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Stream Restoration Industry
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“Restored” Preserved
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Floodplain Erosion



Chute cutoffs
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Chute Cutoffs
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Grade Control Flanking
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Inadequate Armor 



Even “Easy” 
Settings Can Be 

Prone to Failures

Adapted from Hawley (2018) 
BioScience

Preservation
Stable, reference-like features

Re-establishment
Chute cutoffs, channel enlargement



HELP!



Let’s Get It Right



Stable:
resistance α erosion

Qs, d50, W
bank strength…

Q, S, D…

Lane’s (1955) balance

Stream Geomorphology 101:
Tendency Toward Equilibrium

Resistance α Erosion
Sediment Supply in Balance 

with Water Supply and Slope



Lane’s (1955) Balance



Lane’s (1955) Balance

sediment supply (Qs) 
sediment size (d50)

bankfull width (W)
floodplain width

grade control
bank strength
vegetation  …

discharge (Q)
slope (S)

bankfull depth (y)
floodplain depth
valley slope  …

Resistance        α Erosion 

Adapted from Hawley (2018) 
BioScience



Common Practice

• Dimension

• Pattern

• Profile

Bankfull width

BF Area

Regional Curves

Rosgen Stream Type

Grade Control



Regional Curve Approaches typically 
Do Not Fully Account for Lane’s Balance

Adapted from Hawley 

(2018) BioScience



Regional Curve Approaches typically 
Do Not Fully Account for Lane’s Balance

Sediment Supply Reach 
Coarse bed material, low mobility

Constructed Reach
Fine bed material, high mobility



Regional Curves often Mask 
Considerable Scatter across Reference Sites

All Sites
A = 7.08 DA0.88

R² = 0.66Sites ≤ 0.1%
A = 4.56 DA0.94

R² = 0.75
10

100

1000

40 50 60 70 80 90

Ba
nk

fu
ll 

Ar
ea

 (f
t2 )

Drainage Area (mi2)

All Ref Sites > ~45 mi2
Sites <= 0.1% slope
All Ref Sites > ~45 mi2
Sites ≤ 0.1% slope

All Sites
W = 8.67 DA0.49

R² = 0.48Sites ≤ 0.1%
W = 4.06 DA0.62

R² = 0.75
10

100

40 50 60 70 80 90

Ba
nk

fu
ll 

W
id

th
 (f

t)

Drainage Area (mi2)

Series1
Sites <= 0.1% slope
All Ref Sites > ~45 mi2
Sites ≤ 0.1% slope

Piedmont and Coastal Plain reference stream data 
draining large watersheds (> ~45 mi2)



Too Small of a Channel in a Moderately Steep Valley 
 Floodplain Erosion

Sv ~1%

Sv ~0.5%

Floodplain
Shear Stress

Floodplain
Depth

1 psf ~ 1.5 ft

2 psf ~ 3 ft

Floodplain
Shear Stress

Floodplain
Depth

1 psf ~ 3 ft

2 psf ~ 6 ft

HEC-18 (USDOT, 1988) 

Good stand, unmowed native 
midwest grasses (little bluestem, 
bluestem, etc.)



Bench/Floodplain Shear Stress Increases with Slope

100

102

104

106

108

110

112

-500 -450 -400 -350 -300 -250 -200 -150 -100 -50 0 50 100 150 200 250

Ve
rt

ic
al

 (f
t)

Horizontal (ft)

Flatter Slopes, Smaller Channel, Lower Bench

Stable @ 0.05%

Stable @ 0.1%

Stable @ 0.3%

WSE at 10,000 cfs



99

101

103

105

107

109

111

-500 -450 -400 -350 -300 -250 -200 -150 -100 -50 0 50 100 150 200 250

Ve
rt

ic
al

 (f
t)

Horizontal (ft)

Moderate Slopes, Medium Channel, Taller Bench

WSE at 10,000 cfs

Bench/Floodplain Shear Stress Increases with Slope
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Steeper Slopes Require Larger Channels for 
Bench/Floodplain Stability
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Common Practice

• Dimension

• Pattern

• Profile

Bankfull width

BF Area

Regional Curves

Rosgen Stream Type

Grade Control



“In every respect, the valley rules the stream” 
(Hynes 1975)



Aerial extents and photo reach

Rosgen “E” type channel
Sv ~0.8%

Sinuosity ~1.7
adapted from Hawley (2018)

Channel Pattern



Stable Channel Patterns Require Proportional 
Energy and Resistance

Adapted from Hawley 

(2018) BioScience



Common Practice

• Dimension

• Pattern

• Profile

Bankfull width

BF Area

Regional Curves

Rosgen Stream Type

Grade Control



Grade Control Must Actually Control the Grade

Adapted from Hawley 

(2018) BioScience



• Floodplain shear stress 
– less than ~1-2 psf

• Equilibrium pattern
– balanced energy & 

resistance through bends

• Account for ‘reference’ 
stream resistance 

• Adequate rock sizing/ 
grade control 

– e.g. Q100 + FS

• Sediment continuity
– i.e. Bledsoe et al. 2017

Geomorphic 
Principles



Sediment Continuity Approaches (such as “CSR” 
Tool) Can Fully Account for Lane’s Balance

(Bledsoe et al., 2017)



Simple Strategies to Help 
Balance Resistance & Erosion

Adapted from Hawley 

(2018) BioScience



Simple Strategies to Help 
Balance Resistance & Erosion
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Simple Strategies to Help 
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Simple Strategies to Help 
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Simple Strategies to Help 
Balance Resistance & Erosion
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Simple Strategies to Help 
Balance Resistance & Erosion

Adapted from Hawley 

(2018) BioScience



“Streams not just as things in space but 
processes through time” 

(Bledsoe et al., 2008)



Adapted from Hawley 

(2018) BioScience



Reduce in-stream erosion by creating 
storage in a disconnected floodplain

Bankfull Wetlands



Bankfull Wetlands



Bankfull Wetlands



Bankfull Wetlands



BEFORE

Hand-placed Wood Structures

Restore geomorphic/WQ processes 
without destroying canopy



AFTER

Hand-placed Wood Structures



~1 YEAR LATER

Hand-placed Wood Structures



Hand-placed Wood Structures



Ecological Rejuvenation along Highways

CONVENTIONAL DITCH

Reduce in-stream erosion and restore 
baseflows by creating habitat in 

highway right-of-ways



Ecological Rejuvenation along Highways

POST-CONSTRUCTION



Ecological Rejuvenation along Highways

STREAM/WETLAND COMPLEX



Ecological Rejuvenation along Highways

STREAM/WETLAND COMPLEX



Detention Basin Retrofits

CONVENTIONAL OUTLET

Reduce in-stream erosion and restore 
baseflows by restricting outlets

RESTRICTED OUTLET
WITH BYPASS



Adapted from Hawley et al. (2017)

Detention Basin 
Retrofits
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Detention Basin 
Retrofits
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Detention Basin 
Retrofits
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Detention Basin 
Retrofits
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Detention Basin 
Retrofits
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Detention Basin 
Retrofits
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Detention Basin 
Retrofits
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Detention Basin 
Retrofits



Adapted from Hawley et al. (2017)

Detention Basin 
Retrofits



Spur

Upstream

Inflow1Inflow2

Outflow

Site Rain Gage

Downstream

NWS Rain Gage < 1 mile
(Airport)

Adapted from Hawley et al. (2017)

Detention Basin Retrofits
Hydrologic Restoration
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Detention Basin Retrofits
Geomorphic Recovery

Adapted from Harman et al. (2012)



Hydraulics

Physicochemical

Geomorphology

Biological

Hydrologic

Detention Basin Retrofits
Ecological Lift

Adapted from Harman et al. (2012)



Stream Daylighting













Gray Alternative
• 1.2 Mile Tunnel (30 feet in diameter)
• Reduce overflows by 1 Billion gallons/year
• Store, Pump and Treat Combined Sewage
• $244 Million



Green Alternative
• 15 miles of new storm sewer
• Reduce overflow by 1 Billion gallons/year
• 3 miles of daylighted streams
• $122 Million (50% of the cost of Gray)









Redevelopment



Successfully Incorporating Socioeconomic Factors
 Greater Environmental Outcomes (i.e. Smith et al. 2016)

(Adapted from Harman et al., 2012)

Hydrologic

Hydraulics

Physicochemical

Geomorphology

Biological

Socioeconomics

Adapted from Hawley (2018)

Adapted from Harman et al. (2012)



Thank You!

bob.hawley@sustainablestreams.com





Resources



Bed Material Entrainment Threshold (Critical Discharge, Qc) 
Varies by Orders of Magnitude across Size Classes

Adapted from Hawley and Vietz 2016, Freshwater Science
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Qcritical Calibrated to Stream/Region



Simple Sediment Monitoring Cost-Effectively 
Supports  Equilibrium Design

Goose Creek

“Using a few transport samples to 
calibrate your transport estimate is the 
single most effective thing you can do 
to increase accuracy.”

– Wilcock et al., 2009

Tributary of Blue Spring Creek



Required Shear Stress for Sediment Transport

Goose Creek Data Show the Value in Calibrating 
Designs to the Specific Stream
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Designing Considering Only Rosgen’s Model Could Have Under-designed 
Goose Creek, Causing Sediment Aggradation and Instability





Tipping the Scales

sediment supply (Qs) 
sediment size (d50)

bankfull width (W)
floodplain width

grade control
bank strength
vegetation  …

discharge (Q)
slope (S)

bankfull depth (y)
floodplain depth
valley slope  …

Resistance        <<          Erosion 

+

+

-channelization

channelization

+

-floodplain encroachment

floodplain encroachment

+ urbanization & deforestation

-
-

riparian removal

-dams

-gravel mining



“Regional Curves”

• More Water = Bigger Channels (typically)



More Drainage Area = Larger Channels (typically)
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Hawley et al., (2013) Northern
Kentucky 1% Impervious

Sherwood and Huitger (2005)
USGS Ohio Bankfull Curves

Brockman et al. (2012) Regional
Curves for Outer Bluegrass of KY

Adapted from Smith et al. (2016, Freshwater Science)

W a Q0.5   (most environments; Knighton, 1998)

Q a DAb (USGS regional curves)

W a DA~0.5*b



More Water = Larger Channels
More Stormwater = Larger Urban Streams
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Undeveloped vs. Developed 
Watersheds

Middle Creek  (3.3 mi2)
Undeveloped (0.6% Impervious)

Owl Creek  (3.7 mi2)
Developing (9% Impervious)

Hydrologic

Hydraulics

Geomorphology

Biological

Physicochemical



Undeveloped vs. Developed 
Watersheds
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Channel Evolution Sequence in 
Response to Increased Flows 
from Urbanization, Adapted 

from Schumm et al. (1984) and 
Hawley et al. (2012)


