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Mitigating Downstream Erosion –
the Role of Qcritical

A preventative approach 
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Survey
How Many of You Know or Work in Suburban Watersheds 

without Any Impaired Streams?

Post-developedPre-developed

Adapted from Hawley et al. 

(2016, Freshwater Science)



The Urban Stream 
Syndrome

(Walsh et al., 2005; Booth, 2005, etc.)



Stream Function Pyramid 
(Adapted from Harmon et al., 2012)

Hydrologic

Hydraulics

Physicochemical

Geomorphology

Biological

Stormwater Management



Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002), 

Journal of Water Resources Planning and Management

History of Stormwater Management



Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002), 

Journal of Water Resources Planning and Management

~Pre-1950





Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002), 

Journal of Water Resources Planning and Management

~1980-2000

Detention Basin
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Detention Basin

99% of Storms in 
Typical Year



0.3” in 1 hour 
2.2 mi2, 29% impervious



Insert Reference Site photo ~0.3 inches of 
rain

0.28” in 1 hour 

0.43” in 2 hours
1.8 mi2, 3% impervious 
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~2000-2015

Extended Detention Basin 
with Sediment Forebay
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~2000-2015

Extended Detention Basin 
with Sediment Forebay

Zone Where 
Channel Erosion 

Often Begins 



Introduction of Qcritical

The Critical Flow for Stream Bed Erosion

t > tc



Bed Material Transport & Incipient Motion
Video Courtesy of John Gaffney (2009) SAFL & NCED, U.Minn

http://www.youtube.com/watch?v=W9plc_diQQE

http://www.youtube.com/watch?v=W9plc_diQQE


~2000-2015

Extended Detention Basin 
with Sediment Forebay

Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002), 

Journal of Water Resources Planning and Management



~2000-2015

Extended Detention Basin 
with Sediment Forebay

Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002), 

Journal of Water Resources Planning and Management

Conventional Detention
(Peak Matching)

No Detention

Pre-Developed



Conventional Detention = More Erosion 
than Pre-Developed Conditions

Conventional Detention
(Peak Matching)

No DetentionPre-Developed



Excess Erosion of Streambed Can Lead to:

• Stream Deepening & Widening 

• Property & Tree Loss

• Water Quality Impacts

Channel Hardpoints

Original Streambed

Deepened and 
Widened Streambed



Increased Bed Erosion  Incision (Downcutting)



Incision  Taller Banks  Bank Failure



Bank Failure Widening



Large Amounts of Erosion Before Returning to 
Equilibrium

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



Erosion Can Migrate Up and Downstream and 
Last for Decades or Longer

Adapted from Hawley et al. (2012)

(natural bedrock or artificial grade control)
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Headcutting Flatter Slopes 
 Shorter Riffles & Longer Pools

S = 0.016(PRR)-0.50

R² = 0.54

Adj. R2 = 0.54

p < 0.001
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Pool/Riffle Ratio
n = 86.  Figure and trend includes all profile data surveyed over complete pool-riffle 
reaches.

Hawley et al. (2013)



Bank Instability  Fine Sediment Loads
Sediment Is a Leading Impairment of U.S. Waterways



Gunpowder Creek Watershed Case Study
(Northern Kentucky, USA)



2008

2012

94

95

96

97

98

99

25 30 35 40 45 50 55 60 65 70 75
El

ev
at

io
n

 (
ft

)
Station (ft)

7/17/2008

11/15/2012

SFG 5.3 - DS 
28% impervious 

Bank Erosion and 
Tree Loss



Monitoring Confirms Bank Erosion as a
Dominant Source of TSS

Site Name

Projected TSS 

Yield Due to 

Bank Erosion

Projected TSS Yield 

From Water Column 

Samples

Percent of 

Projected Load 

from Bank Erosion

(lb/mi2yr) (lb/mi2yr)

FWF 0.8 76,669 287,089 27%

GPC 7.5 420,123 106,375 395%

LOB 0.5 97,225 192,618 50%

RDR 1.1 148,349 73,749 201%

GPC 17.1 UNT (a) 0 2,203,207 0%

SFG 5.3 UNT 1,770,761 704,334 251%

(a)Bank erosion can be observed at locations throughout the un-named tributary (UNT); however, a log jam at the 
monitoring site induced sediment deposition and a corresponding bank erosion load of 0. By contrast, the measured bank 
erosion loads at all other monitoring sites is significant, and in some cases explains more than 100% of the corresponding 
TSS yields, which supports the treatment of the log jam at GPC 17.1UNT as an outlier.



SFG 5.3 – UNT 0.1
41% impervious 



Bed Coarsening and Habitat Homogenization 

SFG 5.3 – DS
29% impervious 



Conventional Storm Water Designs 
 Unstable Streams

Middle Creek  (3.3 mi2)
0.6% Impervious

Owl Creek  (3.7 mi2)
9% Impervious
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– Aquatic habitat

– Water quality

– Private property

– Infrastructure   

Unstable Streams 
Impact Resources and Waste $$$



Impacts to Public Infrastructure
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Future of Stormwater Management

Extended Detention Basin 
Optimized for Channel Protection



Consider All Storms > Qcritical
D

is
ch

ar
ge

Time

Qcritical
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Pleasant Run 50-year Simulation

Existing (no detention)

Pre-Developed
Qcritical = 20 cfs

Existing
Hours Exceeding Qcritical:                             
Existing (no detention)   275 hrs 
Pre-developed 25 hrs    
Excess                                250 hrs

(+ 1,000%)

Qcritical Design Target = “Safe Release Rate”

Adapted from Hawley et al. (2012)
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Proposed
Hours Exceeding Qcritical:                             
Qcritical detention                13 hrs 
Pre-developed 25 hrs    
Excess                                -12 hrs

(- 50%)

If Excess Volume Is Released Below Qcritical

No Excess Erosion or Biological Disturbance 

Adapted from Hawley et al. (2012)



Qcritical Varies by Stream Resistance

Sand

1 mm

Cobble

70 mm

Gravel

23 mm

Boulder

500 mm



Adapted from Hawley and Vietz (2016, Freshwater Science)

Resistance Increases with Particle Size and 
Decreases with Slope



Resistance Increases with Particle Size and 
Decreases with Slope

~0.4’

~0.03 lbs
~0.6 in

Adapted from Hawley and Vietz (2016, Freshwater Science)



Resistance Increases with Particle Size and 
Decreases with Slope

~0.4’

~1’

~0.3 lbs
~2 in~0.03 lbs

~0.6 in

Adapted from Hawley and Vietz (2016, Freshwater Science)



Resistance Increases with Particle Size and 
Decreases with Slope

~0.4’

~1’
~2.5’

~0.3 lbs
~2 in~0.03 lbs

~0.6 in

~3 lbs
~4 in

Adapted from Hawley and Vietz (2016, Freshwater Science)



Resistance Increases with Particle Size and 
Decreases with Slope

~0.4’

~1’
~2.5’

~5.6’

~30 lbs

~0.3 lbs
~2 in~0.03 lbs

~0.6 in

~3 lbs
~4 in

~9 in

Adapted from Hawley and Vietz (2016, Freshwater Science)



Qcritical Needs to Be Calibrated to 
Stream/Region



The Importance of Qcritical is even Evident 
at Reference Sites

Adapted from Hawley et al. 

(2016, Freshwater Science)



Qcritical Needs to Be Calibrated to 
Stream/Region

N.KY Management 
Value ~0.4Q2

Adapted from Hawley and Vietz (2016, Freshwater Science)



Regionally Calibrated Qcritical Values

• Santa Clara, CA = 10% of Q2

• San Diego, CA = 10, 30, or 50% of Q2
depending on channel susceptibility after Bledsoe et al. (2012)

• Northern KY ~ 40% of Q2



Stream-specific Requirements

• New York: Detailed geomorphic analysis 
required on projects > 50 acres with       
> 25% imperviousness

• San Diego, CA: Screening-level analysis 

required on all projects

• Northern KY: Recommended/required 
on facilities draining > 100 acres and on 
stormwater master planning efforts



Management Strategy
Cumulative Tons 

of Sediment 
Transport

% Diff. from Pre-
developed

Post-developed, No Control 1145%

Flood Control 290%

Flood Control & Water Quality 197%

Flood Control, Water Quality, 
& Channel Protection

-11%

Sediment Transport Modeling Used to 
Find Right Approach for a Stream Network

Adapted from Hawley et al. (In prep)



Can Lead to Simple Design Target 
Appropriate for Setting

In N. KY, Design Facilities Draining ≤ 100 acres to Release 2-yr 
Storm at a Peak Discharge ≤ 0.4 cfs/acre

Adapted from Hawley et al. (In review)



Outreach, Training, and Credit Policies all 
incorporated into Policy Role Out



Design 

Storm
Design Target

Comparison to 

Previous Approach

0.8 inches
Management of entire volume through approved storm water 

management facility (see Northern Kentucky BMP Manual)
No change

2-year Max discharge ≤ 0.4 cfs per acre of drainage area
Design target changed 

from Q2 to 0.4 cfs/acre

10-year Max discharge ≤ pre-developed 10-year peak discharge (Q10) No change

25-year Max discharge ≤ pre-developed 25-year peak discharge (Q25) No change

50-year Max discharge ≤ pre-developed 50-year peak discharge (Q50) No change

100-year Max discharge ≤ pre-developed 100-year peak discharge (Q100) No change

Typical Optimization Sequence: 

Flood Control Water Quality  Qcritical

Outreach, Training, and Credit Policies all 
incorporated into Policy Role Out



Find an Appropriate Approach for Your 
Community

1. Prevent Future Problems:
• Optimize Post Construction Rules & Regs to Protect Your Streams

2. Mitigate Existing Problems:
• Find Cost-effective Solutions to Mitigate Existing Impacts

Status 
Quo



Channel Evolution Sequence in 

Response to Increased Flows 

from Urbanization, Adapted 

from Schumm et al. (1984) and 

Hawley et al. (2012)



Conclusion

Successfully Managing 
Stream Stability:

• Protects Natural Resources

• Protects Infrastructure

• Protects Property

Hydrologic

Hydraulics

Physicochemical

Geomorphology

Biological

Stormwater Management

It all starts here



Photo by Mark Jacobs (Boone County Conservation District)

Questions?

bob.hawley@sustainablestreams.com

mailto:bob.hawley@sustainablestreams.com




Example 1
Bioretention Basin



Bioretention Basin



Bioretention Basin

• Step 1: Flood Control

• Post ≤ Pre for 2-, 10-, 25-, 50-, and 100-year events

• Step 2: Water Quality Requirements

• 0.8 inches of rainfall infiltrates through bioretention soil

• Step 3: Channel Protection/Qcritical

• Predevelopment 2-year Peak Flow: 17.89 cfs

• Qcritical = 0.4*Q2

• Qcritical = 0.4*17.89cfs = 7.16 cfs 



Non-optimized Bioretention Basin

Step Basin Type
Outlet 

Structure 
Optimized?

Basin
Footprint

Estimated 
Excavation

(SF) (CY)

1. Flood Control Only Traditional DB Yes 3,848 2,510

2. Flood/Water Quality Bioretention Yes 3,318 2,832

3. Flood/WQ/Qcritical Bioretention No 5,027 3,846

Poor Optimization from Flood Control and Water Quality Only
• ~50% larger footprint
• ~35% larger volume
• ~0.5 additional design hours



Optimized Bioretention Basin

Step Basin Type
Outlet 

Structure 
Optimized?

Basin
Footprint

Estimated 
Excavation

(SF) (CY)

1. Flood Control Only Traditional DB Yes 3,848 2,510

2. Flood/Water Quality Bioretention Yes 3,318 2,832

3. Flood/WQ/Qcritical Bioretention Yes 3,318 2,832

Good Optimization to Meet Qcritical

• 0% larger footprint
• 0% larger volume
• 2 additional design hours



Bioretention Basin

Optimization of Outlet Control Structure

Underdrain

Window

Window x 2

Top Grate

Window x 2

Non-Optimized

Underdrain

Window

Window

Top Grate

Window x 3

Multiple Iterations

Underdrain

Window

Window

Top Grate

Window x 2

Optimized…

Window

Window x 2



Example 2
Detention Basin Retrofit



Detention Basin Retrofits

Simple change to the outlet 
control structure



Detention Basin Retrofit

• Maintain Flood Control

• Include Channel Protection
• Qcritical = 0.4 * 51 cfs = 20.6 cfs

Post-retrofit outflow:

All design storms < pre-retrofit outflow

1-yr and 2-yr storms < Qcritical (20.6 cfs)

Adapted from Hawley et al. (In review)



Detention Basin Retrofit

Post-installation Monitoring
Total Precip = 1.3 inches

Peak Intensity = 2.60 in/hr
Outflow = 4 cfs

Adapted from Hawley et al. (In review)



Post-retrofit

Adapted from Hawley et al. (In review)



Post-retrofit

Adapted from Hawley et al. (In review)



Post-retrofit

Adapted from Hawley et al. (In review)



Post-retrofit

Adapted from Hawley et al. (In review)



Post-retrofit

Adapted from Hawley et al. (In review)



Post-retrofit

Adapted from Hawley et al. (In review)



Post-retrofit

Adapted from Hawley et al. (In review)



Post-retrofit

Adapted from Hawley et al. (In review)



Post-retrofit

Adapted from Hawley et al. (In review)



Example 3
Enhanced Swale



Enhanced Swale Cross Section

Adapted from:

Existing Grade
Roadway

Min. Slope to Meet 
Ex. Grade (Typ.)

Min. Slope to Meet 
Ex. Grade (Typ.)

4H:1V (Typ.)

4H:1V (Typ.)

Curb w/ Curb Cut 
to Allow Flow to 
Enter Swale 

Varied Width of Swale

Varied Depth of Swale



• Gravel

• Sized to resist erosion

• Steep slopes: rip rap

• Gentle slopes: gravels

• Other variations have included:

• Topsoil

• Vegetation

• Turf grass or natives depending on 
preference

Enhanced Swale Components
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+6% -1% +3%

Preliminary Costs



Example: Enhanced Swale Preliminary Results

Swale/
Roadway

Drainage 
Area

Pre
Q2

Qcritical

(44% Q2)
Post
Q2

Post Q2

Control
Swale 
Length

Bottom 
Width

Gravel 
Depth

Gravel 
Volume

acres cfs cfs cfs cfs ft ft ft CY
Veterans Way

1 0.35 0.81 0.36 1.10 0.31 213 14 2 70.7

2 0.46 0.84 0.37 1.48 0.33 132 14.25 5 111.84

3 0.80 1.30 0.57 2.67 0.52 541 10 3.1 198.8

4 0.19 0.31 0.14 0.64 0.14 54 27 3 51.8

North Bend Road

5 2.15 5.50 2.42 7.90 1.63 956 8.6 3.1 301.9

6 2.06 3.75 1.65 7.60 1.30 810 14 4.1 550.9

Burlington Pike

7 2.11 4.91 2.16 8.22 1.66 451 15 6.25 501.4

8 1.74 4.26 1.87 6.79 1.46 376 15.25 5 339.6

 Post ≤ Pre: 2-yr, 10-yr, 25-yr, 50-yr, 100-yr

 Water Quality Volume treated

 Qcritical controlled for 2-yr, 24-hr storm



Example 4
Extended Detention Basin



Extended Detention Basins



Qcritical = 0.4 * 17.89 cfs = 7.16 cfs

Example: Extended Detention

Event Method
Pre-development

Post-development
No Control

Post-development 
Flood Control & WQ

Post-development 
Flood, WQ, Qcritical

cfs cfs cfs cfs

WQ Event Rational 0.87 1.41 0.37 0.54

3-mo, 24-hr SCS Type II 2.56 13.67 0.32 0.42

6-mo, 24-hr SCS Type II 6.37 21.10 1.03 0.76

1-yr, 24-hr SCS Type II 11.76 29.85 5.99 3.53

2-yr, 24-hr SCS Type II 17.89 39.15 14.74 7.15

10-yr, 24-hr SCS Type II 36.59 64.71 33.67 32.94

25-yr, 24-hr SCS Type II 48.86 80.28 44.91 47.72

50-yr, 24-hr SCS Type II 58.97 92.70 52.08 56.10

100-yr, 24-hr SCS Type II 69.78 105.68 61.08 67.97

• Footprint Sizing:

• Flood control and WQ only = 10,903 SF

• Flood control, WQ, and Qcritical = 10,903 SF

• Additional Design Time for optimization: 45 minutes


