Lessons learned from Clarksburg, Maryland

Impacts of suburban development and distributed
stormwater control on stream functions
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Objectives

What happens to stream health when agricultural land is converted to
suburban development with distributed stormwater infrastructure practices
iIncorporated into the design of the neighborhood.

Centralized stormwater Distributed stormwater
management management
A few, large practices Many, smaller practices
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Objectives

How does the use of distributed stormwater facilities on a watershed scale affect

Hydrology Water Quality Topography
Peak flows Nutrients Elevation change Community
Runoff volumes Specific drainage

Baseflow conductance
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100% of impervious surfaces are treated

33% impervious 44% impervious
Dry wells 91% single family detached 50% detached, 50% townhouse

infiltration 105 practlces/km2 274 practlces/km2
detention By s _ ‘ AN Tree boxes and

swales M infiltration
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Stormwater practices arranged In treatment trains
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How does the use of distributed stormwater facilities on a watershed scale affect

Hydrology

Distributed stormwater management can
reduce runoff yields and peak flows
compared with centralized stormwater

management
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How much rain falls before a flow response?

6. 66,
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https://doi.org/10.1002/hyp.13593

What happens to runoff yield at the street scale?
More runoff from the curb and gutter neighborhood
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https://www.journals.uchicago.edu/doi/10.1086/719360

What happens to runoff yield at the watershed scale?
More runoff from centralized urban control and Treatment 2

Watershed-scale
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After Development in Treatment 1 and 2
Peak flows were attenuated for small precipitation events (< 10mm)

Event Precipitation Depth
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After Development in Treatment 1 and 2
Peak flows were 2-3 higher In treatments than forested site (11-20 mm)

Event Precipitation Depth
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Streamflow changes in Treatment 2
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Baseflow increased during the construction phase of
suburban development
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Can distributed stormwater control
maintain hydrologic function?

Can attenuate peak flows and runoff volumes, but storage capacity matters.
Large rain events not adequately controlled in any of the urban sites.
Baseflow may increase during construction and remain elevated.
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How does the use of distributed stormwater facilities on a watershed scale affect

Water Quality — Baseflow Nitrate
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https://pubs.er.usgs.gov/publication/cir1486

Baseflow nitrate concentrations

Nitrate concentration declined but remain elevated

Construction
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Baseflow nitrate concentrations

« Overall export remained about the same due to increased baseflow

« Declines in concentration may be related to removal of agriculture
solls and reduction in fertilizer inputs
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Rising specific conductance trends in all three treatment
watersheds likely driven by imperious cover
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https://www.journals.uchicago.edu/doi/10.1086/719360

Can distributed stormwater control
maintain water quality?

It can reduce nitrate concentrations, but concentrations remain high due to ag past.
It can increase ion loads, because of more impervious cover and winter salting.




How does the use of distributed stormwater facilities on a watershed scale affect
Topography and drainage patterns
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Most topographic change occurred
during the construction phase,
with substantial excavation and fill
across the entire watershed and |
deposition within the riparian areas. |
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Large and excavation. Flatten ridgetops and fill valleys

A Treatment 1 B Treatment 2 Watershed

Forested Treatment 1 Treatment 2

60

Excavation
Fill

w
o

Buried
headwater /8

Elevation Change (cm)
o

W
o

Elevation Change

2002 to 2018
M Ooto-1m
> -1m
lt [L_INo Change -60
. El<1m - - v
0.5 P O D P O B X O ®
. Jkm o S &S TSP S S
m Riparian Buffer NS N2 I NS
S A S
Timeframe

= USGS

e st Hopkins et al. 2022 Freshwater Science



https://www.journals.uchicago.edu/doi/10.1086/719360

Channels were incised prior to development
Streambanks continue to erode
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Substantial bank erosion at many cross sections
regardless of site
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How does the use of distributed stormwater facilities on a watershed scale affect

Benthic community

Benthic Index of Biotic Integrity

Benthic
Community foss
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Forested site remains in
g PR AT SRR AR SR A excellent to good condition

Benthic Index of Biotic Integrity Score
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Benthic Index of Biotic Integrity Score
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Dominated by a single tolerant family
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| essons learned

Distributed stormwater management,

Can attenuate peak flows and runoff volumes, but storage capacity matters.
Can improve water quality for some, but not all constituents (e.g., salt).
Can reduce impacts to biota, but sensitive families may not recover.




| essons learned

Construction phase is important,

Baseflow increased during construction

Substantial excavation and fill across the entire watershed during construction
Deposition in riparian areas during construction




| essons learned

Summary

* Long-term datasets are valuable
* Need to assess multiple stressors to understand suite of impacts on biota
 Distributed stormwater control can accomplish some goals, but not all

Find the science summary HERE.

Krissy Hopkins, khopkins@usgs.gov



https://www.usgs.gov/centers/chesapeake-bay-activities/science/unique-20-year-study-assesses-ecosystem-response

