project Constructed 2015



Boone Creek:  2016 one year after construction



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



Constructed Riffle or Cascade



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



Vanes

• Single‐arm

• J‐hook

• Cross‐vane

20‐30 degrees

3‐5 % arm slopes



Cross Vanes for flow direction & grade control



Boulder Cross Vanes:  Grade Control & Habitat



Rocky Branch Cross Vanes:  2015 (9 years after)



Ability Access Fishing Deck:  North Toe River



Offset Boulder Cross Vane at a Bridge



Boulder Cross Vane with Logs Integrated into Footer



Boulder Vane:  Ivy Creek



Boulder J‐Hook Vane:  Scour Pool



Chinking Gaps to Prevent Piping



Log J‐hook Vane for flow direction & habitat



J‐Hook Log Vane

STATION 2+00 meander bend 
streambank protection and 
scour pool maintenance

Before

After



Log J‐Hook Vane: Flow direction, bank protection, habitat

Arm slope = 1.2 / 30 = 4%;  Arm angle = 25 degrees



Storm Flow:  Flow direction + Bank protection



Toe Wood 
Revetment
• streambank protection

• habitat enhancement  

November, 2015

August, 2016





How Do We Reduce Risk in Stream Restoration?
1. Boundary Conditions:  Soil Strengthening

• Earth (soil, rock)
• Artificial supplements (concrete, plastic, fiber)
• Vegetation (bio-engineering)

2. Forcing Functions:  Hydraulic Force Reductions
• Watershed hydrology (retention, LID)
• Shear stress (depth, slope):  FLOODPLAIN
• Sediment supply (stream power)



Reducing Risk:  
Boundary Conditions
Soil Strengthening:
• Wood Toe Revetment,
• Matting
• Vegetation



Reducing Risk:  
Forcing Functions

Hydraulic Force 
Reductions:
• Watershed hydrology 

(retention, LID)
• Shear stress (depth, 

slope):  FLOODPLAIN
• Sediment supply 

(stream power)

When in Doubt, 
Spread it Out!



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



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



1. Site Preparation

2. Grading

3. Site Stabilization

Construction of Stream 
Restoration Projects



Best Construction Practices

• Track equipment

• Spill management plan

• Staged construction phases to limit exposure



Erosion & Sediment Control Plan



• Construction entrance

• Silt fence

• Staging & stockpile

• Temporary crossings

• Stream flow diversion

1. Site Preparation



Silt Fence
• Metal Posts 8 feet apart
• Reinforcing wire backing (14 ga. w/ 6‐inch mesh)
• Bury fence at least 8 inches deep



Staging and Stockpile



Stockpile Area

Silt fence & 
seeding



Temporary Stream Crossing

• Rock ford
• Culvert
• Portable 
log mat



Pump Around:  Match pump to 2 x base flow



Check dam to 
retain base flow

Quiet pump in 
residential area



Special Stilling Basin:  Filter Bag



1. Stage project to limit exposed areas

2. Use temporary ground cover

3. Use track equipment if possible

4. Keep stormwater runoff away from site

2. Grading



Clearing & Grubbing
Followed by Survey Stakeout



Organized Staging Areas



Laser Level for Grade Check



3. Site Stabilization

• Temporary ground cover (mulch & matting)
• Permanent ground cover (vegetation)
• Prepare for rain!



Temporary Erosion Control

• Soil prep, seed, straw

• Biodegradable matting (coir, 700g)

• Wood stakes



Straw Mulch:  75% cover (2 tons/acre)



Matting

• Biodegradable (coir, jute, excelsior, straw)
• Seed and straw UNDER matting
• Keep matting relaxed
• Stakes: wood or biodegradable plastic





No Plastic!



Each Day:
Seed, straw, 
matting



Temporary Erosion 
Control Matting (coir 
700g)

Seed and straw under

November, 2015

January, 2016



Large stakes at toe of slope



Successful Ecosystem Restoration 

• Achieve ecological objectives
• Self-sustaining ecosystem
• Model for future projects
• Build public enthusiasm

Thank you,
Greg Jennings
greg@jenningsenv.com

Rocky Branch, NC State University



Beeson Creek Restoration
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, Jonathan Hinkle, 
Jason Zink, David Penrose



Project Partners
Town of Kernersville, NC
NC Clean Water Management Trust Fund
NC State University
NC Cooperative Extension Service
NC Division of Water Resources
US Army Corps of Engineers
Penrose Environmental
LDSI
North State Environmental
Jennings Environmental



Stream Problems

1. Streambank erosion
2. Poor riparian buffer
3. Incised, headcutting channel with poor habitat
4. Stormwater runoff



Feasibility Study:  2016
7 Stream Reaches totaling 8,000 feet



Beeson Creek Watershed, Kernersville, NC:  2002



Beeson Creek Watershed, Kernersville, NC:  2018



Stream Reach 4
• 1,950 feet located mostly on Town property
• 0.33 square mile drainage area (42% developed)
• Channel incision 6 to 10 feet
• Available space for Priority 1 Floodplain Connection
• Grant from NC Clean Water Management Trust Fund



Project Objectives
1. Improve water quality by reducing sediment
2. Improve aquatic and terrestrial habitats
3. Provide educational and recreational opportunities



















• Realign 1,950 ft channel and connect to floodplain
• In-stream habitat structures
• Native riparian vegetation


