Streams are ecosystems

« Communities of organisms and their physical,
chemical, and biological environments
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Why Restoration?

* Water quality impairments
* Habitat loss

« Ecosystem degradation

e Land loss

« Safety concerns

¢ Infrastructure damage

¢ Flooding

e Aesthetics

Stream Insults
e Straightening & dredging
e Floodplain filling
* Watershed manipulation
* Sedimentation & stormwater
« Pollution discharges
« Utilities & culverts
e Buffer removal
¢ Disdain & neglect




Ecosystem Restoration

Activities that initiate or accelerate the
recovery of ecosystem health, integrity, and
sustainability (SER, 2004).

Outcomes of Ecosystem Restoration
Habitats
Water quality
Natural flow regimes

Recreation & aesthetics

Restoration Components
1. Channel morphology &
floodplain connection
2. In-stream structures
Streambank bioengineering

4. Riparian buffers & habitat
enhancements

5. Stream crossings

6. Stormwater/watershed
management

7. Monitoring & maintenance
8. Public access & education

Standards for ecologically successful river restoration
Palmer et al., Journal of Applied Ecology, 2005, 42, 208-217

1. the design of an ecological river restoration project should be
based on a specified guiding image of a more dynamic, healthy
river that could exist at the site

2. the river’s ecological condition must be measurably improved

3. the river system must be more self-sustaining and resilient to
external perturbations so that only minimal follow-up
maintenance is needed

4. during the construction phase, no lasting harm should be inflicted
on the ecosystem

5. both pre- and post-assessment must be completed and data
made publicly available

What NOT to do:
 Ignore habitat

* Ignore stream processes

¢ Prevent natural adjustment
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Natural Stream Channel Stability
(from Leopold)

¢ River has a stable dimension, pattern and profile
« Maintains channel features (riffles, pools, steps)
« Does not aggrade (fills) or degrade (erodes)

Bankfull Stage: water fills the active channel and
begins to spread onto the floodplain

Stream Corridor Restoration: Principles, Processis] Practices.
1998. Federal Interagency Stream Restoration WeyiGroup.

Town Creek Tributary

1. Channel Morphology & Floodplain

Connection 2008

Priority 1. Raise channel to existing valley and
construct new meandering channel

Town Creek Tributary 2008

Priority 1. Raise channel to existing valley and S. Fork Mitchell River

construct new meandering channel

S. Fork Mitchell River 2005




Worley Creek
Watauga Co, NC
Priority 1

Former stream alignment

Purlear Creek
Trib: 7% slope
Wilkes Co, NC

Yates Mill Creek

Tributary
Wake Co, NC
Priority 1
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Priority 2. Excavate lower floodplain and construct
new meandering channel

Cary Walnut Creek Tributary 2008

Priority 2. Excavate lower floodplain and construct
new meandering channel

Hewletts Creek Trib:
Wilmington, NC

Golf Course

Priority 2

NCSU Rocky Branch

T.S. Fay 27Aug08




Little Garvin Creek
Clemson, SC
Piedmont Rural

September 2003

NCSU Rocky Branch

2008

Priority 3. Excavate floodplain benches and add

2000

structures to maintain straight channel

NCSU Rocky Branch 2001

In-stream Structures (rocks & logs)

Grade control
Streambank protection
Habitat enhancement

Newland N Toe R Asheville Swannanoa R




Vanes for flow
direction and
grade control

Boulder vanes
and step pools

Habitat Enhancements

* Food sources
e Cover

e Scour pools

* Flow diversity

Log Vanes
for scour pools &
bank protection

Maintenance

Purlear Creek:
Cattle impacts




Successful Structures

* Properly designed and located
* Low profile

« Constructed to withstand stress
« Excellent vegetation

3. Streambank Bioengineering
Integrating living woody and herbaceous

materials to increase strength and structure of the
soil (i.e. increase critical shear)

Newland N Toe R NCSU Rocky Branch

Newland Kentucky Creek

Streambank
Bioengineering

Successful Matting

« Biodegradable (coir, jute, excelsior)
» Seed and mulch under matting

» Wooden stakes (long stakes at toe)
 Key at top of bank

* Keep matting relaxed

No Plastic!




Seed & mulch
UNDER matting

Problems:
Poor staking
High shear
Overland flow

Root
Wads

Temporary
Non-living
Revetment

Root Wads
Temporary streambank
protection
Absorb streamflow energy
Enhance habitat

Use with transplants or
adjacent to mature vegetation

Placement should be at the
toe of the bank and facing into
stream velocity vectors

May result in eddy scour




Root Wads
with Brush
Layer

Live cuttings
in dormant
season

Brush
Mattress
Bank armoring
where hand labor
makes sense
Cover with
soil, straw,
and wire

Kentucky Creek
Newland, NC

April, 2004
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Vegetative
Geolifts

2006

Cane Creek
Fletcher, NC

11



2007

Successful Streambank Stabilization

* Low streambanks

» Dense vegetation

e Temporary biodegradable matting

* Bioengineering in high-stress areas
« Proper channel morphology

H

Riparian Buffers (Streamside Forest)

Temporary ground covers
Permanent grasses
Wetland plants

Shrubs and trees
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Mulch
> 75% cover
2 tons/ac

B

Permanent Grass Cover

Wheat or Rye
Temporary
Nurse Crop

Root
depth
matters

Live Stakes
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2007

Transplants

Bare Root
Seedlings
1996
2005 2005
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Container Plants

Successful Vegetation

* Natives only

¢ Quality plants

« Installed correctly

» Watered and fertilized if needed

5. Stormwater Management

« Energy dissipation

* Floodplain retention

* Channel protection

* Water quality treatment

Stormwater
retention and
treatment

Pollution Prevention

» Cattle exclusion
« lllicit discharge removal
* Runoff treatment
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Agricultural best
management
practices ( BMPs)

“Passive Restoration”

o

Stream Crossings

Aquatic organism passage
Minimize geomorphic impacts
Pass flood flows

Rocky Branch
Arch Culvert

7. Monitoring & Maintenance

* Projects are most vulnerable early

« Natural adjustments to hydrologic & habitat
conditions

o

Public Access & Education

Greenways & paths
Signs
Events
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Charlotte-Mecklenburg: Little Sugar Creek
www.charmeck.org/Departments/StormW ater/Projects

Before

Seoul, Korea
Cheonggye
stream

After

Fac. of Environment & Life Sciences, Seoul Women's  University

Fac. of Environment & Life Sciences, Seoul Women's  University

Fac. of Environment & Life Sciences, Seoul Women's  University
Fac. of Environment & Life Sciences, Seoul Women's  University
Fac. of Environment & Life Sciences, Seoul Women's  University
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