
High Gradient Stream Restoration
Applying restoration techniques to a steeply sloped stream

Michael B. Shaffer, NCSU BAE, Tom Gerow, NC Div. Forest Resources NPS Unit

Design Constraints

• Using a 0.5 feet drop at each structure, needed over 35 structures!  
• Valley overgrown with Microstegium vimineum.
• Work to occur in July and August.

Design Solutions

• Priority One channel relocation.
• Work in the dry as much as possible.
• Use a pump around to allow stone to be extracted from existing 

channel and reused.
• Used 24 double drop log vanes with deep pools to dissipate 

energy and hold channel grade.
• One stone cross vane and one log cross vane.
• Steep riffles stabilized with sills and boulders
• Bankfull Cross sectional area 27 square feet.  Riffle Depth 1.2 

feet
• Culvert bottom was buried to allow fish passage.
• Add additional large woody debris for habitat.

• Reconnect stream to its floodplain to stop downcutting
• Re-establish pre-disturbance ground water levels.
• Recreate original step pool configuration and alignment.
• Reduce embeddedness in riffles.
• Use materials obtained onsite.
• Minimal impact to property and vegetation
• Improve water quality and habitat for trout.

Project Goals

How will we know if it works?

• Annual monitoring with comprehensive 3D surveys and photo points
• Annual aquatic benthos surveys
• Permanent vegetation plots assessed annually
• Rainfall, stream velocity and flow volume are continuously recorded.  
• All bankfull and higher events are sampled and tested for Total 

Solids, Total Suspended Solids and Turbidity.
• Summer water temperatures monitored

Want more information?

Michael Shaffer…………………Mike_Shaffer@ncsu.edu………………………….336-312-8786
NCSU Campus Box 7625, Raleigh, NC 27509-7625

Vegetation Plan

• Transplant all possible plants (over 200 were relocated). 
• Irrigation used to improve transplant survival.
• Only transplanted shrubs, ferns, and trees were used to stabilize 

channel banks. 
• The 38 large trees removed during construction will each be 

replaced by a 1-3 gal container tree transplant this winter.
• Approximately 100 additional smaller trees to be planted this winter 

as well as additional streamside vegetation.

Project Size

• 730 foot reach with an overall slope of 5.4% 
• Channelized approximately 40 years ago.
• Stream was very incised, 4-6 feet to top of bank. 
• 0.5 square mile watershed, fully forested.
• Stream was heavily embedded with fine sediment.
• Valley is heavily wooded. 
• Existing channel banks were well covered with shrubs and ferns.
• No pools along the entire reach.

Biological & 

Agricultural Engineering
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NC Division of Forest Resources 
Forestry Nonpoint Source Unit

Rendezvous Mountain Educational 
State Forest, Wilkes County

www.dfr.state.nc.us
www.ncesf.org
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Prepared by:  Tom Gerow, Jr. - BMP Forester, NCDFR Forestry NPS Unit. 8/22/06
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…& After

Before...

During….
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The old channel was 
straight & level...

…but the new 
channel is curvy 
(sinuous) and 
bumpy (step-pool).
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A dis-connected floodplain...

…is re-connected!

The old channel was deeply 
incised… The new channel is 
situated within the true 
floodplain contours.

6’ to 8’

16” to 24”
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Breaking new ground...

…A new 
stream 
channel 
results!

The new channel is 
extended via a ‘big bend’
through the former pasture.

Clearing the way…
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We sought 
out for 
‘greener 
pastures’
with the 
new 
channel...
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Before... …& After

Culvert too 
small & 
perched
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11:58 AM - Still dry

13:23 PM10:51 AM

13:22 PM - We have H2O!

How long 
does it take 
to re-charge 
the system...

…and 
actually 
make 
your new 
‘stream’
wet ?!



Let’s look at the big picture… (downstream view)

Spoil pile / 
berm from 
channelization
of old stream.

Old stream 
channel, 
incised & dis-
connected from 
floodplain.

Right bank of old 
channel. Note the 
dramatic increase of 
elevation from the old 
streambed and new bed.

New channel, with 
transplanted vegetation 
along left bank.
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Rendezvous Mountain
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2007 MONITORING - AS BUILT

Aug 29th 2007 GPS Survey

By: MJG and MS



Phase 1 Culvert before replacement

Phase 1 Culvert after replacement Placing cobble as part of a riffle

Mining cobble from  the old channel



Phase 1 Upper Stream Before

Phase 1 Upper Stream After Phase 1 Wetland After

Phase 1 Wetland Before



Phase 1 Before

Phase 1 After Phase 1 After

Phase 1 Before



Phase 1 with Mined and transplants Phase 1 First flow



Phase 1 old channel Phase 1 restored channel



Phase 1 old channel Phase 1 restored channel



Phase 2 Upper Priority 1 Reach  before

Phase 2 Upper Priority 1 Reach after Phase 2 completed log vane

Phase 2 constructing a log vane



Phase 2 Upper Priority 1 Reach  before

Phase 2 Upper Priority 1 Reach after Phase 2 connecting tributary after construction

Phase 2 connecting tributary  under construction



Phase 2 Priority 1 Reach  before (no pools)

Phase 2 Priority 1 Reach after Phase 2 Priority 1 Reach after

Phase 2 Priority 1 Reach  before



Phase 2 Priority 1 Reach  before

Phase 2 Priority 1 Reach after Phase 2 Priority 1 Reach after

Phase 2 Priority 1 Reach  before



Phase 2 Priority 2 Reach  before

Phase 2 Priority 2 Reach after Phase 2 Priority 2 Reach after

Phase 2 Priority 2 Reach  before



Phase 2 Manually watering transplants

Phase 2 Auto watering transplants Phase 2 Completed Log Vane

Phase 2 Log Vane Construction



Phase 2 GPS Base Station Phase 2 GPS Rover 



Phase 2 GPS on excavator

Geo textile backing on the vanes Phase 2 planting vegetation

Installing the bank matting (the hardest part!)



Everyone enjoyed the water! All creatures, both great

and small! A beautiful scene
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