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Top Four Environmental Concerns

The top four concerns of
Americans are water-related.
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The Hydrologic Cycle
Streets and roads accelerate
the hydrologic cycle, causing
water pollution and flooding.
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Hydrologic Basis

P = R + I + ET – ΔS
Precipitation + Impervious Cover

= Stormwater Runoff
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From the Science of Hydrology

The quantity and quality of stormwater runoff is
directly proportional to the amount of impervious roof
and pavement area from roads and streets.
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City of Newark Impervious Coverage

Over 30% of the City
of Newark is covered
by impervious
roof/pavement.
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City of Newark Impervious Cover
by Land Use
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What’s Old Is New
“Architects have employed green street design
for centuries.”
• Greene Countrie Towne (William Penn 1682)
• Garden City (late 18th century)
• City Beautiful (early 20th century)
• Country Place Era (roaring ’20s)
• Greenbelt (1930s, Roosevelt’s New Deal)
• New Urbanism (21st century)
• Low-Impact Development
• Smart Growth
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300 BCE - Appian Way, Rome
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Quote from William Penn
“Let every house be placed…in the middle of its plat,
as to the breadthway of it, so that there may be ground
on each side for gardens or orchards, or fields, that it
may be a greene country towne, which will never be
burnt and always wholesome.”

William Penn, 30th of Sept., 1681, Philadelphia



INSTITUTE FOR PUBLIC ADMINISTRATION • COLLEGE OF EDUCATION & PUBLIC POLICY WWW.IPA.UDEL.EDU

18th Century Philadelphia
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Philadelphia,
Near Independence Hall
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Olmstead’s Riverside, Illinois, c. 1870
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Olmstead’s Riverside, Illinois, Today
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Riverside, Illinois
• Olmsted and Vaux designed in 1868
• 1600 acres total, 1000 acres as open space
• Shaded parkway and boulevards
• Preserved floodplain and parks
• Curved streets, following land contours
• Absence of perpendicular intersections
• Narrow streets, 18 ft.
• Minimize sidewalks
• F. L. Wright and J. Jensen built prairie-style

homes here that incorporated green principles.
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Olmstead’s Design Principles

• Walks/roads designed for positive drainage
• 600 ft. to open space from residence
• Transportation to city via railroad and parkway
• Separate walking paths from driving
• 100-ft. lot frontage
• 30-ft. minimum setback
• Visual access to open space
• Triangle parks
• Sunken roads
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Olmstead’s Riverside, Illinois, Today
Notice triangular parks and narrow 18-ft.-wide
roads.
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Olmstead’s Riverside, Illinois, Today
Notice triangular parks and narrow 18-ft.-wide
roads.
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University of Delaware Campus
Marian Coffin (1920s) drew landscape plans
during Country Place Era. UD campus a giant
city block.
Optimum
Pedestrian
floor/area
ratio = 0.75
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Greenbelt, Maryland, 1930s
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Greenbelt, Maryland, 1930s
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Typical Street Design Cross-section
Highway and street design manuals (DelDOT
typ.) require wide street cross-sections. These
show typical 48-ft. streets, 12-ft. lanes.
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Arden, Delaware, Built 1900
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Comparison of Road Widths
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Typical New Construction
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The Math of Street Impervious

• 32-ft. street = 168,960 ft2 = 18,773 yd2 = $187,730

• 24-ft. street = 126,720 ft2 = 14,080 yd2 = $140,800

• 18-ft. street = 95,040 ft2 = 10,560 yd2 = $105,560

Street pavement cost per mile
(2-in. asphalt @ $10/yd2)
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“Green Street” Techniques

“available to mitigate impervious impacts”

• 1. Rain Harvesting

• 2. Rain Gardens

• 3. Stormwater Planters

• 4. Permeable Paving

• 5. Green Roofs

Sources: Cities of Portland and Seattle and EPA
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Anatomy of a Green Street
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Examples
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Examples
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Examples
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1. Rain Harvesting
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Rain Barrel Connected to Downspout
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Examples
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Chicago
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Cisterns at CBF Headquarters

Photo: Chesapeake Bay Foundation
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Rain Spout

Dansko, West Grove, Pa.
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Cistern
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2. Rain Gardens

Rain Garden NTS
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Residential Rain Garden

Rain gardens can be planted and shaped
to fit the character of individual residences.
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Design
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Rain Garden
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Rain Garden
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UD Rain Garden Educational Signage



INSTITUTE FOR PUBLIC ADMINISTRATION • COLLEGE OF EDUCATION & PUBLIC POLICY WWW.IPA.UDEL.EDU

UD Rain Garden
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UD Rain Garden
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Rain Garden
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3. Stormwater Planters
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Stormwater Planters
Stormwater Planter NTS
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Stormwater Planters
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Street-side Application
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Street-side Application
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Street-side Application
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Example Swales

NDS
(grass-lined swale in ROW)

NDS
(vegetated swale in ROW)
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Example
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4. Permeable Paving

water infiltrates
through porous

gravel mat

pavers on a
porous base with
sand-filled joints

water passes
through void

spaces in
porous concrete
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Permeable Paving

Woodlawn Library
Wilmington, Del.
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Woodlawn Library, Wilmington, Del.
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Porous Asphalt

Pavers on a porous base NTS

Porous asphalt is a surface that is designed to
allow infiltration.  This material can be used for
vehicular or pedestrian areas.  Suppliers may
require a minimum order due to asphalt-
manufacturing limitations.
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Examples of Permeable Pavement

Permeable pavement sections surfaced with (left to
right) pervious concrete, permeable interlocking
concrete pavers with 12.9% open surface area (PICP1),
concrete grid pavers, and permeable interlocking
concrete pavers with 8.5% open surface area (PICP2).
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Parking Lot Cross-Section

measurements in meters



INSTITUTE FOR PUBLIC ADMINISTRATION • COLLEGE OF EDUCATION & PUBLIC POLICY WWW.IPA.UDEL.EDU

Brattebo and Booth, U. of Washington

Abstract
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Driveway Reduction

Driveway reduction NTS



INSTITUTE FOR PUBLIC ADMINISTRATION • COLLEGE OF EDUCATION & PUBLIC POLICY WWW.IPA.UDEL.EDU

Impervious Surface Reduction
This example shows the use of a porous gravel mat for

patios and porous pavement for the driveways as
strategies to reduce the impervious surface area.

“Hollywood Drive” with reduced length

porous concrete driveway
porous gravel mat patio
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5. Green Roof



INSTITUTE FOR PUBLIC ADMINISTRATION • COLLEGE OF EDUCATION & PUBLIC POLICY WWW.IPA.UDEL.EDU

Green Roof
Dansko
West Grove, Pa.
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Typical Daily Water Use
Outdoor watering used 38% of water in office buildings that
can be supplemented by green-streets techniques.

—
1%
3%

10%
14%

25%
—

23%
48%
38%

27%
1%

10%
19%

57%

9%
14%
10%

33%
10%

Daily Use
Potable indoor uses
• Showers
• Faucets
• Kitchen
• Other uses
Subtotal
Non-potable indoor uses
• Toilets/urinals
• Laundry
• Cooking
Subtotal
Outdoor uses

HotelsOffice Buildings
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Estimated Energy Consumption
for Water Treatment and Distribution

“The transport and treatment of water has high
energy demands, 1,450 kWh per MG of water.”

150
100

1,200
1,450

Energy Consumption
(kWh/MG)Activity

Supply and conveyance
Water treatment
Distribution
Total
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Carbon Dioxide Emissions from
Electric Power Generation

The carbon reductions associated with rainwater
harvesting are admittedly not on the order of magnitude
required to significantly impact climate change. However,
the connection between potable-water use and energy
demand is important to recognize in the broader context
of sustainable water management.

3,070 lbs.
2,775 lbs.
1,905 lbs.

CO2 Output / MG Water
Delivered (x 1,450kWh)Fuel Type

Coal 
Petroleum
Natural Gas

CO2 Output Rate
Lbs. CO2 / kWh

2.117
1.915
1.314
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American Clean Energy Act of 2009
(approved by House, pending in Senate)

• Changes the green economy

• Puts price on carbon

• Incentives for white roofs and pavement

• Investments in reforestation by power
companies to cool streets and buildings
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Sustainability
= People, Planet, Prosperity

= Equity, Environment, Economy

• Maintenance concerns of green streets?

• Why not stormwater fees to pay for O&M?

• Don’t we need a UD School of Architecture?

• Revamp DNREC as the Delaware Department
of Environmental Sustainability.


