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Green Streets

Introduction

By design and function, urban areas are covered with impervious surfaces: roofs, roads, sidewalks, and
parking lots. Although all contribute to stormwater runoff, the effects and necessary mitigation of the
various types of surfaces can vary significantly. Of these, roads and travel surfaces present perhaps the
largest urban pollution sources and also one of the greatest opportunities for green infrastructure use.

The Federal Highway Administration (FHA) estimates that more than 20% of U.S. roads are in urban
areas.' Urban roads, along with sidewalks and parking lots, are estimated to constitute almost two-thirds
of the total impervious cover and contribute a similar ratio of runoff.> While a significant source of
runoff, roads are also a part of the infrastructure system, conveying stormwater along gutters to inlets and
the buried pipe network. Effective road drainage, translated as moving stormwater into the conveyance
system quickly, has been a design priority while opportunities for enhanced environmental management
have been overlooked especially in the urban environment.

Table 1. Examples of Stormwater Pollutants Typical of Roads.>*

Pollutant Source Effects
Trash Physical damage to aquatic animals and
B fish, release of poisonous substances

Sediment/solids Construction, unpaved areas Increased turbidity, increased transport of
soil bound pollutants, negative effects on
aquatic organisms reproduction and
function

Metals

¢ Copper ¢ Vehicle brake pads Toxic to aquatic organisms and can

e Zinc * Vehicle tires, motor oil accumulate in sediments and fish tissues

e Lead ¢ Vehicle emissions and engines

* Arsenic ¢ Vehicle emissions, brake linings,

automotive fluids

Organics associated Vehicle emissions, automotive fluids, Toxic to aquatic organisms

with petroleum (e.g., | gas stations

PAHs)

Nutrients Vehicle emissions, atmospheric Promotes eutrophication and depleted

deposition dissolved oxygen concentrations

The altered flow regime from traditional roadways, increased runoff volume, more frequent runoff events,
and high runoff peak flows, are damaging to the environment and a risk to property downstream. These
erosive flows in receiving streams will cause down cutting and channel shifting in some places and
excessive sedimentation in others. The unnatural flow regime destroys stream habitat and disrupts aquatic
systems.

Compounding the deliberate rapid conveyance of stormwater, roads also are prime collection sites for
pollutants. Because roads are a component of the stormwater conveyance system, are impacted by
atmospheric deposition, and exposed to vehicles, they collect a wide suite of pollutants and deliver them
into the conveyance system and ultimately receiving streams (See Table 1). The metals, combustion by-
products, and automotive fluids from vehicles can present a toxic mix that combines with the ubiquitous
nutrients, trash, and suspended solids.



While other impervious surfaces can be replaced, for

example using green roofs to decrease the amount of
impervious roof surface, for the most part, impervious . . ;

ds will. for some time to come. constitute a improved water quality and more livable
roads will, > communities, through the integration of stormwater

significant percentage of urban imperviousness treatment techniques which use natural processes
because of their current widespread existence. and landscaping.

Green Streets achieve multiple benefits, such as

Reducing road widths and other strategies to limit the amount of impervious surface are critical, but truly
addressing road runoff requires mitigating its effects.

Roads present many opportunities for green infrastructure application. One principle of green
infrastructure involves reducing and treating stormwater close to its source. Urban transportation right-of-
ways integrated with green techniques are often called “green streets”. Green streets provide a source
control for a main contributor of stormwater runoff and pollutant load. In addition, green infrastructure
approaches complement street facility upgrades, street aesthetic improvements, and urban tree canopy
efforts that also make use of the right-of-way and allow it to achieve multiple goals and benefits. Using
the right-of-way for treatment also links green with gray infrastructure by making use of the engineered
conveyance of roads and providing connections to conveyance systems when needed.

Green streets are beneficial for new road construction and retrofits. They can provide substantial
economic benefits when used in transportation applications. Billions of dollars are spent annually on road
construction and rehabilitation, with a large percentage focused on rehabilitation especially in urban
areas. Coordinating green infrastructure installation with broader transportation improvements can
significantly reduce the marginal cost of stormwater management by including it within larger
infrastructure improvements. Also, and not unimportantly, right-of-way installations allow for easy public
maintenance. A large municipal concern regarding green infrastructure use is maintenance; using roads
and right-of-ways as locations for green infrastructure not only addresses a significant pollutant source,
but also alleviates access and maintenance concerns by using public space.

In urban areas, roads present many opportunities for coordinated green infrastructure use. Some
municipalities are capitalizing on the benefits gained by introducing green infrastructure in transportation

applications. This course will evaluate programs and policies that have been used to successfully integrate
green infrastructure into roads and right-of-ways.

Green Street Designs

Green streets can incorporate a wide variety of design elements including street trees, permeable
pavements, bioretention, and swales. Although the design and appearance of green streets will vary, the
functional goals are the same: provide source control of stormwater, limit its transport and pollutant
conveyance to the collection system, restore predevelopment hydrology to the extent possible, and
provide environmentally enhanced roads. Successful application of green techniques will encourage soil
and vegetation contact and infiltration and retention of stormwater.

Alternative Street Designs (Street Widths)

A green street design begins before any BMPs are considered. When building a new street or streets, the
layout and street network must be planned to respect the existing hydrologic functions of the land
(preserve wetlands, buffers, high-permeability soils, etc.) and to minimize the impervious area. If
retrofitting or redeveloping a street, opportunities to eliminate unnecessary impervious area should be
explored.



Implementation Hurdles
Many urban and suburban streets, sized to meet Oregon State Code Granting Authority for Street
code requirements for emergency service Standards to Local Government

vehicles and provide a free flow of traffic, are

. . . ; ORS 92.044 - Local governments shall supersede and prevail
oversized for their typical everyday functions.

over any specifications and standards for roads and streets

The Uniform Fire Code requires that streets set forth in a uniform fire code adopted by the State Fire
have a minimum 20feel’ ofunobstructed Wldth, Marshal, a municipa/ fire department or a county flreflghtlng
a street with parking on both sides would agency.... Local governments shall consider the needs of the fire

department or fire-fighting agency when adopting the final
specifications and standards.

require a width of at least 34 feet. In addition to

stormwater concerns, wide streets have many
detrimental implications on neighborhood livability, traffic conditions, and pedestrian safety.’

In 1997, Oregon, which has adopted the
Uniform Fire Code, specifically granted
local government the authority to establish
alternative street design standards but
requires them to consult with fire
departments before standards are adopted.
Table 2 provides examples of alternative
street widths allowed in U.S. jurisdictions.’

Swales

Swales are vegetated open channels
designed to accept sheet flow runoff and
convey it in broad shallow flow. The intent

Figure 1. The street-side swale and adjacent porous of swales is to reduce stormwater volume
concrete sidewalk are located in the High Point through infiltration, improve water quality
neighborhood of Seattle, WA through vegetative and soil filtration, and

(Source: Abby Hall, US EPA). reduce flow velocity by increasing channel

roughness. In the simple roadside grassed

form, they have been a common historical
component of road design. Additional benefit can be attained through more complex forms of swales,
such as those with amended soils, bioretention soils, gravel storage areas, underdrains, weirs, and thick
diverse vegetation.

Implementation Hurdles
There is a common misconception of open channel drainage being at the bottom of a street development

hierarchy in which curb and gutter are at the top. However, several natural drainage swale pilot projects

have demonstrated that urban swales not only mitigate stormwater impacts, but they can also enhance the
urban environment.®



Table 2. Examples of Alternative Street Widths

Jurisdiction Street Width | Parking Condition
Phoenix, AZ 28' parking both sides
Santa Rosa, CA 30' parking both sides, <1000ADT
26'-28' parking one side
20" no parking
20" neck downs @ intersection
Orlando, FL 28' parking both sides, res. Lots<55’ wide
22 parking both sides, res. Lots>55" wide
Birmingham, MI 26' parking both sides
20' parking one side
Howard County, MD 24 parking unregulated
Kirkland, WA 12 alley
20" parking one side
24' parking both sides — low density only
28' parking both sides
Madison, WI 27 parking both sides, <3DU/AC
28' parking both sides, 3-10 DU/AC

ADT: Average Daily Traffic

Bioretention Curb Extensions and
Sidewalk Planters

Bioretention is a versatile green street strategy.
Bioretention features can be tree boxes taking
runoff from the street, indistinguishable from
conventional tree boxes. Bioretention features can
also be attractive attention grabbing planter boxes
or curb extensions. Many natural processes occur
within bioretention cells: infiltration and storage
reduces runoff volumes and attenuates peak flows;
biological and chemical reactions occur in the
mulch, soil matrix, and root zone; and stormwater
is filtered through vegetation and soil.

Implementation Hurdles

A few municipal DOT programs have instituted
green street requirements in roadway projects, but
as of yet, specifications for street bioretention
have not yet been incorporated into municipal

DU/AC: dwelling units per acre

N .
Figure 2. This bioretention area takes runoff from the
street through a trench drain in the sidewalk as well as
runoff from the sidewalk through curb cuts
(Source: Abby Hall, US EPA).

DOT specifications. Many cities do have street bioretention pilot projects; two of the well documented
programs are noted in the table. Several concerns and considerations have prevented standard

implementation of bioretention by DOTs.

Table 3. Municipalities with Swale Specifications and Standard Details

Municipality Document

Section Title Section #

City of Austin® Standard Specifications and
Standard Details

Grass-Lined Swale and Grass- 627S
Lined Swale with Stone Center

Municipal Construction

City of Seattle™ 2008 Standard Specifications for Natural Drainage Systems 7-21




Table 4. Municipalities with Bioretention Pilot Projects in the Right-of-Way

Municipality Bioretention Type Document
Maplewood, MN Rain gardens Implementing Rainwater in Urban Stormwater Management "'
Portland, OR e Curb extensions 2006 Stormwater Management Facility Monitoring Report '

¢ Planters

e Rain gardens

The diversity of shapes, sizes, and layouts bioretention can take is a significant obstacle to their
incorporation with DOT specifications and standards. Street configurations, topography, soil conditions,
and space availability are some of the factors that will influence the design of the bioretention facility.

These variables make documentation of each new bioretenti~- > more important. By building
a menu of templates from local bioretentio= -~ ailar conditions will be easier
to implement and cost lec~ ¢~ es of the details and
specifications for the © issues, costs, lessons
learned, and recommer O‘F he yroject documentation.

er / ow
Utilities are a chief cons oW S/ ol P/D}{ v edit; ;ej/ n areas. The Prince
George’s County, MD B the ql,bb%/ oW o ecommends applying the

same clearance criteria re W'th pM d/l/do gn standards should

specify the appropriate cl

bioretention or allowable vy W L the pV'OW 12.1.16 Utility Clearance

I m e,—‘ ?

% dd to O(M/t} 1drainage pipe and
Plants are another commo; A Jretention. Standard
municipal staff, whether it pa,%e/ nipes have been
salt tolerance, or plant heig ntal. However,
safety and security. Cities ¢ -structural IMP's
. . . 1ponents, (often) with a
1m[')1enr.1engng LID practlcg “this reason, other
maintain lists of plants whic ility without adverse
vegetated stormwater mana; -, nnes may cross through
niche. These are plants that <uucton and maintenance operations

Zooniclude safeguard provisions. In some instances,

regpn?l chma't e conditions, h bioretention could be utilized where utility conflicts would
periodic flooding, are low maintenance, and, make structural BMP applications impractical.

if in cold climates, salt tolerant. Most often
these plants are natives, but sometimes an
approved non-native will best fit necessary criteria. A municipal plant list should be periodically updated
based on maintenance experience, and vegetation health surveys.

Permeable Pavement

Permeable pavement comes in four forms: permeable concrete, permeable asphalt, permeable interlocking
concrete pavers, and grid pavers. Permeable concrete and asphalt are similar to their impervious
counterparts but are open graded or have reduced fines and typically have a special binder added.
Methods for pouring, setting, and curing these permeable pavements also differ from the impervious
versions. The concrete and grid pavers are modular systems. Concrete pavers are installed with gaps
between them that allow water to pass through to the base. Grid pavers are typically a durable plastic
matrix that can be filled with gravel or vegetation. All of the permeable pavement systems have an
aggregate base in common which provides structural support, runoff storage, and pollutant removal
through filtering and adsorption. Aside from a rougher unfinished surface, permeable concrete and asphalt
look very similar to their impervious versions. Permeable concrete and asphalt and certain permeable
concrete pavers are ADA compliant.
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