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Why do we manage storm water runoff ?

• Historically—
• Flood Control
• Narrative
• Presumptive Approach
• “Design Storms”

• No Consideration
• Water Quality
• Channel Protection
• Stream Integrity

• Ecological
• Hydrological
• Geomorphological

***Storm water runoff often considered one of the most 
serious threats to the integrity of our rivers and streams!



Why?

• Impacts of flow alteration well 
established

• Changes to flow regime (Poff et 
al, 1997) (>7700 citations)

• Urban Stream Syndrome (Walsh 
et al, 2005) (>3000 citations)

• Stream Function Pyramid 
(Harman et al, 2012)

• (~100 citations as EPA guidance)
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Restoring Stream Integrity

Hydrology

Hydraulics

Physicochemical

Geomorphology

Biological

Storm Water Controls 

Stream Function Pyramid (Harman et al, 2012)

Bledsoe (2002) 



• ~75 sites:
• Water Quality
• Biology
• Physical Habitat
• Stream Stability 

(Hydromod)

Stream Assessment Program



Baselines….

SI = -1.41ln(Imp) + 1.99
R² = 0.30
p = 0.03

0

2

4

6

8

10

1% 10% 100%

St
ab

ili
ty

 In
de

x
(C

al
ib

ra
ti

on
 S

it
es

)

Watershed Imperviousness 0 10 20 30 40
PERC_IMP

10

20

30

40

50

60

70

M
BI

P<0.0
1



Baselines….(cont)

Community Structure Changes



Analysis of the 2-yr, 2-hr storm from Fort Collins, CO by Bledsoe (2002), 
Journal of Water Resources Planning and Management

Critical Flow 
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Biological Relevance of Qcritical

Adapted from Hawley et al. 
(Accepted, Freshwater Science)

-Impacts in index scores, EPT and overall richness 



Case Study!
Hydrologic Restoration Example

Detention Basin Retrofit



Study Area

Spur

Upstream

Inflow1Inflow2

Outflow

Site Rain Gage

Downstream

NWS Rain Gage < 1 mile
(Airport)

Hawley et al. (2017)



Detention Basin Retrofit

Simple change to the outlet 
control structure



Detention Basin Retrofit

Post‐installation Monitoring

Peak Inflow > 20 ft3/s
Total Precip = 1.3 inches

Peak Intensity = 2.60 in/hr

Peak Outflow < 4 ft3/s

Hawley et al. (2017)
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 Improved Bank Stability & Habitat 
in Spur 

8/26/13 Looking upstream 7/8/19 Looking upstream

Bench development at toe 
of formerly eroding bank

Wood retention and increasing channel complexity 
(beginning to establish meandering low‐flow channel)

Eroding banks and 
channel widening



Bench development at toe 
of formerly eroding bank

Tree with formerly exposed roots

7/8/19 Looking downstream4/29/13 Looking downstream

Eroding banks and 
channel widening

Tree with 
exposed roots

 Improved Bank Stability & Habitat 
Downstream



Restoration of Baseflows Supports Ecological 
“Lift”

~Dozen native minnows in 1st pool 
immediately downstream of the 
outfall on 9/16/16 (2 circled).  
Flow was evident coming out of 
the basin despite the dry/hot 
week

Hydraulics

Physicochemical

Geomorphology

Biological

Hydrologic



8/26/13 Looking downstream 7/8/19 Looking downstream

Worsening Stability & Habitat 
Upstream (Control Site)

Increasing bank erosion 
and channel widening

Vegetated 
bench



Channel Evolution Sequence in 
Response to Increased Flows 
from Urbanization, Adapted 

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

RBP 109 (Poor) 4/29/134/15/13 RBP 113 (Poor)

Downstream SiteSpur Site

RBP 146 (Avg) 11/5/1911/5/19 RBP 143 (Avg)

Habitat Recovery



Scaling Up to Larger Watersheds



Case Study: Riffle 
Restoration and 
asset protection







9/25/2019                  RBP 104 (Poor); MBI – 57.66 Fair7/13/2018 RBP 87 (Poor); MBI 53.41 Fair

8/18/2020 RBP 146 (Good) ; MBI 62.3 Good

9/25/2019

Habitat Recovery
January 2018

November 2018

November 2019

November 2020
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Success Story #1
• US Army Corps invitation to 

proceed
• One of first Urban Stream in KY

• Founded in Hydrologic 
Restoration

• Stormwater management
• Calibrated restoration approach
• Demonstrated Ecological Lift
• Restore stream integrity



Urban Stream Challenges

USGS regional equation 2y: ~1,700 cfs

Site specific equation 2y: ~3,350 cfs
(12 year data record)



Erosion Rates

Adapted from Hawley et al. (2020)

-48 sites in analysis
-Urban sites ~25% wider









Success Story #2: Gunpowder Creek TMDL Alternative
• Boone County Conservation District 

and SD1 developed a Primary 
Contract Recreation (PCR) 
Supplement 

• Submitted the Watershed Plan and 
PCR Supplement to Kentucky Division 
of Water and EPA Region 4 – Oct 2017

• Kentucky Division of Water approval 
and EPA R4 acceptance of the plans 
as a TMDL Alternative – Feb 2018 

• TMDL Alternative covers both PCR 
and Aquatic Life 303(d) listed 
segments



Success Story #3



-Comprehensive Planning
-Restoration
-Retrofits
-Wetland Construction
-Land Preservation
-Monitoring
-Collaboration



Wrapping up

• Comprehensive Monitoring 
Program

• Identified Management Targets
• Inform Decision Making
• Updated Rules and Regulations
• Updating Existing Facilities
• Mitigation Banking Expansion
• Stream De-listing
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Thank you!

Discussion?

Matt Wooten
Aquatic Biologist
mwooten@sd1.org
859-578-6887
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