RESOLUTION NO. 20100819-035

WHEREAS, on January 29, 2009, the City Council adopted the Urban
Design Guidelines which serve as recommendations for all urban
development and redevelopment projects by both the public and private

sector; and

WHEREAS, the Urban Design Guidelines recognize the significant
impact of the built environment on the historic, iconic, and unique

characteristics of Austin and its neighborhoods; and

WHEREAS, as Austin continues to mature as a city, new
infrastructure projects will be needed to meet the demands of its population,

including water towers and electric substations, which are important elements

of a city’s built environment; and

WHEREAS, considerable community dialogue has already occurred
regarding the placement and design of city infrastructure projects needed for
the additional population created by the Mueller Airport redevelopment and

the surrounding communities; and

WHEREAS, the Austin Design Commission serves as a tremendous
resource to the City Council to offer expert advice on how infrastructure
projects can enhance the built environment and how to successfully engage

community input; NOW, THEREFORE,




BE IT RESOLVED BY THE CITY COUNCIL OF THE CITY OF AUSTIN:

The City Manager is directed to work with the Austin Design
Commission on recommendations for design guidelines for infrastructure
projects commissioned by the City of Austin, including Austin Energy, the
Austin Water Utility, and other city-owned enterprises and departments.
These recommendations shall include policies and procedures for the design
and placement of infrastructure projects, incorporating opportunities for

public notification and input,
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RESOLUTION NO. 20120816-060

WHEREAS, the Austin Design Commission serves as an advisory

body to the Austin City Council; and

WHEREAS, the Austin Design Commission provides a unique bridge
between City staff, Designers, and the Stakeholders/Public and additionally
recognizes fiscal responsibility is important with public projects and that they

contribute to our overall quality of life; and

WHEREAS, the City Council recognizes the need to create
Infrastructure Design Guidelines to facilitate careful planning to ensure

projects respect Austinites’ quality of life; and

WHEREAS, on August 19, 2010 City Council approved Resolution
No. 20100819-035 directing the City Manager to work with the Austin
Design Commission on recommendations for design guidelines for

infrastructure projects commissioned by the City of Austin; and

WHEREAS, on October 24, 2011 the Austin Design Commission
conveyed recommendations for such guidelines per Exhibit A; NOW,

THEREFORE,

BE IT RESOLVED BY THE CITY COUNCIL OF THE CITY OF AUSTIN:

The City Council directs the Austin Design Commission to develop
Infrastructure Design Guidelines with associated review processes as outlined

in their recommendations.




BE IT FURTHER RESOLVED:

The City Council directs the City Manager to support the Austin

Design Commission in their development of Infrastructure Design Guidelines.

BE IT FURTHER RESOLVED:

The Austin Design Commission and City Manager are directed to
provide a report to the City Council on the status of the effort within 90 days,

including an estimated timeline for completion.

ADOPTED: _ August 16 , 2012 ATTEST:

City Clerk
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Introduction

The Design Commission provides advisory recommendations to the City Council
on matters pertaining to the quality of proposed urban development, and as
requested by the Council, assists in developing public policy and in promoting
excellence in the design and development of Austin's built environment. In our
capacity as stewards of Austin’s built identity, Council has asked the Design
Commission to broaden its scope to include policies and standards for the
design and review of the infrastructural components of our city. This Manual of
Infrastructure Design Guidelines is meant to complement both the city's Urban
Design Guidelines, and the Imagine Austin Comprehensive Plan. The
Infrastructure Design Guidelines address the design character and construction
of components and systems that structure and support the ongoing development
and growth of the City of Austin and aim to enable the City to attain its vision of
becoming the most livable city in the country. Design excellence in infrastructure
contributes to sustainable growth and supports Austin’s civic identity.

What is Infrastructure?

nfrastructure can generally be defined as the set of interconnected structural
somponents that provide the necessary supporting framework for urban
Jevelopment. Typically referring to the technical structures that support a
society’s needs, such as roads, bridges, water supply, sewers, electrical grids,
‘elecommunications, and so forth, infrastructure is comprised of "the physical
somponents of interrelated systems providing commodities and services
assential to enable, sustain, or enhance societal living conditions."[Fulmer,
2009]. The Design Commission is primarily concerned with achieving excellence
n the design of such structures and systems.

nfrastructure plays two primary roles in the design of urban environments:
Jerformative, and connective. Performative in this context refers to the
>apacity of the infrastructure to accomplish the technical function for which the
system has been designed, be it the distribution and collection of water,
slectricity, transportation, etc., or the provision of systems of public space,
streets, sidewalks, etc. Performative standards and criteria are the purview of
City Staff and City Departments. Connective refers to the ability of
nfrastructure to integrate disparate urban development components and
Jrojects into an integrated system.

Because of Austin’s extraordinary rapid growth and its focus on becoming a more
“compact-and-connected” city, the need for new infrastructure to support new
development has increased as well, almost becoming out of control. To ensure
that these infrastructure projects do not have an adverse effect on the public
realm, and that they are integrated into the concept of smart growth, the City
Council passed Resolution 20100819-035, which assigned the Design
Commission to develop guidelines for these infrastructure projects. This
document will be quite similar to the Urban Design Guidelines produced in 2009,
and will reflect many of the visions of the Imagine Austin Comprehensive Plan,
which was adopted in 2012. The Manual of Infrastructure Design Guidelines
(IDG) will provide the necessary framework for all future, applicable public
infrastructure projects with the goal of enhancing Austin’s quality of life. The IDG
focuses on projects that have a significant impact on the public realm and will
build on values expressed in the Urban Design Guidelines and Imagine Austin
Comprehensive Plan.

Connective also refers to the socially supportive role that infrastructure may play
in enhancing the quality of life of the citizens of Austin. The Design Commission
seeks to work with and advise City Staff, City Departments, and developers on
was to attain excellence in the design and integration of the physical and social
systems of our city.

The Infrastructure Guidelines outline the vision, principles and connective design
criteria that are required for the design of our city's urban structure. The
Infrastructure Design Guidelines provide the necessary framework for the design
of a compact, connected and sustainable urban environment for Austin. The
Design Commission's role in evaluating infrastructure proposals is to ensure that
each development project is designed adequately and systematically reflects the
values and principles espoused by the framework in order to realize the goals of
the Imagine Austin Comprehensive Plan.



The Merits of Integrated Infrastructure

As the City of Austin strives to implement its compact, connected and
sustainable agenda for the future, the necessity to integrate the various
infrastructural systems that organize, construct and service the metropolitan
landscape is of vital importance. The urban environment has become a
complex organism requiring the expertise of many professionals, from
multiple disciplines, to construct and manage. This complexity is reflected in
the multiple departments that are responsible for the various components of
infrastructural design within the city. The segregation of technical expertise,
into distinct city departments, is a reflection of the segmentation of
professional responsibility that has evolved with modern society. This
disciplinary separation encourages the use of infrastructural solutions that are
designed to solve singular dilemmas, without full consideration of the
consequent effect on the totality of the urban environment. The urban
landscapes, produced by this disciplinary separation, are comprised of
systems of infrastructure that are engineered and implemented to function for
individual purposes and are rarely integrated into the type of complex multi-
functional systems needed to service the contemporary city.

Best design practices have shown that integration provides benefits that are
social, environmental and economic. Planning for land-use development and
mobility issues, for example, are often separately considered spatial planning
disciplines. However, in practice there is a strong connection between land use
issues and mobility factors, these issues strongly influencing each other in terms
of livability and the subsequent financial-economic positions of neighborhoods.
While optimizing a particular design may satisfy the technical engineering
requirements necessary for infrastructure to perform a singular function, the
resultant urban landscape is often dispersed, disconnected, and unsustainable.

The construction of a compact and integrated urban environment requires that
the design and construction of infrastructural systems be able to operate on
several levels. Systems must be both performative and connective. This is best
accomplished by assimilating multiple purposes within an integrated system.
Integrated infrastructure has the ability to respond to issues of mobility across a
range of uses from the pedestrian, to bicycles, automobiles and public
transportation, while additionally responding to the ecological needs of storm
water mitigation, and the social roles of public space, all within the mechanisms
of an integrated system.



10 Core Principles for an Integrated Infrastructure

1 CONTEXTUAL

Infrastructure should be thoughtfully designed and adapted to
enhance surrounding neighborhoods and environments.

Context is the physical scale, space and ambience of a place
and establishes the built and natural forms within which
individual buildings and infrastructure are sited. As such, the
design of infrastructure affects the balance between natural
ecosystems and the built environment.

2 CONNECTED

Infrastructure should be strategically planned to so as to
facilitate multi-modal linkages and pathways through the city.

Infrastructure  should be designed bind the districts,
neighborhoods and public spaces of the city together so as to
create a vital social, economic and ecologically responsible
urban environment.
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INTEGRATED

Infrastructure should be designed to accommodate competing
interests in the urban environment.

A well-designed and efficient urban infrastructure must allow for
the intensification of functions in the urban environment by
providing for the integration of social and technical systems.
This requires an integrated approach to design that supports
multiple simultaneous programs and functions.

Infrastructure should be designed to promote sustainable urban
environments.

Infrastructure that supports compact urban development should
be designed to sustain a relatively high-density urban
environment comprised of mixed land uses. It must provide for
an efficient public transport system and be structured to
encourage walking and cycling, low energy consumption, and a
reduced carbon footprint. A compact urban population, served
by suitable public infrastructure will provide opportunities for
social interaction, the building of community and increased
public safety.



SUSTAINABLE

Infrastructure should aspire to improve the quality of life for its
citizens, while living within the carrying capacity of the
supporting eco-systems.

Sustainable infrastructure provides for environmental, economic,
and social equity in the urban environment. The built
environment is an extension of the ecological systems that
allows for a dense human population to live in a compact area in
relative  comfort.  Sustainable infrastructure  practices
encompass: low impact development practices to protect water
resources, public transportation systems, distributed energy
systems, and the provision of wildlife corridors to protect the
health of the natural environment.

HYBRIDIZED

Infrastructure should be designed for the efficient integration of
multiple programs and uses.

Constructing a compact city requires that infrastructure be
designed efficiently in order to provide for a multiplicity of uses
within a single area. This technique of hybridization can
contributes to the activation of urban areas that would otherwise
be vacated, and provides for the continuous use of urban space
for diverse programs and events.
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HUMANE

Infrastructure should contribute to the creation of a vibrant public
realm with superior public spaces.

The design of infrastructure can either divide communities, or
bring them together. Urban Infrastructure performs an important
social role in the city, and proper consideration should be given
to the role public space plays in the formation of an accessible
and civilized urban landscape, one that serves the entire urban
population.

ECOLOGICAL

Infrastructure should provide for healthy natural environments.

The unification of natural systems into the city helps to soften
the impact of a dense cityscape and provides city dwellers with
pockets of respite from the activities of urban life. A healthy
environment is created through the use of green infrastructure to
support communities of plants and animals, transforming parks
and water bodies into spaces for community activities. The
integration of nature is not only aesthetically pleasing, but also
improves the air quality and mitigates heat island effects in the
city.
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TIMELESS

Infrastructure should recognize the historic significance of
important buildings and places.

Culturally important places are constructed incrementally over
long periods of time. This aspect can reinforce the authenticity of
a place while providing the basis for contemporary urban
lifestyles.

INCLUSIVE

Decisions about infrastructure should be made with the
participation of the effected community.

From the seemingly trivial activities of everyday life (e.g. using a
plastic bag) to the overtly transformational (e.g. growing the
city), citizens have a role to play and a responsibility. It is only
through the sum total of individual choices, of individual actions,
that change will come about.

Residents and stakeholders must be part of the planning and
designing of their cities and their communities. They must also
be part of delivering a new vision: by choosing to walk, by
engaging each other, by generating awareness, and by
demanding higher standards.
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DESIGN TRUST PREFACE

The Design Trust for Public Space is a private non-profit organization dedicated to
improving New York City’s public realm. Since our founding in 1995, we've tackled a
broad range of projects, but our goal has never varied: to provide project-specific, state-
of-the-art design expertise to New York City. It is our conviction that the city’s cultural
and democratic life depends on viable public space. To achieve our goals, we organize
teams of experts — architects, urban planners, graphic designers, landscape architects,
ecologists, economists, or whoever may be required for a particular project. The
selected experts become “fellows” of the Design Trust, which supports their work with
public agencies and community groups. These powerful and unexpected public/private
collaborations generate solutions to complicated civic issues and overcome formidable
political and logistical hurdles.

Fundamental to all public space design is environmental sustainability, which the United
Nations World Commission on Environment and Development defines as “development
that meets the needs of the present without compromising the ability of future generations
to meet their own needs.” The Design Trust has taken the lead in helping New York

City become more sustainable through an ongoing partnership with the New York City
Department of Design and Construction (DDC). This collaboration began in 1999, with
the publication of the High Performance Building Guidelines. Since that document’s
publication, DDC has built more than two dozen green buildings — a revolution in terms
of city building practices — and incorporated sustainable features in numerous projects.

In 2003, the Design Trust and DDC expanded these efforts by undertaking creation of
the High Performance Infrastructure Guidelines. Nationally unique, this document will
improve New York City's environmental quality through design, as the innovative materials
and construction techniques it details are implemented over time.

To create the High Performance Infrastructure Guidelines, the Design Trust and DDC
assembled a remarkable team, comprised of Design Trust fellows Hillary Brown, Stephen
Campbell, and Steven Caputo; DDC Assistant Commissioner Dino Ng and his staff;

and Signe Nielsen Landscape Architects. This document attests to their dedication

and commitment to excellence. The team worked closely with the City agencies that
have jurisdiction over New York City’s infrastructure and solicited input from an array of
other expert sources, including an advisory panel of regional officials and academic and
private-sector peer reviewers. This collaborative process provided invaluable feedback
and evinced a deep-rooted optimism for the future of high performance infrastructure.

By implementing sustainable practices in the public right-of-way, we will conserve energy,
improve air and water quality, and protect our waters, making New York City more
beautiful and livable. Just as the High Performance Building Guidelines received wide
acclaim and inspired comparable guidelines in other U.S. cities, we are confident that the
High Performance Infrastructure Guidelines will encourage a groundswell of innovation
here and throughout the nation. Implementing sustainable practices in the public right-of-
way enriches the urban experience for all New Yorkers, now and for generations to come.

Loe?P

Deborah Marton
Executive Director, Design Trust for Public Space
October 2005

HIGH PERFORMANCE INFRASTRUCTURE GUIDELINES

DDC PREFACE

New York City has bit of a reputation. It is the most crowded, frenetic, and gritty city in
the United States. However, like the proverbial tough guy with a heart of gold, New York
City is also, quietly, one of the greenest cities by several measures — including energy
use per capita and percentage of open space devoted to parkland. As Environmentalism
in the 21st Century is reconsidered, its traditionally perceived nemesis — dense,
concentrated urbanism — has emerged as its more energy-efficient redeemer. The two
philosophies, once thought to be incompatible, are in fact complementary.

In 1999, DDC's Office of Sustainable Design, in partnership with the Design Trust,
affirmed a commitment to green building practices by publishing the High Performance
Building Guidelines. Today, six years later, DDC’s building portfolio is advancing the goal
of more environmentally responsible strategies. In order to also extend those strategies
to our public right-of-way, the DDC and Design Trust have reunited here to publish the
High Performance Infrastructure Guidelines.

The manner by which we design, build, maintain, and operate infrastructure within our
urban right-of-way profoundly affects our ecology and every measure of our environment.
Our natural resources, such as air quality, waterway health, and vegetation, exist in

a state of interdependence with each other and with our built urban infrastructure.
Whether directly or indirectly, both the built and natural environment affect our health,
well-being, and quality of life. Although the environmental, social, and economic
benefits of green buildings have been understood for some time, the concept of green
infrastructure is relatively new.

This document outlines the range of possibilities suggested by the notion of green
infrastructure. The landscape-intensive nature of this concept demands a certain kind of
approach, and the reader may note that particularly urban variables, such as scale, age,
and proximity, have been given special consideration. Consideration has also been given
to the type of infrastructure work addressed in order to endorse practices that promise
the most benefits.

In New York City, the majority of work performed in the right-of-way is remedial and
space is at a premium, precluding certain conventional notions of “greening.” However,
the massive scale of our built environment ensures even the most minor and invisible
improvements to our current practice will resonate in a way that is both real and powerful.
The city is proceeding with a new era of infrastructure reconstruction and rehabilitation,
both in lower Manhattan and citywide, and the publication of this document could not be
more timely. The sound practices and intelligent ideals embodied within represent and
reaffirm DDC’s commitment to a more fiscally, socially, and environmentally responsible
future for New York City.

David J. Burney, AIA

Commissioner, New York City Department of Design and Construction
October 2005
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HIGH PERFORMANCE INFRASTRUCTURE GUIDELINES =

OVERVIEW

PART ONE ACHIEVING HIGH PERFORMANCE =  OVERVIEW

Jane Jacobs

“Streets and their sidewalks — the main public places of a city — are its most vital organs...”

WHAT IS THE PUBLIC RIGHT-OF-WAY?

The public right-of-way organizes the massive flow of energy and matter that courses
through the city on a daily basis. Right-of-way components include the roadway,
sidewalks, sub-grade systems, and landscaped areas, and the design of each

these components profoundly affects our experience of the city. By undertaking
coordinated, sustainable approaches to streetscape design, construction, operations,
and maintenance — and by joining considerations of function and performance with
concern for the human experience of the urban environment — cities can promote
safety, reliability, cost effectiveness, public health, and quality of life.

On its surface, the right-of-way rationalizes and choreographs the complex circulation
of automobiles, buses, bicycles, and pedestrians, prioritizing them through its geometry,
lane markings, crosswalks, and signaling — allowing each to yield to the other in a safe
mix. The streetscape is also shared public real estate for the social and economic
activity that enriches civic life. City streets double as play space and rallying grounds,
while sidewalks serve as zones of casual interchange, shopping, dining, and display.

Below grade, the right-of-way houses a complex and vital network of utility
infrastructure. Pipes and conduits convey potable water, gas, electricity, and
telecommunications, while others carry off storm- and wastewater.

Finally, the right-of-way is host to nature and natural processes. Trees, vegetation, and
soil interspersed throughout the streetscape offset the sharp edges and hard surfaces
of the built environment. Landscaped areas perform invaluable services by producing
oxygen, improving air quality, providing shade and local cooling, and absorbing and
treating stormwater.

Sustainable practices can be applied each of these aspects of the right-of-way. The
public right-of-way in New York City comprises over 20,000 paved lane miles —
approximately 1.2 billion square feet — or an area nearly double the size of Manhattan.
Given the size of this asset and the scope of the City’s annual infrastructure
investments — over $2 billion — there is potential to gain considerable benefit from
even modest improvements in right-of-way components.

WHY HIGH PERFORMANCE GUIDELINES?

This publication, High Performance Infrastructure Guidelines (Guidelines), provides
a roadmap for incorporating ‘best management practices’ (BMPs) into New York
City’s right-of-way infrastructure capital program. The Guidelines are written for

the Department of Design and Construction (DDC), but they are also intended for
use by planners, designers, engineers, public officials, and anyone else involved in
constructing, operating, or maintaining the right-of-way.

Through publishing these Guidelines, the City and the Design Trust for Public
Space seek improved environmental, social, and economic outcomes for the City’s
infrastructure investments. Furthermore, the Guidelines consider improving natural-
system and human health an essential part of an infrastructure capital project.

The High Performance Infrastructure Guidelines allow for a practical, incremental
approach to implementing best management practices. The BMPs that are described
in Part Three of the document are applicable to a wide range of maintenance and
capital construction work, including minor structural roadbed work, street resurfacing
projects, sewer or water main rehabilitation, sidewalk construction projects, and major
right-of-way reconstruction or new construction — all undertakings of the Department
of Design and Construction. DDC'’s implementation of best practices in a series of
pilot projects over time, coupled with the agency’s ongoing upgrading of standards
through research and development, represents a measured but committed approach
to enhancing the performance of right-of-way infrastructure.

Many of the best practices contained in the Guidelines already have a proven track
record in New York City. Photographs and brief descriptions of exemplary New

York projects are woven throughout the Guidelines, and six of these projects are
described in detail in Part One. Other best practices are drawn from public and
private sources in the United States and abroad and were chosen for their relevancy
to the metropolitan area. Some of these best practices are readily achievable in New
York City, while others are more far-sighted. By weaving together innovative goals and
proven best management practices, the Guidelines will help diverse stakeholders
make coordinated, incremental infrastructure improvements according to a long-term
shared vision.



GUIDELINES ORGANIZATION

On any given capital project, players from both the public and private sectors
participate in planning, scoping, funding, designing, constructing, and maintaining
municipal infrastructure. Part One of the Guidelines provides each participant

with an overview of the desirability of improved infrastructure and a general
understanding of critical objectives. Part One also assists external stakeholders

— politicians, community groups, developers, and citizens —in strategic thinking
about place-based, environmentally sound infrastructure solutions.

Part Two provides an overview of how infrastructure is planned, funded, designed
and built by the New York City Department of Design and Construction, in
collaboration with its client agencies. Part Two contains recommendations for
helping the involved City agencies and private utilities incorporate high performance
practices into both typical and special infrastructure work. Part Two also proposes
enhancements to decision-making techniques — including life cycle cost analysis
and environmental valuation that is fundamental to achieving the most cost
effective, best performing, and sustainable infrastructure projects. This section
advocates for a more coordinated right-of-way planning effort and integrated
design among public agencies as well as residential, commercial and industrial
stakeholders, helping them effectively coordinate long-term implementation across
space and time.

Part Three is the technical component of the Guidelines. It begins with a discussion
of optimal site assessment and scoping techniques. It then sets out numerous

best management practices organized according to the primary categories

of infrastructure work — streetscape design, pavement, utilities, stormwater
management, and landscape. A final section in Part Three contains best practices
for construction and site management. The BMPs in Part Three are formatted

to help frame both problems and solutions. They contain useful background
information, key objectives for improved performance, and detailed technical
strategies for achieving those objectives. The BMPs also explain benefits and
limitations, and identify opportunities for integrating multiple practices.

A brief case study on the development of Gateway Estates in Brooklyn, New York,
follows the BMPs. Based on a design simulation conducted during the development
of the Guidelines, the case study envisions how the High Performance Infrastructure
Guidelines could be implemented in future phases of Gateway Estates and other
projects like it. A glossary, acknowledgements section, and index conclude the
Guidelines.
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GUIDELINES DEVELOPMENT PROCESS

The High Performance Infrastructure Guidelines are the product of collaboration
between the Design Trust for Public Space and the New York City Department of
Design and Construction (DDC). Founded in 1995, the Design Trust for Public
Space is a private non-profit organization dedicated to improving the quality

and understanding of New York City’s public realm. Also founded in 1995, The
Department of Design and Construction is the centralized agency that performs
the majority of New York City’s capital improvement projects that were formerly
undertaken by a number of separate agencies. DDC’s interagency mission is a
tremendous asset to implementing high performance infrastructure practices
citywide.

The High Performance Infrastructure Guidelines are conceived to complement a
previous publication that DDC and the Design Trust collaboratively produced in
1999, the High Performance Building Guidelines.! The publication of the Building
Guidelines provided a roadmap for DDC to incorporate sustainable practices into its
capital building program. Since publication, DDC has designed and built 25 green
buildings, and it is continually revising design standards to mainstream sustainable
practices. The High Performance Building Guidelines were widely acknowledged
throughout the building industry and public sector, and led to the development of
similar guidelines in major U.S. cities.

To develop the High Performance Infrastructure Guidelines, the team — comprised of
Design Trust fellows, DDC representatives, and landscape architecture consultants

— worked closely with the City agencies that have jurisdiction over right-of-way
infrastructure, including the Departments of Transportation (DOT), Environmental
Protection (DEP), Parks and Recreation (DPR), and Housing Preservation and
Development (HPD). DDC's ‘client agencies’ influenced the scope of research,
advised on technical and procedural issues, and conducted a peer review of the
Guidelines.

The team also solicited input from a regional advisory panel — consisting of
infrastructure planning officials from northeastern cities and states — and a peer
review panel — consisting of New York City consultants, academicians, and
infrastructure experts. Finally, the authors of InfraGuide — the Canadian National
Guide to Sustainable Municipal Infrastructure — and the sustainable design
consultants, Steven Winter Associates, Inc., conducted separate technical reviews
of the Guidelines.? All of these groups provided invaluable feedback, enthusiasm,
and direction for the project. For a complete list of contributors, please see the
acknowledgements section, beginning on page 208.

The High Performance Building Guidelines were also made possible through funding from the Robert Sterling
Clark Foundation, the New York State Council on the Arts, and the New York State Energy Research and
Development Authority.

N

InfraGuide is funded by Infrastructure Canada and implemented by the Federation of Canadian Municipalities
in collaboration with the National Research Council.
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GUIDING PRINCIPLES

Promote sustainable urban ecology

The emerging field of ‘urban ecology’ increases our understanding of how urban
environments are the product of complex interactions between constructed and
natural systems. While people are the dominant agents of change in cities, ecological
processes are also dynamic, and they may be affected in ways that significantly
impact human health and the built environment. Examples of these phenomena
include the urban heat island effect, smog formation, flooding and hydrologic
disruptions, and the proliferation of invasive species. The protection and regeneration
of local and regional ecosystems is essential since urban dwellers vitally depend on
‘ecosystem services’ such as breathable air, safe drinking water and nutritious food.
City planners, architects, engineers, and ecologists can develop infrastructure that
promotes harmony and synergy with the natural environment, resulting in improved
ecological productivity and better public health outcomes.

Enhance public health, safety, and quality of life

The design of the public right-of-way critically impacts urban living. Variations in
streetscape geometry, grading, materials, colors, textures, and thermal and acoustic
properties can either help or hinder our safe and comfortable navigation of the

city. Well designed streetscapes balance the needs of pedestrians, bicyclists, mass
transit users, and automobile drivers, and they offer a range of amenities and
enhancements that will benefit public health, safety, and quality of life. Undertaking
streetscape improvements will encourage civic pride and social engagement, reduce
crime rates, bolster property values, foster economic development, and help to
revitalize communities.

Optimize lifecycle and performance

The ‘lifecycle’ of an infrastructure asset includes all the stages of its existence from
‘cradle to grave’ —i.e. from the initial production of its material inputs through the
end of its service life and disposal. The Guidelines seek to minimize costs and
environmental impacts throughout the entire lifecycle of infrastructure assets,

while maximizing performance and longevity. Critical objectives include effectively
coordinating right-of-way construction, using best-available technologies, designing
utilities for easy access, reducing conflicts between adjacent or overlapping
components, using non-destructive maintenance techniques, and undertaking
timely preventative maintenance. Consequently, the City will realize better returns on
infrastructure investments and will benefit from greater reliability, less environmental
impact, and less disruption to communities and businesses.

Manhattan's Greenwich Street (top) and Route 9A (bottom) have both been redesigned using high
performance principles.



BEST MANAGEMENT PRACTICES

High Performance Infrastructure best management practices are based on the core
principles of sustainable design:

= |limiting waste and hazardous substances

= using materials and resources efficiently

= reducing detrimental impacts to the air, water, soil and vegetation
= promoting energy efficiency

= improving lifecycle and performance

= enhancing public health, safety and quality of life

The Guidelines contain best management practices (BMPs) applicable to the typical
section of the public right-of-way, encompassing street and sidewalk, underground
utilities, stormwater infrastructure, landscapes, and streetscape elements. In the

City of New York, considerable opportunity exists for incorporating BMPs into
projects of different scales and levels of complexity. Many BMPs will be implemented
incrementally through the upgrade and replacement of individual infrastructure
components over time. In new developments or major roadway reconstruction
projects, the City can maximize benefits by employing best practices to coordinate
capital investments and to develop integrated designs for the entire roadway system.

Component Optimization

At the single-component level, standard details or specifications may be improved
to optimize performance, minimize environmental impact, use materials more
efficiently, improve construction practices, or extend lifecycle.

Examples of component optimization:

o Using reclaimed ‘supplementary cementitious materials’ to
increase pavement strength. (PA.6)

o Using light-emitting diodes for streetlighting to increase efficiency
and reduce energy consumption. (SS.8)

= Designing drought-tolerant, water-efficient landscapes to reduce
irrigation needs and potable water consumption. (LA.13)

Multifunctional Optimization

The density and close proximity of components in the right-of-way can lead to
unanticipated damage or degradation. Recognizing the mutual impact of adjacent
systems, the Guidelines seek to minimize conflicts among parts and, wherever
possible, to promote synergies. Undertaking multifunctional optimization strategies
could lead to long-term cost savings, improved performance and lifecycle, reduced
environmental impact, and increased returns on municipal investments.

Examples of multifunctional optimization:

= Using ‘structural soils’ in tree planters will provide load-bearing
capacity for sidewalk pavements while offering a better medium for
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trees to develop deep roots. This practice will significantly enhance
tree health and also minimize damage to pavements by preventing
upward root growth. (LA.4)

= Using pervious pavement will reduce stormwater runoff and
peak demand on stormwater management infrastructure, while
providing an adequate driving surface for vehicles. (PA.4)

o Utilizing trenchless technologies to repair water-main
infrastructure will minimize trench cutting and subsequent
pavement degradation. (U1.3)

Integrated Design

This systems-oriented approach focuses on improving the performance of the entire
roadway system. Design integration requires cross-disciplinary teamwork at the
planning, scoping, design, and construction stages. It promotes comprehensive
performance improvements, compounds environmental benefits, and potentially
offers substantial cost savings. Undertaking design integration is beneficial

for infrastructure upgrade and it is critical in creating new infrastructure. The
“integration” section in each BMP identifies opportunities for integrated design. In
addition, a graphic on the following pages illustrates opportunities for integrating
BMPs within a typical streetscape.

Examples of integrated design:

o Designing a roadway with a diversely planted center median
that functions as both a traffic calming device and a stormwater
bioretention area will improve pedestrian safety, minimize
stormwater runoff, dampen street noise, and improve air quality.

= Designing an accessible utility corridor for subsurface utilities
within the roadway will allow for easy maintenance, minimization of
right-of-way disruption, extended pavement lifecycle, and reduced
environmental impact from repeated excavation and disposal of
sub-base.

Designing a right-of-way with reduced impervious pavement area,
high-albedo pavements, and maximum shading by trees will
substantially help to reduce local urban heat buildup, improve air
quality, increase pavement durability, and calm traffic.

u]

The advantages of employing these principles are explored in more detail in the
section titled ‘High Performance Infrastructure Benefits’ starting on page 12.

A visual matrix relating best management practices to benefits is provided on pages
16 and 17 to increase understanding and to aid in navigation of the document.
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BENEFITS
HIGH PERFORMANCE INFRASTRUCTURE BENEFITS

Through employing best practices that treat the right-of-way as a series of linked and
interacting systems — and by making capital improvements accordingly —the City can
capture a range of environmental, social, and economic benefits. A matrix on page
16 depicts the relationships among the numerous best practices and their associated
benefits. These benefits are described on the following pages.

PART ONE ACHIEVING HIGH PERFORMANCE =  BENEFITS

Urban Heat Island Effect Mitigation

The Urban Heat Island (UHI) effect is the increase in urban air temperatures
resulting from the proliferation of dark colored, heat-absorptive pavements and
surface materials of buildings, as well as from changes to landscape and hydrology
that reduce evaporative cooling. An increase in air temperatures as much as six to
eight degrees Fahrenheit can trigger a range of public health problems, especially
affecting children, the elderly, and people with existing respiratory ailments. The
urban heat island effect exacerbates the concentration of ground level ozone, a
harmful eye and respiratory irritant for which NYC is in ‘severe non-attainment’ of
federal air quality standards.* The urban heat island effect also increases demand for
air conditioning, resulting in higher energy consumption and power plant emissions.
Projections indicate that the combined effects of urban heat and global warming, if
left unchecked, could increase average temperatures by an additional five to ten
degrees over the next 100 years, resulting in as many 90-degree days in NYC as
currently in Miami.®

New York City has 20,000 lane miles of dark colored, impervious pavement in the
right-of-way alone — in aggregate an area nearly double the size of Manhattan.
Undertaking a comprehensive strategy to minimize urban heat island effect
—reducing paved area, using pervious pavements, increasing pavement albedo
(reflectivity), and designing landscapes to maximize shading of pavements — could
reduce summertime temperatures by several degrees and could save the City
millions of dollars. A recent study of the City of Los Angeles indicated that increasing
pavement albedo citywide could be worth $90 million a year in energy savings,
smog reduction, and related public health benefits.® Another study estimated that

a reduction in urban temperatures of approximately 3 degrees Farenheit would
produce air quality benefits equivalent to replacing a city’s entire fleet of gas-powered

Lawrence Berkeley Lab Heat Island Group. http://eetd.Ibl.gov/Heatlsland/
City of New York Department of City Planning. 2002 Report on Social Indicators.
Chapter 8 — The Environment. http://www.nyc.gov/html/dcp/pdf/pub/socind02ch8.pdf

Janine Bloomfield. Environmental Defense Fund. Hot Nights in the City: Global Warming,
Sea-Level Rise and the New York Metropolitan Region. New York: EDF, 1999. Page 5.
http://www.environmentaldefense.org/documents/493_HotNY.pdf

o

Lawrence Berkeley Lab Heat Island Group http://eetd.|bl.gov/Heatlsland/Pavements/Cost.html

cars with electric vehicles.” While no similar studies exist for New York City, the
benefits of reducing urban heat island effect are clear.

Improved Air Quality

Vehicular emissions, especially diesel-powered trucks and buses, are a primary
source of harmful air pollutants in urban areas — including greenhouse gases, carbon
monoxide (CO), sulfur dioxide (SOx), nitrogen dioxide (NOx), and particulate matter
—and they are a contributing factor in up to 250,000 asthma attacks per year in New
York City.82 Numerous studies have linked particulate matter to respiratory ailments,
chronic lung diseases, pneumonia, heart disease, and increased mortality rates.

In the past two decades, the amount of ‘vehicle miles traveled’ (VMT) on the City’s
highways has increased significantly, making it difficult to attain federal air quality
standards for a number of air pollutants.®

Undertaking best practices in right-of-way design and construction can result in
considerable air quality improvements. For example, streetscape improvements
encouraging walking, bicycling, and mass transit use in Portland, Oregon, resulted in
an 8% decrease in vehicle miles traveled, a 6% decrease in NOx emissions, and a 3%
decrease in CO emissions.!° Other studies have documented the effectiveness of urban
trees and vegetation in producing oxygen, intercepting and settling pollutant particles,
and absorbing gaseous pollutants. One such study found that localized air quality
improvements in urban areas containing 100% tree cover are as high as 15% for
ozone, 14% for SOx, 13% for particulate matter, and 8% for NOx.!! Studies conducted
by the USDA Forest Service in New York City estimate that in one year the City’s trees
were responsible for removing over 1800 metric-tons of air pollution at an estimated
value of nearly $10 million.'? Yet another study found that a single mature tree can
absorb 48 pounds of carbon dioxide per year and release enough oxygen to support
two human beings.® The economic benefits of urban trees are likely to increase as
financial markets for trading carbon dioxide emissions develop in the near future.

Brian Stone Jr and Michael O. Rodgers. Urban Form and Thermal Efficiency, How the Design of Cities
Influences Urban Heat Island Effect. APA Journal Spring, 2001. Vol. 67, No. 2.
http://www.wisc.edu/urpl/people/stone/UFTE. pdf

Diesel exhaust, in particular, contains dozens of constituent chemicals that are human toxicants, carcinogens,
reproductive hazards, or endocrine disruptors. Diesel exhaust contains approximately 100 times more fine
particulate matter than gasoline exhaust. Natural Resources Defense Council. Exhausted By Diesel: How
America’s Dependence on Diesel Engines Threatens Our Health. Page V.
http://www.coalitionforcleanair.org/pdf/reports/cca-reports-exhausted-by-diesel.pdf

©

Vehicle Miles Traveled on NYC’s highways and principle arteries increased by 40% between the years 1982
and 1996, while population grew by only 3%. US Environmental Protection Agency. Our Built and Natural
Environments: A Technical Review of the Interaction Between Land Use, Transportation, and Environmental
Quality. Page. 29. http://www.epa.gov/smartgrowth/pdf/built.pdf

10 Us Environmental Protection Agency. Improving Air Quality Through Land Use Decisions. Page 28.

http://www.epa.gov/otag/transp/trancont/r01001.pdf

' pavid J. Nowak. USDA Forest Service, Syracuse, NY “The Effects of Urban Trees on Air Quality.”
http://www.fs.fed.us/ne/syracuse/gif/trees. pdf. (Page 1)

12 Estimate based on data from the year, 1994. Ibid. (Page 2)

Mike McAliney. Arguments for Land Conservation. Trust for Public Land, Sacramento, CA. As referenced in
“Benefits of Trees in Urban Areas.” Colorado Tree Coalition. http://www.coloradotrees.org/benefits. htm#2



Improved Water Quality, Hydrology, and Aquatic Ecosystem Health

Despite major gains in water quality over the past few decades, New York City still
faces a critical hurdle. Between 70% and 80% of the City’s 6,000 mile sewage
system consists of combined sanitary and stormwater sewers that become
overwhelmed during large storm events. As many as 40 billion gallons of ‘combined
sewer overflows’ (CSOs) — containing around 20% untreated sewage —are
discharged into the City’s receiving waters each year.'* CSOs are the single largest
source of pathogens in the NY harbor region, and also contribute high levels of
nutrients, suspended solids, metals, oxygen-demanding substances, bacteria, and
viruses.!® Besides causing combined sewer overflows, urban stormwater runoff also
disrupts natural hydrologic cycles and harms receiving waters by causing erosion,
habitat damage, temperature increases, eutrophication, turbidity, and toxicity. In fact,
studies show that untreated urban stormwater runoff generated during the first hour
of intense storm events —referred to as the first-flush or ‘water quality volume’ —can
have even greater pollutant concentrations than raw sewage.

The Guidelines recommend numerous strategies to reduce, control, and treat
stormwater runoff as close to its source as possible. One highly successful and
versatile strategy is to use landscaped, or “bioengineered,” structures to capture
runoff, enabling infiltration or evapotranspiration to return water to natural hydrologic
pathways. Since soil and vegetation are excellent sinks for hydrocarbons, metals and
other stormwater pollutants, bioengineered BMPs offer the most cost-effective and
environmentally beneficial method of improving urban stormwater quality.

The City of Seattle recently completed a pilot project to reconstruct a residential
street in a threatened watershed using bioengineered stormwater management
infrastructure. Known as the ‘Street Edge Alternative’, the reconstructed street not
only controls and treats runoff for storms as large as a once-in-two-years storm, but
also it cost 20% less to build than a conventional street.'® Furthermore, the Street
Edge Alternative enhances roadway aesthetics, improves air quality, and offers other
environmental, social, and economic benefits. The City of Philadelphia is undertaking
similar initiatives in abandoned lots, roadway medians, and other hard-surface
spaces to reduce CSOs and simultaneously promote urban revitalization.'” In a
similar fashion, improving New York City’s streetscapes for stormwater management
will cost-effectively reduce combined sewer overflows and improve water quality,
while beautifying the urban environment, bolstering property values, and enhancing
public health and quality of life.

14 “Exploring the Nature of New York.” http://www.cs.gc.cuny.edu/~nature/nature/water.htm

NYC Department of Environmental Protection. 2003 Harbor Water Quality Report.
http://www.nynjcoast.org/NYCDEPHarbor_survey/docs/factors/cso.htm

° Seattle Public Utilities. http://www.ci.seattle.wa.us/util/About_SPU/Drainage_&_Sewer_System/index.asp

NWQEP NOTES: The NCSU Water Quality Group Newsletter. February, 2004. ISSN 1062-9149.
Number 112. North Carolina State University Water Quality Group.
http://www.bae.ncsu.edu/programs/extension/wgg/issues/notes112. pdf

Glen J. Abrams. “New Thinking in an Old City: Philadelphia’s Movement Towards Low-Impact Development.”
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Enhanced Ecological Health and Productivity

In recent decades, the pace of urbanization in New York City has far exceeded the
rate of population growth, resulting in degradation of natural habitat and loss of
biodiversity.'® One endangered, yet still vital, natural resource in New York City is
Jamaica Bay, which is part of the Gateway National Recreation Area. Jamaica Bay
provides habitat for over 350 types of waterfowl and shorebirds, making it one of
the best bird watching locations in the western hemisphere.’® However, salt water
marshes in the bay have diminished at an alarming rate in recent years as the result
of landfilling operations, channel dredging, water pollution, and hardening of the
bay’s shores with infrastructure. Future efforts to develop infrastructure and housing
in the bay’s watershed must seek to minimize environmental impact and enable
regeneration.

As the home of nearly 500,000 street trees, New York City’s public right-of-way
comprises essential connective tissue for the regional ecosystem. The Guidelines
demonstrate numerous opportunities that exist within the right-of-way to improve
ecological health and productivity, from the micro-scale of the streetscape to the
regional scale of Jamaica Bay. Increasing urban vegetation, promoting sustainable
landscape practices, and using bioengineered structures to reduce and treat
stormwater are among the many strategies.

Given its ability to reduce urban heat, sequester atmospheric carbon, reduce noise,
provide habitat and control stormwater runoff, the value of urban vegetation cannot
be overstated. According to the USDA Forest Service, a single urban tree generates
$31,250 worth of oxygen, provides $62,000 worth of air pollution control, recycles
$37,500 worth of water, and controls $31,250 worth of soil erosion, over a 50 year
lifetime.?® In many cities, urban vegetation is responsible for billions of dollars of
stormwater control.?! Investing in urban vegetation as part of a comprehensive plan
to improve infrastructure is extremely cost-effective. A recent study of the Chicago
metropolitan area analyzed the costs and benefits of planting and maintaining
95,000 trees over a 30-year period. The study found that the benefits of air quality
improvement, energy-use reduction, and stormwater management outweighed the
planting and maintenance costs by an average of nearly three-to-one, with payback
periods of as little as eight years after planting.?

)

From 1970 to 1990, urbanization in NYC increased 65% while population increased 8%. New York City
Audubon Society. http://www.nycas.org/issues/population/

19 wp Report on Jamaica Bay.“ US Park Service. http://www.planning.nps.gov/document/gatenews1.pdf,
According to the US Fish and Wildlife Service, birdwatchers spent $14.4 billion dollars — including $6 billion
on trip related expenses —in 1991 alone, and more than 24 million Americans took trips for the express

reason of bird watching.

USDA Forest Service Pamphlet #R1-92-100. Quoted in http://www.coloradotrees.org/benefits.htm#2.

A recent study of the Washington DC region concluded that the existing 46% tree canopy reduces the need
for stormwater retention structures by 949 million cubic feet, valued at $4.7 billion. American Forests. “Trees
and Ecosystem Services.” http://www.americanforests.org/resources/urbanforests/naturevalue.php

David J. Nowak, et al. Chicago’s Urban Forest Ecosystem: Results of the Chicago Urban Forest Climate
Project. USDA Forest Service, 1994, Referenced in “Trees as Community Infrastructure” from the Rhode
Island Statewide Planning Program. http://www.planning.ri.gov/forestplan/pdf/Part3.PDF
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Reduced Noise Pollution

Noise pollution is a serious public health hazard. In New York City, noise complaints
are the single most common call to the 311 citizen hotline, at an average of 1,000
calls per day. Noise pollution not only causes hearing loss but can also pose

higher risks of hypertension and certain types of heart disease. Unwanted noise
also contributes to tiredness, impacts productivity, and induces anti-social and
depressed behavior.?®> A primary objective for reducing noise is to minimize right-
of-way construction and use proper noise-control techniques when construction is
necessary. The Guidelines advocate using greater discretion in granting permits for
night and weekend work, developing ‘noise management plans’ with community
input on large projects, and using special equipment to minimize the impact of
construction-related noise. To buffer noise from traffic and street-level activity, the
Guidelines recommend increasing the quantity and density of tree planting, and
using earth berms. The U.S. Department of Energy estimates that street trees can
absorb 50% of urban noise if planted appropriately.?* Earth berms can reduce noise
levels 3 to 5 dBa, while also providing aesthetic benefits and serving as repositories
for excavated soil that would otherwise be transported to a landfill.?® Improving
right-of-way design and construction to reduce noise pollution will lead to happy and
healthier communities throughout the City.

Reduced Waste

Since the recent closing of Fresh Kills Landfill —the site that formerly received
13,000 tons of New York City’s garbage per day — the City has faced rapidly
increasing costs for municipal waste disposal. Up to 40% of NYC’s annual landfill
material is construction and demolition waste. Finding ways to minimize waste and
recycle materials in right-of-way construction will help reduce pressure on the City’s
waste disposal system, decrease pollution, save money and energy, and in some
cases improve performance. For example, the use of coal fly ash and other reclaimed
products as ‘supplementary cementitious materials’ in concrete not only offsets the
need for large quantities of energy-intensive Portland cement, but also increases
strength compared to conventional mixes. Through seeking a high rate of recycling
and waste reduction in infrastructure construction, New York City can promote
significant economic development. The Netherlands, a small coastal country with
limited space for landfills, achieves 100% recycling for many materials used in its
transportation sector, offering New York City a successful waste management model
to emulate.?®

Center For Disease Control. National Center for Environmental Health. http://www.cdc.gov/nceh/hsb/noise/

US Department of Energy Report. Quoted in http://www.coloradotrees.org/benefits.htm.

> Highway Engineering Branch, Ministry of Transportation and Highways, British Columbia. Noise Control
Berms: Guidelines for the Use of Earth Berms to Control Highway Noise. January 1997. www.th.gov.bc.ca/
publications/eng_publications/environment/references/Noise_Control_Earth_Berms-Guidelines.pdf

2 Taylor T. Eighmy and Katherine Holtz. “Scanning European Advances in the Use of Recycled Materials in

Highway Construction.” Public Roads. U.S. Department of Transportation, Federal Highway Administration,
July, 2000. Vol.64. No.1. http://www.tfhrc.gov/pubrds/julaug00/recycscan.htm

Improved Energy Performance

New York City is already the most efficient urban energy consumer in America.

For example, the average New York City household consumes 370 kilowatt hours
per month compared to 865 kilowatt hours per month in the average American
household.?” Nevertheless, rising demand for electricity must be met with increased
energy conservation and efficiency to maintain the viability of New York’s energy
system. As previously mentioned, undertaking strategies in the right-of-way to
reduce urban heat will bring substantial energy savings. Additionally, New York City
seeks to realize savings and improve emergency preparedness by maximizing the
energy efficiency of streetlighting and signaling, and using renewable energy sources
wherever possible.

Reduced Use of Potable Water

New York City relies on over 1.1 billion gallons of water per day supplied from
upstate reservoirs. Although the City's water supply is one of the most plentiful and
highest quality urban water supplies in the world, water conservation is a crucial
objective to ensure long-term viability and ecosystem health. The City has an existing
conservation program that has successfully reduced consumption by more than a
million gallons per day over the past few years. Notwithstanding this positive trend,
the potential need to develop new water filtration systems and to expand sewage
infrastructure could result in significant capital expenditures in the future. The
Guidelines seek to strengthen the City’s existing water conservation programs by
advocating water-efficient landscape design to minimize irrigation needs. Additionally,
the Guidelines promote stormwater management techniques that will help to
replenish underground aquifers, support the natural hydrologic cycle, and promote
the reuse of stormwater.

Improved Public Health, Safety, and Quality of Life

Many of the environmental benefits previously discussed translate directly into
improved public health, safety, and quality of life. For example, using urban
vegetation and other strategies to decrease urban heat and air pollution will help
reduce asthma rates, infant mortality, heat-related illness, cancer and other
ailments. Furthermore, studies show that the presence of urban vegetation leads
to a significant reduction in crime and domestic violence, and helps to improve
community relations and property values. Other beneficial strategies recommended
by the Guidelines include designing streetscapes to support walking, biking, and
other forms of ‘active’ transportation; undertaking traffic calming to discourage
dangerous driving and reduce accidents; and enhancing right-of-way aesthetics
and amenities.

2/ Mayor Rudolph W. Giuliani. “Addressing the Need for Long-term Reliable Energy in NYC.” Speech given on
March 27th, 2001. http://www.nyc.gov/html/rwg/htm|/2001a/energy.html



Reduced Impact of Construction

As discussed above, the Guidelines seek to minimize preventable construction
activity whenever possible, and also to expedite construction and maintenance to
minimize disruption to communities, street closures, traffic congestion and noise.
Other best practices are aimed at reducing the impact of construction on natural
resources through implementing site protection measures, protecting water sources,
minimizing damage to existing vegetation and habitat, using reduced-emission
materials, and using cleaner construction equipment.

Enhanced Right-of-Way Lifecycle and Performance

The Guidelines advocate the use of ‘lifecycle analysis’ to account for the full range
of costs —including environmental and social impacts — over the entire life of an
infrastructure asset. The goal of lifecycle analysis is to determine the most cost-
effective technical strategies and investment decisions. Employing lifecycle analysis
beginning in the early planning stages of an infrastructure project encourages
designers to take proactive steps to ensure the reliability and durability of the
infrastructure asset. It also emphasizes the importance of effective, long-term
maintenance, and minimization of unnecessary right-of-way construction that would
lead to lifecycle degradation.

A compelling example of lifecycle degradation is the fact that over 100,000 cuts are
made annually in the City’s streets to gain access to subsurface utilities. Utility cuts
cause significant pavement degradation, which can eventually lead to water main
breaks and other types of utility failure. The Guidelines contain recommendations
for reducing the frequency of utility cuts, designing utilities for easy access and
maintenance, using non-destructive trenchless technologies, and improving
pavement restoration techniques. Other methods for improving infrastructure
performance and extending lifecycle include creating healthy low-maintenance
landscapes, promoting strategies to minimize damage to sidewalks caused by
tree-roots, using certain recycled materials in pavements, and improving energy
performance of lighting and signaling.

Decreased First Costs

The most compelling scenario for decreasing first costs as a result of applying high
performance practices is a project like the Staten Island Bluebelt. The award-winning
Bluebelt program uses bioengineered structures to provide ecologically-sound

and cost-effective storm water management for approximately one third of Staten
Island’s land area. The Bluebelt is estimated to have saved as much as $50 million

in infrastructure construction costs. First costs could also be reduced by decreasing
roadway widths, using less expensive recycled or reclaimed materials in pavement,
minimizing construction and demolition waste, and so on. Many other techniques

in the Guidelines are cost-neutral, yet advantageous because they offer important
residual environmental and social benefits.

HIGH PERFORMANCE INFRASTRUCTURE GUIDELINES PART ONE ACHIEVING HIGH PERFORMANCE BENEFITS

Decreased Operations and Maintenance Costs

The Guidelines offer many strategies that could help reduce the cost of operating
and maintaining the public right-of-way. For example, the use of trenchless
technologies to repair a water main section would be far less expensive — not to
mention less harmful to the environment and less disruptive to local residents and
businesses —than fully excavating the pavement to gain access to the utility. Other
strategies, particularly for landscape, achieve cost savings by simply reducing the
need for maintenance. Techniques include using low-maintenance native species
in landscapes, designing water-efficient landscapes, reducing the use of turf-
grass, using biointensive integrated pest-management, and so on. Finally, through
improving the energy performance of streetlighting and signaling, the City could
realize substantial operational cost savings.

Deferred or Avoided Municipal Capital Costs

Undertaking citywide, integrated stormwater management planning and seeking

to reduce, control, and treat stormwater runoff as close to its source as possible,
are practices that could help defer or avoid enormous expenditures on centralized
water treatment facilities in the future. Experts agree that these techniques offer the
most cost-effective method of managing stormwater, minimizing combined sewer
overflows, and improving water quality. Expanding or creating new centralized
water treatment facilities costs billions of dollars per site, and many communities
throughout the City are opposed to such facilities. A change in approach would not
only save money, it would also expedite water quality improvement. The cities of
Philadelphia and Seattle have recognized the value of localized stormwater initiatives,
paired with other city planning initiatives, and have begun to realize significant
financial, social, and environmental benefits.

Compliance with Environmental Regulations

Implementing the Guidelines will help New York City cost-effectively achieve
compliance with local, state, and federal regulations for air and water quality.

Increased Property Values and Economic Development

Streetscape improvements have the potential to reinvigorate neighborhoods and
increase property values — particularly in areas that currently suffer from urban blight
or disuse —since they help to improve community aesthetics, improve environmental
health, reduce crime rates, increase commercial and pedestrian activity, and
increase business investment. A persuasive example of this phenomenon is the
community surrounding the Bluebelt in Staten Island, which has experienced
significant increases in property values since the Bluebelt's completion. Additionally,
as the largest consumer of construction-related services in the northeast region,
New York City can promote the development of sustainable technologies, products
and businesses, thereby enhancing long- term competitiveness of its regional
construction industry.

]
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MATRIX OF
BEST MANAGEMENT PRACTICES
AND BENEFITS

SITE ASSESSMENT

SA.1 Assess Site and High Performance Opportunities
SA.2 Conduct Soil Analysis

SA.3 Conduct Hydrologic and Hydraulic Analysis

SA.4 Survey Existing Vegetation

STREETSCAPE

$S.1  Work with Community Groups to Enhance and Maintain Streetscape
$S.2  Improve Streetscape for Pedestrians

$S.3 Improve Streetscape for Bicyclists

$S.4 Improve Streetscape for Surface Mass Transit

$S.5 Increase and Improve Right-of-Way Public Space and Green Areas
$S.6  Optimize Security Enhancements

SS.7 Optimize Streetlighting and Signaling

PAVEMENT

PA.1 Maximize Pavement Lifecycle Citywide
PA.2 Minimize Impervious Pavement Area
PA.3 Maximize Pavement Albedo

PA.4 Use Pervious Pavements

PA.5 Use Reduced-Emission Materials

PA.6 Use Recycled and Reclaimed Materials

UTILITIES

UL.T  Minimize Impact of Utility Work

U2 Improve Restoration of Utility Cut Trenches

UL.3  Coordinate Utility Infrastructure for Easy Access and Maintenance
Ul4  Use Trenchless Technologies

Urban Heat Island
Effect Mitigation

€
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Improved Air Quality

€
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BENEFITS

Improved Water Quality, Hydrology,
and Aquatic Ecosystem Health
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Enhanced Ecological Health

and Productivity
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Reduced Noise Pollution
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Reduced Waste
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Improved Energy Performance

€
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Reduced Use of Potahle Water

Improved Public Health,
Safety, and Quality of Life

€
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Reduced Impact of Construction
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Enhanced Right-of-Way
Lifecycle and Performance

€
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Decreased First Costs
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Decreased Operations
and Maintenance Costs
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Municipal Capital Investment

Deferred or Avoided
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Environmental Regulations

Compliance with
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Increased Property Values
and Economic Development
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STORMWATER MANAGEMENT

SM.1 Conduct Integrated Stormwater Management Planning

SM.2 Prevent Water Pollution and Practice Source Control

SM.3 Minimize Runoff from New Building Construction and Major Renovations
SM.4  Optimize Right-of-Way Drainage

SM.5 Use Vegetated Filters and Buffer Strips

SM.6  Use Catch Basin Inserts

SM.7 Use Water Quality Inlets

SM.8  Use Detention Structures

SM.9  Use Infiltration Structures

SM.10 Use Bioretention

SM.11 Use Constructed Wetlands

LANDSCAPE

LA.1 Optimize Citywide Landscape Planning

LA.2  Encourage Ecological Connectivity and Habitat

LA.3  Create Absorbent Landscapes

LA.4  Use Structural Soils Where Appropriate

LA.5 Amend Existing Soils

LA.6  Perform Soil Berming

LA.7 Increase the Quantity, Density and Diversity of Trees

LA.8 Plant Trees to Maximize Shading of Pavement

LA.9 Plant Trees in Trenches or Continuous Soil Zones

LA.10 Use Healthy Plant Selection and Planting Practices

LA.11 Reduce Use of Turfgrass

LA.12 Use Low-Maintenance, Salt-Tolerant, Native or Naturalized Species
LA.13 Use Water-Efficient Landscape Design

LA.14 Use Biointensive Integrated Pest Management

LA.15 Use Biotope-Based Plant Arrangement Along the Shade-Light Continuum
CONSTRUCTION PRACTICES

CP.1 Develop and Enforce a Site Protection Plan

CP.2  Protect Existing and Future Planted Areas

CP.3  Protect Water Sources During Construction

CP.4 Implement a Waste Management and Recycling Plan

CP.5 Minimize Disruption and Impact of Right-of-Way Construction
CP.6  Use Cleaner Construction Equipment

Urban Heat Island
Effect Mitigation
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Reduced Waste
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Lifecycle and Performance
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TRENDS AND PRECEDENTS
TRENDS

Throughout the country, people are developing local initiatives and practical programs
to promote sustainable development. A number of trends are converging to work in
favor of constructing high performance infrastructure. These include emerging public
awareness, political vision, and market forces.

Increasing ‘civic environmentalism’: As part of a changing national attitude and one
already emergent here in New York City, citizens are increasingly calling for local,
incremental actions to prevent or solve environmental problems rather than relying on
regulatory measures or capital improvement projects to address them. Local Business
Improvement Districts (BIDs), community greening programs, neighborhood block
associations, and grass-roots nonprofit groups are adopting innovative practices
through citizen engagement and partnership with local businesses that can improve
community and regional environmental quality.

Sustainabhility as an emerging principle for capital planning: Cities and states across the
country are increasingly implementing ‘smart growth,’ transit-oriented development,
responsible energy policies, environmentally-preferable procurement, and green
building measures to promote sustainable development. These entities are realizing
that undertaking integrated planning processes, applying best available technologies,
and coupling these efforts with positive economic development forces can revitalize
communities, improve environmental quality, and realize cost-savings simultaneously.

Market-driven innovation: The national green building movement’s success at market
transformation is the model for similar change from within the infrastructure

sector. The US Green Building Council has promoted widespread use of its green
building rating tool LEED® (Leadership in Energy and Environmental Design), which
is an assembly of consensus-based best management practices, similar to the
Guidelines. National use of LEED® —in particular its adoption by many state and local
governments and federal agencies — has significantly impacted conventional practices
in the building sector. Promotion of high performance practices in the infrastructure
sector can emerge from a coalition among industry professionals, government
officials, economic experts, and product manufacturers. Greener products and
technologies are already beginning to emerge in the pavement and wastewater
infrastructure industries, and more are likely to follow.

The following section outlines a number of compelling initiatives occurring in cities
and states across the country.

TRENDS AND PRECEDENTS

NATIONAL PRECEDENTS

The City of Philadelphia
The Philadelphia Office of Watersheds was created in 1999 to create and oversee a
multidisciplinary program to mitigate combined sewer overflows (CSOs). Since that
time, the Office of Watersheds has conducted integrated stormwater management
planning to implement citywide and localized strategies for reducing stormwater
runoff. Using GIS mapping and lifecycle analysis, the City has determined that
the most cost effective approach to reducing CSOs and improving water quality
is to manage stormwater as close to its source as possible, rather than expanding
or creating costly new centralized stormwater treatment plants. One example of a
successful local intervention is the conversion of vacant lots throughout the city into
small ‘stormwater parks.” Each stormwater park contains small-scale treatment and
; detention structures to manage the
runoff from the lot and surrounding
buildings. The Office of Watersheds
worked with local community
groups in the design of the park
environment, including seating, play
areas, murals and landscaping. The
result is not only a cost-effective
solution to managing stormwater
runoff, but also the creation of
valuable public space, which
improves quality of life for residents,
improves environmental quality,
increases property values, and
encourages urban revitalization.

Philadelphia is also conducting
demonstration projects to construct
bioretention BMPs in urban right-
of-ways. The success of these
demonstration projects could
transform public rights-of-way
throughout the city in an effort

to optimize on-site stormwater
management. Other projects include
creating new parks and community
gardens with bioengineered
stormwater management BMPs,
renovating school yards to reduce impervious area and increase green space,
constructing infiltration basins underneath playing fields, resurfacing basketball
courts with pervious pavement, building stormwater treatment and control structures
in parking lots, and constructing green roofs. Future objectives for the Office of
Watersheds include overhauling the city’s existing stormwater ordinance, updating
land development codes, providing economic incentives for eliminating runoff, and
educating the public about the importance of watershed health.

Philadelphia vacant lot (top) transformed into
stormwater park (bottom)
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The City of Seattle

Seattle Public Utilities recently constructed a bioengineered stormwater management
demonstration project called the ‘Street Edge Alternative’ to test new approaches to
on-site stormwater management and streetscape improvement. The 660 foot long
reconstructed street has 11% less impervious pavement surface than a traditional
street, provides stormwater detention in small, diversely landscaped swales, and
contains over 100 new evergreen trees and 1,100 shrubs. The Street Edge Alternative
street not only controls and treats 98% of the stormwater from up to a two-year storm,
it also cost 20% less to build than a conventional street and offers a range of social
and environmental benefits.

Seattle Public Utilities is also partnering with Seattle Housing Authority to construct
a natural drainage system for a 129 acre housing redevelopment —one of Seattle’s
largest redevelopments in recent history — located in the threatened Longfellow Creek
Watershed. The natural drainage system integrates 22,000 linear feet of bioretention
swales into the right-of-way, providing both storage and infiltration for stormwater
from surrounding blocks. Once built, the natural drainage system will provide water
quality treatment for the 6-month storm and attenuate the two-year, 24-hour storm
to pre-developed pasture conditions, resulting in substantially improved water quality The green roof on Chicago’s City Hall
compared to conventional drainage infrastructure. . .

The City of Chicago

The City of Chicago has undertaken a series of innovative projects to reduce urban
heat, minimize stormwater reduce runoff, improve urban hydrology, enhance air
quality, increase urban vegetation and habitat, and promote urban revitalization.
Chicago’s most renowned initiative is the construction of a 38,800-square-foot green
roof on top of the City Hall, the most visible structure in the entire city. The roof

is a living laboratory that was designed to test cooling effects, stormwater control,
vegetative health, and habitat creation potential of three different green roof designs
containing over 100 plant species. Initial monitoring for heat reduction has proven
enormously successful: Surface temperatures of the roof have decreased over 70
degrees during the summer, resulting in a reduction of air temperatures on the roof by
15 degrees.

Chicago has also undertaken groundbreaking initiatives in landscaping and

streetscape design. For nearly 15 years, the City has abided by —and periodically

improved —a municipal landscape ordinance that requires plantings along roadways,

adjacent to buildings, in parking lots, and in many other areas citywide. The Chicago

Department of Transportation recently published streetscape guidelines to encourage

high quality, pedestrian-oriented design of the public right-of-way. The cumulative

effect of these initiatives has been transformative for the city. As Steve Berg of the
Minneapolis Star-Tribune wrote, “few boulevards in the world can match the flower-
bedecked splendor of Michigan Avenue, and public beauty is spreading like a

f contagion down every street in the Loop and into the neighborhoods. No corner gas

H station is safe from decorative lampposts and baskets of drooping geraniums. No
surface parking lot can escape a border of wrought-iron fencing and leafy canopies of
newly planted trees.”?®

A proposed natural drainage system in Seattle

28 Steve Berg, Minneapolis Star-Tribune, September 10, 2000. http://www.newrules.org/environment/chiland.html
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The City of Portland, Oregon

The City of Portland started its Skinny Streets Program in 1991 to reduce street
widths, calm traffic, and improve pedestrian safety. The result of this initiative was
the development of the Portland Pedestrian Design Guidelines, the nation’s first
major planning effort aimed at enhancing walkability in cities. The Pedestrian Design
Guidelines became the model for pedestrian design initiatives in cities across the
country.

In 1995, Portland implemented an innovative, long-range planning initiative called
Metro 2040 to lay the groundwork for achieving a sustainable city in the future. The
Metro 2040 plans defines an urban growth boundary, encourages dense urban infill
development, promotes mass-transit ridership and walking, and seeks to minimize
urban sprawl over the coming decades. Ten years after its adoption, the Metro 2040
plan remains a model of enlightened urban planning in terms of its promotion of
efficient land use, proactive application of economic development forces, protection
of farmland and natural areas, advocacy of balanced transportation systems, inclusion
of diverse housing options, and overall sensitivity to urban ecology.

TR —"'.si.h

Portland’s Metro 2040 growth concept

TRENDS AND PRECEDENTS

Newark Liberty International Airport infiltration trench

The Port Authority of New York and New Jersey

The Port Authority of New York and New Jersey has undertaken significant initiatives
to develop sustainable landscape specifications, improve planting and maintenance
practices, and optimize on-site stormwater maintenance at a number of regional
facilities. An important example is the recent construction of a diversely landscaped
infiltration trench at the Newark Liberty International Airport. Functioning as a
landscape median/buffer adjacent to a busy two-way road, the bioretention area has
a low curb profile to allow stormwater to flow across land and be captured. A pervious
paver buffer strip and a grass filter strip remove coarse sediments, debris, and salt
from runoff. Pretreated stormwater then flows into the infiltration trench, which is
landscaped with low-maintenance, salt-tolerant, native or naturalized species. Nearby,
the Port Authority built a long, narrow infiltration structure between a large impervious
parking area and the right-of-way. The infiltration structure is able to control and treat
stormwater runoff from both areas while taking up minimal space. These stormwater
management systems represent a significant enhancement to the aesthetics and
functionality of the airport’s right-of-way, and are well suited for application at many
other urban locations.
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NEW YORK CITY PRECEDENTS

New York City has a history of producing innovative infrastructure. It initiated
municipal streetlighting as early as 1762. In 1842, it began constructing what likely
is today the largest and highest quality urban water system in America. It was in
New York, in 1870, that America’s first underground subway was built. New York
revolutionized urban travel and recreation with the creation of the parkway system in
the 1920's and 1930’s. But perhaps New York City’s most impressive infrastructure
achievement is one that few people would consider as such: Central Park.

Unsuspecting visitors to Central Park could mistake it for a swath of primordial
landscape. The Park’s meandering hills, broad water courses, and jutting rock
formations are such a stark contrast to its highly urbanized surroundings that it
seems to be a piece of preserved wilderness. In fact, Central Park is an entirely
constructed domain. Beginning in 1858, its construction involved 20,000 workers,
the transportation of five million cubic yards of rock and soil, the planting of

more than one million trees and shrubs, and the installation of over 100 miles of
drainage pipe.?® With this in mind, one can appreciate how ingenious the Park is as
infrastructure. It offers the City’s greatest recreational opportunities, with 250 acres
of lawns, over 50 miles of walking trails and bike paths, and dozens of playing fields.
An innovative series of bridges, tunnels, ring- and transverse-roadways enables cars
to drive through the Park with little impact. The Park contains a large reservoir and
system of lakes and subsurface infrastructure that control and treat huge volumes
of stormwater runoff. Its diverse vegetation provides habitat for over 275 species of
resident and migratory birds, making it one of the great bird watching locations in
America. So instrumental is Central Park’s landscape to cleaning New York City’s
air that since 1870, New Yorkers have referred to the park as the City’s “lung” and
“breathing place.”

It is the deft interweaving of constructed and natural systems that makes Central Park
— like other great City parks —such a compelling example of urban infrastructure. Its
provisions for recreation, transportation, water storage, stormwater management, air
quality improvement, and extensive natural habitat, have enriched urban living and
provided environmental benefits for generations of New Yorkers. The presence of the
Park has also spurred economic development, with nearby property values increasing
exponentially in its first decades of existence and rising ever since. At present, the
Park annually attracts 25 million visitors.® Central Park is an enduring and instructive
model of the purposeful role of nature in the city, and a vision of the profound benefits
of urban design innovation. Its legacy is revealed in the recent New York City projects
described on the following pages.

29 Robert A.M.Stern, et al. New York 1880: Architecture and Urbanism in the Guilded Age.
New York: Mancellli Press, 1999. Page 89.

0 Undeveloped lots at the corner of Fifth Avenue and 86th Street that were valued at little more
than $500 in 1847 were worth in excess of $20,000 by 1868. Matthew Gandy, Concrete and Clay:
Reworking Nature in New York City, Cambridge: The MIT Press, 2002. Page 84.

o
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Birds Eye View of Central Park in 2000 (top) and 1863 (bottom)
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EXAMPLE GREENING OF GREENWICH STREET

Location: Chambers to Hubert Streets, Manhattan
Client: NYC Economic Development Corporation
Completed: 2000

Designer: Signe Nielsen Landscape Architect PC

Project Cost:  $3.5 Million

The Friends of Greenwich Street, a local community group, lobbied for nearly a
decade to have changes made to an eight-block stretch of Tribeca. The 110-foot right-
of-way was a holdover from the days when Greenwich Street was a major truck route
and an overhead railroad to transport goods from the waterfront to inland warehouses.
In 1996, NYC Economic Development Corporation funded a streetscape improvement
project to narrow the roadway to 38 feet from 80 feet, and to add 42 feet to the west
side sidewalk. Today, Greenwich Street has been reclaimed as a neighborhood street.
Festivals and parades are frequent occurrences, parents teach children to ride bikes,
and residents of all ages enjoy the sunny or shaded sitting areas. The Friends of
Greenwich Street has become a 501(c)(3) not-for-profit maintenance corporation and
oversees landscape maintenance, public education programs to curtail dog damage,
de-icing salt spreading, and participation in seasonal plantings.

Project Goals

s Calm traffic and improve safety through narrowing the roadway, adding traffic
signals, clarifying crosswalks and providing safe bus loading zones for children.
Provide as much planting as possible within the widened sidewalk.

Create a supportive space for a twice-weekly farmers market.

Integrate and expand a popular neighborhood park.

Provide pedestrian amenities including seating, bike racks, additional street
lighting and bollards at parking garage exits.

= Upgrade subsurface utilities to limit future reconstruction.

= Support local retail by encouraging more pedestrian movement.

o o o o

Project Challenges

= A plethora of utility lines under the widened sidewalk that could not be

relocated, including a high-temperature steam line, water and gas mains and

fiber optic cables.

Very limited area for in-ground tree planting due to utility conflicts.

= Qpposition by some neighborhood businesses to perceived traffic congestion,
reduced double parking space, and potential for undesirable nighttime gatherings.

= Concern by local property managers over increased maintenance needs.

= Multiple agency approvals and jurisdictions.

o

Project Outcomes

= The 38 foot roadway includes two parking lanes and two moving lanes.

= Three laybys accommodate truck and school bus loading and double as head-in
parking at night to accommodate the local restaurant traffic.

All intersections were upgraded with ADA-compliant ramps and striped crosswalks.
Two traffic signals and one stop sign were added.

In-ground trees were planted in double and triple rows by creating insulated,
continuous structural soil trenches that protect the roots from heat generated by the
high-pressure steam line.

Above-grade trees were added over water and gas lines by sealing the bottom of
the tree planters with concrete to protect the utility lines.

Low in ground planters provide additional vegetation and are maintained by locals.
Passive irrigation was provided for all planted areas for use during drought periods.
The farmers market takes place in an unobstructed sidewalk zone with a
mountable curb and reinforced pavement to accommodate trucks. In-ground
hydrants were provided for wash down.

The neighborhood park was expanded by 20 feet and the new fence integrated into
the sidewalk design.

Pedestrian amenities were added throughout the streetscape, particularly at
pleasant viewing spots, residential and park entrances and popular retail locations.
All street lighting was upgraded with a more attractive fixture type and lower height
poles were added to illuminate the widened sidewalk.

o

o

o

o

o

o

o

o

o

o
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EXAMPLE RECONSTRUCTION OF ROUTE 9A

Location: Battery Place to 59th Street, Manhattan
Client: New York State Department of Transportation
Completed: 2001

Engineers: Vollmer Associates

Landscape Architect:
Project Cost:

Signe Nielsen Landscape Architect PC
$457 Million

The reconstruction of Route 9A was originally conceived in the 1970s —

in response to the collapse of the elevated West Side Highway —as an eight-lane
underground superhighway. However, heavy community resistance and a protracted
legal battle ultimately led to the project’s demise. The project was revived and
redesigned in the late 1990’s, with significant public involvement, as an at-grade, tree-

lined urban boulevard accommodating six to eight lanes of traffic, a continuous five-mile

Class | bikeway, and a continuous walkway. To calm traffic and improve pedestrian
safety, the design speed was lowered from 60 mph to 40 mph. Substantial public
amenities, landscaping, and traffic calming features were provided while maintaining
the roadway’s capacity and efficient operation.

Because of successful public participation and interdisciplinary planning, the
reconstruction of Route 9A is considered a premier example of ‘Context Sensitive
Design’, the FHWA's methodology for creating safe, community-friendly, and
environmentally-beneficial transportation projects.

PART ONE ACHIEVING HIGH PERFORMANCE =

Project Goals

= Improve air quality by eliminating bottlenecks and improving signal timing.

= Improve pedestrian access to the waterfront and along Hudson River Park.

= Provide an important link in the Manhattan bikeway system.

= Ensure public participation in the planning and design process.

= Make utility upgrades to protect the 50-year pavement.

= Create a landscaped boulevard character by providing significant areas for planting.

Project Challenges

= Potential negative impacts to historic structures, public open space and
neighborhoods.

= Disruption of travel, congestion and noise during construction.

= Concerns over increased traffic on local streets serviced by Route 9A.

= Maintenance of access to waterfront during construction.

Project Outcomes

= Community groups participated in the planning process and contributed
significantly to the selection of light fixtures, crosswalk locations and local street
access, and construction impact mitigation.

= Construction was staged in six segments to minimize congestion and disruption,
and to maintain waterfront access.

= A crusher plant was constructed to create recycled aggregate; a local concrete
plant was reopened to avoid long distance transportation of concrete.

= The roadway is constructed of high-albedo concrete with a 50-year design life.

= The Class | bikeway is 16 feet wide to accommodate two directions of travel plus
rollerbladers. A nine-foot raised, planted median separates it from the roadway.

= A 19-foot wide raised center median includes a double row of trees underplanted
with native shrubs (in lieu of turfgrass), and is protected from de-icing salts.

= Multiple tree and shrub species were used to avoid a monoculture; all plants are
drought-, salt-, and wind-tolerant.

= Sidewalk trees are planted in continuous structural soil trenches overlaid with
recycled, un-grouted granite blocks.

= Shoulders were eliminated to reduce the roadway width and increase the size of the
adjacent Hudson River Park. Parking is permitted on one side only.

= Many new pedestrian crossings were added, occurring approximately every three
blocks. Bulb-outs were used on the east side to minimize crossing distance.

= A continuous 15-foot wide pedestrian walkway is located between the bikeway
and the park, and is separated by a 5-foot planted median with pedestrian-scale
fixtures.

= Lowered design speed (40 mph) improves safety and reflects urban character.

= Four new landscaped open spaces containing passive and active recreation
facilities were created in conjunction with the realignment.

TRENDS AND PRECEDENTS
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EXAMPLE STATEN ISLAND BLUEBELT

Location:

Client:
Completion Date:
Project Team:

Staten Island, New York

Department of Environmental Protection (DEP)
Ongoing

Hazen and Sawyer; Center for Watershed Protection;
Environmental Concern; Blumberg & Butter

Large sections of Staten Island — NYC’s least populous borough — remain
undeveloped, particularly near the southern coast where the topography is glacial
low-lying outwash plain lined with streams, ponds, and wetlands. The combination
of pre-existing wetlands and extensive undeveloped land area — much of which was

already owned by the City — presented an opportunity to develop a unique stormwater

management system that would alleviate the excessive flooding that plagued
local neighborhoods and accommodate urban development, while minimizing
environmental impact and infrastructure construction costs.

The Staten Island Bluebelt provides ecologically sound and cost-effective stormwater

management for one third of Staten Island’s land area. The program connects
structural stormwater control measures with existing natural drainage features to
manage runoff for 19 watersheds over 14,000 acres. Bluebelt-managed runoff is
diverted into a series of constructed features, such as settling ponds, sand filters,
and constructed wetlands, that capitalize on the unique topography of the glacial
plain and provide water quantity and quality. Runoff then passes into the area’s

natural wetlands for final treatment, storage, and drainage. The Bluebelt has received

numerous awards and accolades worldwide, most recently a US EPA Region 2
Environmental Quality Award.

TRENDS AND PRECEDENTS

Project Goals

o

o

o

o

Preserve and restore natural drainage corridors, including streams, ponds, and
other wetland areas.

Capitalize on the ability of natural and constructed wetlands to reduce the rate,
velocity and volume of stormwater runoff, promote aquifer recharge, and improve
overall area water quality.

Connect natural drainage corridors with conventional storm sewers for an
integrated stormwater management system.

Achieve community and environmental benefits from the preservation of open
space and wildlife habitat.

Incorporate other publicly and privately owned wetland areas through DEP’s
acquisition program.

Actively expand Bluebelt concept in mid-Island to develop 5,400 additional acres
of watershed.

Project Challenges

o

o

o

New mid-island acquisitions are tidally influenced, with phragmites marsh
vegetation and flat topography.

The arts and technologies of wetland restoration and artificial wetland construction
are relatively new and have never been attempted on such a large scale.

Special attention to the problem of invasive species and other landscape
maintenance issues was needed.

Required extensive interdisciplinary planning among ecologists, hydrologists, soil
scientists, landscape architects, and engineers.

Project Outcomes

o

o

o

o

o

o

o

The Bluebelt system currently drains 15 watersheds at the southern end of the
island as well as Richmond Creek Watershed (approximately 10,000 acres).
Preservation of existing wetland systems allows them to continue performing their
functions of conveying, storing, and filtering water.

Community benefits include increased property values, enhanced aesthetics, and
provision of new open space resources.

The Bluebelt provides diverse wildlife habitats.

Community involvement is achieved through the Citizen’s Advisory Committee.
The Bluebelt has lead to the development of new technical know-how that can
be applied in projects of different scales throughout the City. The Bluebelt offers a
compelling new model for urban stormwater management.

The Bluebelt has received numerous awards and accolades worldwide, most
recently a US EPA Region 2 Environmental Quality Award.

The Bluebelt program saves tens of millions of dollars in infrastructure costs
(estimated at $50 million in 1999) when compared with the costs of providing
miles of conventional storm sewers to the same land area. This program
demonstrates how wetland preservation can be economically prudent and
environmentally responsible.
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EXAMPLE GREENSTREETS PROGRAM

Location: Citywide

Client: New York City Department of Parks & Recreation
Completed: 0Ongoing

Designers:  Multiple DPR Landscape Architects

Greenstreets is the most extensive urban beautification project in New York City
since the start of citywide neighborhood street planting in the early 20th century. In
conjunction with the Department of Transportation (DOT), the Department of Parks

& Recreation (DPR) has transformed over 2,000 street triangles, medians, and

other impervious right-of-way areas into street gardens citywide. Greenstreets — “pint
-sized parks,” as the New York Times referred to them — have lastingly greened the
streetscape, improved air quality, reduced stormwater runoff, and improved quality of
life for communities throughout the City. The total area of greenstreets equals more
than 125 acres, providing bits of nature where least expected.

PART ONE ACHIEVING HIGH PERFORMANCE TRENDS AND PRECEDENTS

Project Goals

= Transform barren concrete street islands, medians, and other impervious sections
of the right-of-way into gardens or allées.

= Encourage local stewardship of greenstreets.

= Promote urban beautification and revitalization cost-effectively.

Project Challenges

= Choosing appropriate sites and making sure that no underground utilities hinder
construction.

Solving jurisdictional issues to gain access to the properties, especially sites that
were privately owned. Furthermore, sites must be of the right size and location.
Designing the garden space to fit within very small boundaries;

Designing to take in the flavor and texture of the community and a particular street.
Ensuring that DOT curb standards are followed and that traffic signs remain
visible. All designs for DOT owned sites had to be approved by DOT.
Determining the types of plants and landscapes that would survive in tough
conditions.

Conducting excavation of complicated sites, particularly sites that were ‘painted
lines’ and needed curb and sidewalk construction.

= Maintaining the health and beauty of thousands of citywide street gardens.

o

o

o

o

o

o

Project Outcomes

= The 2,068 greenstreets citywide have added over 125 acres of green space to the
City — tens of thousands of shrubs, groundcover, and flowers. The green space has
markedly softened the streetscape environment.

= The addition of plant material helps clean the City of atmospheric pollutants and
moderates urban temperatures. In addition, it increases the space for wildlife
habitats and increases the beauty and property values of all New York City
neighborhoods.

= The Central Forestry and Horticulture Division receives dozens of requests for
greenstreets each year, coming from individuals, community groups, and politicians.

= About 40-50 sites are constructed or restored each year.

= A palette of hardy, pollution tolerant, and handsome plants has been developed
and refined. The greenstreets ‘formula’ is reproduced for small streets or street-
adjacent horticultural sites all over the City.

= DPR has developed a successful maintenance program, with a team in each
borough. The agency keeps detailed data on the maintenance program, including
data on soil moisture and frequency of watering, cleaning, pruning, mulching, and
number of times a site has been visited.

= DPR has developed a stewardship program that has recruited individuals and

groups throughout the City to help care for greenstreets.

The greenstreets program has helped DPR refine its contract specifications, so

that contractors must guarantee their plants for two years and must water the

same plants for two years.

= DPR now grows replacement plants for all its greenstreets that are no longer under
contract guarantee at the Arthur Ross Citywide Plant Nursery.

o
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EXAMPLE NEIGHBORHOOD GREEN CORRIDOR

Location:
Client:

South Bronx, New York

Design Funded by the National Oceanic

and Atmospheric Administration

To Be Determined

Signe Nielsen Landscape Architect PC; Gaia Institute;
Leonard Strandberg Associates; Sam Schwartz LLC

Completion Date:
Project Team:

The Neighborhood Green Corridor has the goal of transforming de-designated truck
routes into attractive pedestrian thoroughfares, while at the same time providing a
range of safety, environmental and health benefits, both locally and regionally. The
prototypical widened sidewalk will capture and infiltrate stormwater from up to a

ten-year storm in broad vegetated zones and deep soil buffers within the streetscape.

The Neighborhood Green Corridor is designed to meet all NYC DEP and DOT
requirements and is particularly well suited for areas of the City where changes in
land use from former industrial buildings to residential enable reduction in roadway
width.

Design development requires an integrated dialogue between ecology, hydrogeology,
civil and environmental engineering, and soil science. The aim of this approach is to
provide an innovative and cost-effective model for urban stormwater capture while

simultaneously creating a more attractive and healthful landscape for local residents.

TRENDS AND PRECEDENTS

Project Goals

o

o

o

o

o

o

o

o

o

Eliminate stormwater runoff from storms as large as a ten-year design storm.
Reduce impervious surface area.

Calm traffic and improve safety through narrowing the roadway.

Provide as much planting as possible within the widened sidewalk.

Provide pedestrian amenities including seating, bike racks, additional street lighting
and bollards at driveways.

Design to meet all DEP and DOT design standards and regulations.

Use low-maintenance, salt-tolerant native species that are adapted to both wet and
dry conditions.

Save money on stormwater infrastructure improvements.

Improve air quality through increased biomass.

Enhance quality of life for community residents.

Project Challenges

Accommodating driveways for truck access to remaining businesses along

the corridor.

Developing a solution for conditions where a significant longitudinal slope moves
water too quickly for effective infiltration and plant root uptake.

Selecting tree species that do not interfere with overhead utility lines.

Mitigating the concern expressed by public agencies regarding maintenance
and safety.

Project Outcomes

o

o

o

o

o

An engineered soil was developed that allows for surface recharge of storm water
using a gap graded stone and organic soil medium.

For streets with a gradient in excess of 5%, below grade check dams slow the flow
of stormwater to allow for greater infiltration and uptake of water by plant roots.

A broad range of woody and herbaceous native plants have been selected for their
tolerance of significant fluctuations in soil moisture. Wet tolerant species are located
on the downhill side where water will collect behind the check dams while dry
tolerant plants are located on the uphill side of the check dams.

Plant material was also selected for tolerance to de-icing salts as well as a
maximum height that, without pruning, will not become entangled in overhead
utility lines.

The hedgerow concept of planting within the widened sidewalk offers the
opportunity to separate a bikeway from slower speed pedestrian movement along
building faces. Periodic open joint pavers allow pedestrians to cross the planted
Zone.

Pedestrian experience is enhanced by buffering noise and visibility of traffic while
adding shade, improved air quality, and seasonal enjoyment of plantings.

When situated near schools or community centers, the planted zones can be
‘adopted’ for ongoing maintenance and educational purposes.
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EXAMPLE QUEENS PLAZA RECONSTRUCTION

Location: East River to the Tompson Van Dam Intersection, Long Island City, NY
Client: NYC Department of City Planning, NYC Economic Development Corporation
Completed: Design Completed in 2005; Implementation Pending Funding

Designer: Margie Ruddick Landscape Planning and Design

Project Cost: ~ $18-$22 Million

A team of designers, engineers, scientists, and artists is introducing a new landscape
at Queens Plaza, where the Queensboro Bridge sets down in Long Island City. The

team has conceived the site as an urban green machine; two new urban parks as well

as an overall greening of the massive urban infrastructure are included in the scope.
New structures will be designed to latch on to, cut through, build under, grow over,
and link vertically, in order to make use of interstitial spaces and underused sites.
Slivers of green, patchwork gardens, and strips of water retention, all working within

restructured patterns of movement, will reinvent the site, providing layers of vegetation

to clean air and stormwater and mitigate noise pollution.

The design presents a clear, simple, and buildable vocabulary that will enhance and
amplify what is most compelling about Queens Plaza - its industrial character and
history, the interweaving of its infrastructure, and the existing green systems of the

alley along Queensbridge Houses and the waterfront — while improving environmental

conditions, increasing the legibility of the landscape and streetscape, and reuniting
the Dutch Kills and Hunter’s Point Neighborhoods.

PART ONE ACHIEVING HIGH PERFORMANCE =  TRENDS AND PRECEDENTS

Project Goals

o

o

o

o

o

o

Improve the site’s legibility, accessibility, and connectivity.

Increasing public space for pedestrians and bikers.

Treat and celebrate the area’s infrastructure.

Dramatically green the area to create a series of useful and beautiful places for
relaxation, recreation, and circulation.

Create a streetscape environment that emphasizes rhythm and continuity to
ameliorate the chaotic existing conditions.

Transform this gateway to Queens and Long Island City with an overall artistic and
environmental design.

Project Challenges

o

Massive site infrastructure consists of up to 14 lanes of traffic, multiple subway
lines including the convergence of two elevated subway structures, and the landing
of the Queensboro Bridge and associated ramp structures.

Extensive network of utility lines and existing structural footings create conflicts for
water management and greening strategies.

Concern by City agencies over increased maintenance needs.

Multiple agency approvals and jurisdictions.

Project Outcomes

o

o

o

o

o

o

o

A system of local water retention planting strips will visibly collect surface
stormwater from major public spaces as well as mitigate stormwater outfalls from
elevated subway stations and the Queensboro Bridge that currently empty into the
street and contribute to flooding and erosion.

The main site-wide pavement strategy plans to use light colored high albedo
asphalt aggregates, recycled asphalt from roadway reconstruction, and reused
demolition material for the sub-base.

Tree, shrub, and grass species have been selected to reference historical
landscape types such as wetland and upland conditions that were common to

the area before development; all plants are also selected for drought, salt, and
pollution tolerance.

Vegetated berms are used to separate pedestrians and bikers from traffic lanes to
reduce exposure to noise and air pollution as well as to clarify points of crossing.
A bike lane is planned from the landing of the Queensboro Bridge bike lane to
connect both east and west to existing and future bike lanes and greenways.
Existing elevated structures will be highlighted with light and mesh scrims to define
the streetscape as a cohesive space, transforming an otherwise negative piece of
urban infrastructure into an icon to be celebrated.

Vertical axis wind turbines are being considered for the East River Waterfront as
well as along the viaduct above Sunnyside Yards, where wind may help to generate
a small amount of electricity to power streetscape lighting.

Community groups are actively participating in the planning and design process.
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IMPLEMENTATION
BARRIERS

A number of institutional constraints pose challenges to the process of mainstreaming
high performance infrastructure practices:

PART ONE ACHIEVING HIGH PERFORMANCE =  IMPLEMENTATION

Lack of ‘integrated’ asset management: Roadway improvements, tree planting, storm
water management, and utility trenching are often conceived, budgeted, and
executed in isolation from each other, with separate agency priorities and often
contradictory mandates. Utility companies, private development, and public agencies
that narrowly perceive their own mission make it difficult for cities to obtain the long-
term synergies and economies of integrated right-of-way design. Worse still, this leads
to frequent doing, undoing and redoing of right-of-way work.

Difficulty funding incremental first cost: Appropriate planning and budgeting mechanisms
must be created to encourage and underwrite citywide implementation of high
performance infrastructure practices. The high cost of capital makes any funding
increases challenging to obtain. Creative financing for streetscape improvements
should be considered, including shared public/private capital funding. Partnering
mechanisms should be developed to encourage local voluntary groups to accept
stewardship of low-risk improvements and limited responsibility/liability for
maintenance. To affect this, cities should consider a tiered system of ‘shared’
maintenance agreements.

Difficulty funding additional maintenance costs: Some BMPs may require routine
preventative maintenance to remain effective, particularly those that integrate with
natural systems. For most governments, necessary expense budget funds are the
scarcest. Nonetheless, lifecycle cost analysis factoring in the environmental and social
benefits of long-term upkeep will reveal the economic efficacy of proper streetscape
maintenance.

Perception of risk and lack of local precedent: The uniqueness or perceived complexity of
a non-conventional system may be viewed as a liability. Because of relatively limited
data on successful high performance infrastructure projects, many strategies may be
easily dismissed as unproven or too costly. NYC is increasing the pace and scope of
its infrastructure pilot projects to demonstrate the feasibility of many strategies.3!

Learning curve for the construction industry: Knowledge of environmentally progressive
design and construction strategies is not sufficiently widespread among design and
construction firms to optimize the right-of-way design on a consistent basis.

3L as part of the development of the Guidelines, the Design Trust and DDC held a forum on March 11, 2004
to share information on progressive infrastructure initiatives in the region.

OPPORTUNITIES

New York City's revitalized neighborhoods and business communities are indicators
of its economic health. Several ambitious redevelopment projects in progress
demonstrate an emerging trend towards mixed-use, pedestrian-oriented planning,
including:

= Restoration and enhancement of lower Manhattan.

= Implementation of a vision for Hudson Yards on Manhattan’s west side.

= Streetscape improvements and economic development initiatives along the entire
125th Street corridor in Harlem.

= Redevelopments of Governors Island and the Brooklyn waterfront in the East River.

= Strengthening of regional business districts in downtown Brooklyn, Jamaica,
Flushing, and Long Island City.

These large-scale investments represent an unprecedented opportunity to
comprehensively upgrade the right-of-way using high performance best practices,
thereby promoting environmental, social and economic benefits for significant areas
of the City.

As the City adopts sustainability and high performance as a core management outlook
for its construction, planning, and economic development agencies, it will increasingly
need to draw upon the collective intelligence of agency leadership, the real estate
development sector, and the local professional community to employ innovative
solutions holistically across all public and private construction programs.

Public works account for a large percentage of the metropolitan region’s construction
economy. As a significant consumer of technical services, the Department of

Design and Construction will help accelerate the introduction of high performance
infrastructure practices, while growing the market for competitively-priced,
environmentally sound products. Thus, from an economic development standpoint,
proficiency with high performance concepts, technologies, materials and procedures
will help ensure the New York City construction industry’s continuing prominence in
global markets.

Through use of this manual as a policy instrument, the City can encourage residential
and commercial developers to undertake high performance objectives as an integral
component of New York's real estate renaissance. Each of the major public/private
initiatives mentioned above represents an unprecedented opportunity to undertake
integrated planning, execute best practices, and develop exceptional designs. These
projects will become models for high performance infrastructure and urban design
excellence in the future.
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THE PUBLIC RIGHT-OF-WAY
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DESCRIPTION OF EXISTING PROCESS

The design and construction of New York City’s infrastructure projects requires extensive Typical infrastructure capital project types

coordination among multiple City agencies and other entities that own, lease, operate Projects with minimal impact or need for coordination:

or maintain utilities in the right-of-way. Infrastructure spending comprises the largest = Resurfacing Projects

percentage of the City’s capital expenditures, in all totaling 57% of all allocations in = Pedestrian Ramp Projects

the Mayor’s current Ten Year Capital Improvement Plan. In Fiscal Year 2003, DDC = Sidewalk Reconstruction Projects

managed a portfolio of over $2.18 billion worth of infrastructure capital projects. = Miscellaneous Structural Work (Retaining walls, bulkheads, step streets)
Infrastructure spending is primarily allocated to the Department of Transportation Projects with considerable impact and need for coordination:

(DOT) and the Department of Environmental Protection (DEP), with DOT managing = Sewer/Water Main Installation or Rehabilitation

much of the City’s transportation infrastructure — streets, highways, sidewalks and s Emergency Repair Work

bridges, street signs, traffic signals and street lighting — and DEP managing the s Roadway Reconstruction Projects (typically includes utilities, pavement,
City's water supply, watershed protection, wastewater management, noise, and curb, sidewalks, street lighting, traffic signals, and fire alarms).

hazardous materials. Other New York City agencies involved in infrastructure projects
include the Department of City Planning (DCP) and the Department of Parks &
Recreation. All of these agencies are considered ‘client agencies’ of the Department Preliminary Design Investigation
of Design and Construction, which is mandated by the City charter to provide
design and construction services for all of the City’s capital improvement projects.

The Preliminary Design Investigation (PDI) phase has two components:

1) data collection and analysis, and

This section is divided into three parts. The first outlines the current process of . . )
2) schematic geometric design.

executing capital infrastructure projects, which occurs in three phases: 1) capital
planning and project initiation, 2) preliminary design investigation, and 3) final Small and uncomplicated projects —about 25 to 30% of DDC’s projects — may bypass
design. The second part discusses ‘Near-Term High Performance Objectives,” which the PDI phase and move directly to Final Design.

can be realized immediately by augmenting the existing City processes. The third . .

section discusses ‘Longer-term High Performance Objectives,” which may require Data Collection and Analysis

broad consensus among stakeholders and public officials to attain administrative and = Topographic and utility surveys: Production of base, topographic, and utility

process changes to the infrastructure management process, as well as the introduction location drawings.

of alternative financing mechanisms. The near-term and longer-term objectives share ~ © Traffic counts and studies: Assessment of present level of service and accident

a common requirement: for the City to maximize benefits, high performance practices analysis. Analysis of the need for, and impact of, comprehensive intersection

must be scoped, planned, budgeted for, and coordinated in an interagency context as controls, traffic calming measures, lane reconfigurations, and street geometry

early as possible, and must be continually refined throughout the entire process. changes. Recommendations made to the DOT for accident mitigation measures
and traffic.

Capital Planning and Project Initiation o |Investigation of Street Elements: Investigation of the condition of pavement,

DDC’s client agencies develop ten-year Capital Improvement Plans that prioritize curbs, traffic markings, etc. Causal determination of any existing deterioration.

potential capital projects based on the agency’s assessment of current inventories, Confirmation or modification of CPI work proposal.

maintenance requirements, census and demographic data, complaint history, = Concerns and Requirements: Consideration of needs of other agencies owning or

community board requests, environmental conditions, and mandates. City operating facilities within the right-of-way, as well as the community board.

agencies are then allocated an annual discretionary budget with which they @ Tree Inventories.

are authorized to develop and fund priority capital projects; larger projects with N Ma_nhole and C_atch Basin Inventories.

individual budgets exceeding $5 million are subject to interim review by the Office @ Soils Investigation.

of Management and Budget (OMB), which ultimately authorizes project funding. Schematic Geometric Design

Once client agencies have identified a need for service, they demarcate the limits of the ~ © Favement Design: Layout of roadway using AASHTO and other design methods,

project, prepare a project scope with identified funding lines, and submit it to the DDC based on available soil sup.port, trafflg conq!t|ons, presence of utilities and other
as the Capital Project Initiation (CPI) report. Close coordination is often required between urban elements, and durapon of serw@eablllty.

the DOT and the DEP in order to prepare the CPl document. DDC reviews the CPI, » Impact Assessments: Prgl!m|nary Environmental Impact Assessment,

ensuring a valid scope of work, resolving any uncertainties regarding project limits, and Tree Assessment, and Ultility Assessment

suggesting necessary modifications.
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Several alternate geometric designs are developed and analyzed for social, economic,
and environmental impacts. The designs must safely accommodate the projected
traffic volumes for the specified time duration and level of service.

If it is determined that a project will result in environmental impact, a review process
must be undertaken, beginning with the preparation of the New York State-mandated
Environmental Assessment Statement (EAS). If the EAS determines the possibility

of significant impact, a more in depth Environmental Impact Statement (EIS)

must be prepared and reviewed by relevant parties. The EIS discusses a project’s
environmental and social impacts, considers alternative solutions, and determines
appropriate mitigation measures. The EIS analyzes land use, natural resources, water
quality, ecology, habitat, economic context, historic and archaeological significance,
infrastructure and energy, hazardous materials, noise and traffic, and economics.
Once the EIS is approved, the project typically proceeds.

At the conclusion of the PDI and environmental review process, a specific design,
and any necessary mitigation measures, are recommended and presented to the local
community board. Once the PDI is completed and approved, a reference document
containing a project narrative, drawings, and analysis is prepared and the project
proceeds to Final Design.

Final Design

In Final Design, conceptual decisions made during the PDI are fully detailed

and coordinated with other right-of-way stakeholders. Construction drawings are
developed for roadway alignment, grading, sewer and water main design, street
drainage, and any additional work. Several mailings are sent out and meetings
conducted with stakeholders to ensure appropriate coordination, design and
construction. An alignment meeting is held with private utility companies to identify
and resolve utility interferences, and cost-sharing arrangements are made between
the City and utilities. Plans, cost estimates and specifications for bidding are
developed. Final review by relevant agencies, utilities, the Art Commission and the
Landmark Commission is undertaken.

Once all coordination issues are resolved, the final scoping, cost estimate, and
specifications are prepared and reviewed by the Office of Management and Budget
(OMB) and DDC’s legal department. After approval, OMB issues a Certificate to
Proceed (CP), which allows the City Comptroller to register the project and furnish
capital funding. After contract documents are finalized, a contractor is selected in an
open competitive bid. Permits are obtained and construction work may begin.

PART TWO CITY PROCESS ‘NEAR-TERM’ HIGH PERFORMANCE OBJECTIVES

‘NEAR-TERM’ HIGH PERFORMANCE OBJECTIVES

Capital Planning and Project Initiation

Include executing agencies in CIP planning process: Improve mechanisms to coordinate
asset management data, and utilize the perspective and expertise of DDC to assist the
client agency decision-makers in incorporating high performance objectives into the
Ten Year Capital Improvement Program (CIP) planning process.

Initiate pilot projects: Undertake pilot projects to evaluate whether emerging
technologies or best management practices meet New York City’s stringent
performance requirements. Develop monitoring criteria to quantify performance of
pilot projects. Pilot projects may be initiated at the client agency or DDC level.

Prepare a High Performance Matrix:3* Utilize a relational database for each project as the
primary consensus document for recording and tracking decisions. Use of the matrix
during budgeting, scoping, planning and design will facilitate collaboration among
City agencies and will ensure that consideration of high performance objectives is
fully integrated into the infrastructure production process. Use of the matrix provides
a legacy document that tracks emerging practices, monitors research efforts, and
eventually leads to the full implementation of best practices.

Adequately budget to design and build high performance projects: The development of high
performance projects may require the provision of additional technical and consultant
expertise, testing, or specialized construction practices in order to maximize benefits,
so it is crucial to budget accordingly. Where projects involve interagency collaboration,
ensure adequate inter-fund agreement (IFA) time is budgeted at each agency.

Plan and budget for maintenance and monitoring: Coordinate with maintenance divisions
within the client agency to ensure provision of appropriate levels of funding for post-
construction monitoring, preventative maintenance, corrective maintenance, and
periodic condition assessment. Consider using a ‘progress payment schedule’ to
ensure contractors comply with special requirements.

Preliminary Design Investigation

Augment data collection and analysis with the following BMPs:

s Assess Site and High Performance Opportunities. (SA.1)

= Conduct Soil Analysis. (SA.2)

= Conduct Hydrologic and Hydraulic Analysis. (SA.3)

o Survey Existing Vegetation. (SA.4)

= Work with Community Groups to Enhance and Maintain Streetscape. ($S.1)

Identify and prioritize high performance objectives in the kickoff meeting: Establish and
prioritize high performance objectives concurrently with determining project goals,
budget, scope, and schedule.

Incorporate high performance measures into geometric design alternatives.

32 See “Assess Site and High Performance Opportunitites” (SA.1) for more details.
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Prepare a preliminary high performance memorandum: Analyze the environmental,
social, and economic benefits of each BMP alternative, and present as part of
the PDI report.

Final Design

Finalize the high performance memorandum: Prepare a narrative describing how the project
addresses key high performance criteria established during preliminary design. The
memorandum ensures communication about, and fulfillment of, the project’s goals for
high performance. Distribute memorandum as part of the initial mass mailing.

Discuss and coordinate high performance practices with stakeholders: Discuss at the
alignment meeting and other meetings and review forums.

Develop specifications, cost estimates, drawings and other relevant materials to implement high
performance practices.

Ensure that the contract drawings and specifications comply with high performance objectives.

‘LONGER-TERM’ HIGH PERFORMANCE OBJECTIVES

Capital Planning and Project Initiation

Utilize high performance criteria to identify and prioritize CIP projects: During the CIP process,
prioritize projects that will provide the greatest environmental, social and economic
benefits to the agency and the City. Analyze quality of service, synergy with other local
projects, ability to reduce infrastructure loads or increase lifecycle, reduction of long-
term maintenance, and opportunity to measure efficacy of experimental BMPs.

Achieve integrated infrastructure planning and implementation: Use interdisciplinary
integrated design management approaches, consider pooling agency fiscal resources
and co-sponsoring projects, and encourage public dialogue and partnership to
maximize benefits.

Conduct coordinated asset management: Improve existing asset management processes to
provide for more systematic, cost-effective, and environmentally sound management
of right-of-way infrastructure components. Enhanced and coordinated asset
management will result in extended infrastructure lifecycles, improved performance,
more consistent levels of service, and better investment returns.33

Develop a secure system for shared information management: Link existing databases and
geographic information systems (GIS) to monitor, evaluate, and make decisions
about adjacent road, sewer, and water systems. Coordinate with other available data,
including complaint reports, customer service records, maintenance data, financial
and budgetary data, and condition assessment ratings. Update the data management
plan periodically to reflect new needs and opportunities.

33 The Canadian National Guide to Sustainable Municipal Infrastructure states that the goal of coordinated

asset management is to ‘spend the right amount of money, on the right things, at the right time, while
minimizing economic, social and environmental costs.’

‘LONGER-TERM’ HIGH PERFORMANCE OBJECTIVES

Expand the current condition assessment system to rate the condition and deterioration of
each infrastructure asset, forecast its future performance, and assess the risk and
benefits of different maintenance and upgrade scenarios. Use data to determine
infrastructure renewal priorities and set benchmarks for improved performance.

Create infrastructure improvement districts: Based on economic, ecological and social
criteria, coordinate among agencies to develop plans for comprehensive local
infrastructure improvements. Develop partnerships with local community boards,
business improvement districts, block associations, and streetscape gardening
groups.

Develop a citywide high performance infrastructure master plan: Encourage innovative
practices for citywide infrastructure management by developing a master plan that
integrates the following objectives:

= Open space and habitat preservation or rehabilitation.

= Citywide landscape planning.

= Urban heat island mitigation.

= Air and water quality improvement objectives.

s Combined sewer overflow elimination.

= Watershed-based, land-use and stormwater management planning.
= Pedestrian, bicycling, and surface mass-transit initiatives.

= Traffic calming or traffic management initiatives.

= Economic development and city planning objectives.

Preliminary Design Investigation

Perform lifecycle cost analysis (LCCA): Use lifecycle cost analysis in coordination with
the high performance matrix to select the most cost-effective and environmentally
beneficial methods of infrastructure rehabilitation. According to the Federal
Transportation Equity Act for the 21st Century (TEA-21), LCCA is “a process for
evaluating the total economic worth of a usable project segment by analyzing initial
costs and discounted future costs, such as maintenance, user, reconstruction,
rehabilitation, restoring and resurfacing costs, over the life of the project segment.”
Analyzing lifecycle costs is essential to achieving long-term goals for sustainability.

Final Design

Conduct a high performance workshop: At start of final design phase convene a meeting
among DDC, client agencies, and consultants to implement high performance
objectives. DDC may propose raising goals or pursuing alternative practices to meet
the high performance objectives. The high performance matrix will be edited and
distributed to all attendees as the final design ‘High Performance Report’. Conduct
a second workshop at the completion of the 75% contract documents to ensure
compliance with, and coordination of, high performance strategies.
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SA.1

ASSESS SITE AND
HIGH PERFORMANCE
OPPORTUNITIES

OBJECTIVE

Assess the site and determine opportunities for implementing High Performance
best management practices (BMPs) in the planning, design and construction of
ROW projects.

BENEFITS

Improves environmental performance of infrastructure.
Improves public health, safety, and quality of life.
Optimizes municipal infrastructure investments.
Potentially reduces construction and operations costs.
Potentially reduces waste.

LIMITATIONS

— Increases need for up front coordination and potentially cost.
— Ineffective without coordination among various City agencies responsible for urban
redevelopment and infrastructure construction.

INTEGRATION

+ + + + +

o SA.2 Conduct Soil Analysis

= SA.3 Conduct Hydrologic and Hydraulic Analysis

= SA4  Survey Existing Vegetation

= §S.1  Work with Community Groups to Enhance and Maintain Streetscape
= §8.5 Increase and Improve Right-of-Way Public Space and Green Areas
= SM.1  Conduct Integrated Stormwater Management Planning

= LA.1  Optimize Citywide Landscape Planning

SITE ASSESSMENT = SA.1 ASSESS SITE AND HIGH PERFORMANCE OPPORTUNITIES

TECHNICAL STRATEGIES

Gather and analyze information about the site:

= Conduct workshops, interviews and surveys to gain perspective of community. (S.1)

= Conduct on-site observations of user behavior and activities.

= Determine daily traffic counts and average travel speed.

= Document adjacent buildings, structures, and landforms and their effect on solar
access and prevailing winds.

= Consider using time lapse filming or documentary photography.

= Incorporate data from site analysis into a citywide geographic information system
(GIS) database that is coordinated with existing GIS information.

= Conduct soil analysis. (SA.2)

= Conduct hydrologic and hydraulic analysis. (SA.3)

= Survey existing vegetation. (SA.4)

Consider the proximity of the site to features that could reduce the need for,
cost or impact of construction.
= Assess availability of existing materials that could be recycled or reused. (PA. 6)
= Assess alternative building scenarios for environmental, social and
economic benefits.
= Assess possibilities for promoting local, sustainable urban ecology.

Develop and utilize a ‘high performance matrix’: Utilize a relational database for each

major infrastructure project as an information management tool to coordinate

the efforts of various participants in creating a high performance design.

= Utilize the matrix to analyze high performance design opportunities, site
conditions, operations and maintenance considerations, and other feasibility
issues.

= Utilize the matrix to facilitate communication and decision-making among diverse
project participants. Record and track decisions.

= Use lifecycle analysis to determine the cost-effectiveness of competing options.

= Use the matrix as a legacy document to enhance knowledge gain, track emerging
practices, monitor research efforts, and aid in future implementation of best
practices.

= Use the matrix to help educate and motivate infrastructure planners regarding the
possibilities of high performance design.

Plan and budget appropriately to accomplish and maintain high performance objectives.
See individual BMPs for details.

Seek to minimize noise and disruption to the community. (CP.5)

Work with community groups to enhance and maintain streetscape. (SS.1)
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EXAMPLE

The New York Metropolitan Transportation Authority, in collaboration with DMJM
Harris and Arup, developed a sophisticated information management tool known as
the “design for the environment” matrix to guide the preliminary design phase for the
proposed Second Avenue Subway project. The matrix enabled hundreds of industry
consultants and City stakeholders to work simultaneously at analyzing sustainable
design opportunities, site conditions, operations and maintenance considerations,
and other feasibility issues. The matrix facilitated and tracked communications and
decision-making among a diverse group of participants. In the process, the matrix
helped to educate and motivate infrastructure planners regarding the possibilities of
high performance design. The result of the “design for the environment” endeavor
was the creation of an innovative, cost-effective, and sustainable plan for the
proposed subway expansion. The process is an impressive model for the planning of
high performance infrastructure projects in the future.

REFERENCES

Metropolitan Transportation Authority
Second Avenue Subway Documents and Presentations Webpage
http://www.mta.nyc.ny.us/capconstr/sas/sas documents.htm
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SA.2
CONDUCT SOIL
ANALYSIS

OBJECTIVE

During the preliminary design investigation, perform appropriate soil tests
corresponding to BMP strategies. Different tests are necessary to ascertain planning
and design responses as well as cost implications for

a) landscape,

b) stormwater management, and

¢) susceptibility to erosion.

Assess soil test results for each category of BMPs and develop a comprehensive
report that makes recommendations for proposed strategies.

BENEFITS

+ Aids in determining landscape and stormwater management design strategies and
budgets early in the design process.

+ Reduces the long-term need for fertilizers and maintenance.

+ Predicts costs associated with on-site soil remediation, soil amendments, soil
importation and excavation.

+ Minimizes environmental impact and costs associated with transporting and
introducing imported topsoil or fill.

+ Aids in determining appropriate plant palette for revegetation.

+ Helps identify fragile soils and set limits on the use of heavy equipment, reducing
soil disturbance.

+ Reduces risk of slope failure, erosion and siltation, and protects water bodies from
sediment loading.

LIMITATIONS

— Soil tests add up-front cost to project.

SITE ASSESSMENT = SA.2 CONDUCT SOIL ANALYSIS

INTEGRATION

= SA4 Conduct Hydrologic and Hydraulic Analysis

= SA.4  Survey Existing Vegetation

= PA4 Use Pervious Pavements

= SM.3  Minimize Runoff from New Building Construction and Major Renovations
= SM.4 Optimize Right-of-Way Drainage

= SM.5 Use Vegetated Filters and Buffer Strips

= SM.9 Use Infiltration Structures

o SM.10 Use Bioretention
o SM.11 Use Constructed Wetlands

= LA.2 Encourage Ecological Connectivity and Habitat

o LA.3  Create Absorbent Landscapes

= LA4  Use Structural Soils Where Appropriate

= LA5 Amend Existing Soils

= LA6  Perform Soil Berming

= LA.T Increase the Quantity, Density and Diversity of Trees

= LA.12 Use Low-maintenance, Salt-tolerant, Native or Naturalized Species

= LA.13 Use Water-efficient Landscape Design

= LA.14 Use Biointensive Integrated Pest Management

o LA.15 Use Biotope-based Plant Arrangement Along Shade-Light Continuum
o CP2 Protect Existing and Future Planted Areas

o CP3 Protect Water Sources During Construction

TECHNICAL STRATEGIES

Planning

Develop a consistent testing and reporting protocol:

= Coordinate with testing laboratories prior to obtaining test reports.

= Request testing laboratory to compare test results with relevant ASTM standards
and NYS DEC (or USEPA) standards.

= Prepare detailed logs for each test site showing locations, depth of test, soil
descriptions, depth to water and bedrock, presence of stratification, testing
standards and methods.

= Develop a comprehensive soils report that makes recommendations for each
category of BMP.

Conduct tests for planting soils: Perform soil tests to determine nutrient levels, soil
reaction, biologic composition and possible contaminants. These tests should be
conducted by a qualified geotechnical engineer or soils scientist licensed in the State
of New York. Tests should include the following:
= Chemical tests: Examine particle size analysis compared to USDA Soil Classification
System per ASTM D422 (hydrometer test) or ASTM F1632 (pipette test). Silt
and clay content to be determined on soil passing #270 sieve. Test for hydraulic
conductivity per ASTM F1815. Determine amounts of nitrate, ammonium, nitrite,
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phosphorous, potassium, calcium, magnesium, iron, manganese, zinc, Copper,
soluble salts, cation exchange capacity and pH.

Biological tests: Obtain active bacterial biomass, total bacterial biomass, active fungal
biomass, total fungal biomass, protozoa content, nematode count and hyphal
diameter. |dentify organic content by Ash Burn Test or Walkley/Black Test per
ASTM F1647.

Contamination tests: Test for molybdenum, aluminum, boron, lead, selenium,
mercury, chromium, cadmium and PCB'’s, petroleum distillates and hydrocarbons
in accordance with the testing methods of NYS DEC.

Drainage rate test: Test for soil drainage rate using the hydrometer test or combined
hydrometer and wetsieving method in accordance with ASTM D 422. Use this as a
guide to measure pre- and post-construction drainage rates to allow attribution of
responsibility for worsened conditions as a result of construction disturbance.

o

o

o

Tests For Landscape Health

Determine best strategy for planting soils: Suitable in-situ soils are those that fall within the

following ranges without amendments:

= Soil: Sandy loam per USDA classification, ASTM D 422 or ASTM F 1632.

= Qrganic content: 3% minimum.

= Hydraulic conductivity: no less than 3 inches per hour.

s PH: 5.0-6.5+/- 0.5.

= Soluble salt content: 0.08-0.50 mmhos/cm (dS/m).

= Carbon nitrogen ratio: 10:1 to 25:1.

= Contaminants: within NYSCEC or USEPA limits of acceptability for proposed site use.

= If in situ soils do not fall within these ranges, determine if they can be amended. (LA.5)

= Determine appropriate planting palette based on test results to minimize
importation of amendments or new soil.

Tests For Stormwater Management

Perform tests for stormwater management design: Determine the site’s suitability for
stormwater management BMPs by taking soil borings to at least 5 to 10 feet below
the underside of the proposed BMP. Take enough borings to obtain a comprehensive
understanding of soil conditions surrounding the proposed BMP. Tests should include
the following:

= Standard penetration testing (SPT): Test every 2’ to a depth of 5" below the BMP bottom.
= Soil classification: Determine USDA or USC soil classification at the proposed facility
bottom and 4’ below the bottom.

Groundwater depth test: Determine the depth to the groundwater table upon initial
testing and then again after 24 hours.

Bedrock depth test.

Soil gradation tests: Perform enough tests to characterize soil strata across the entire
facility. Conduct at least one soil gradation test per soil stratum. Describe all

soil horizons.

Contamination tests: Ensure that soil is not contaminated.

Organic content and cation exchange capacity (CEC) tests: Ensure sufficiency of
soil organic content and cation exchange capacity (CEC) to treat polluted runoff.

o

u]

o

o

u]

= |nfiltration tests and evaluation (see next section).
= See individual BMPs for more details.

Determine if site is suitable for infiltration practices: Based on stormwater and hydrologic
tests, ensure the site meets the following criteria for design of infiltration practices:

= Minimum infiltration rate of 0.5 inches per hour.

= Able to exfiltrate design storm water volume completely in time for the next storm,
preferably within 24 hours.

Sufficient organic content and cation exchange capacity (CEC).

= No contaminated soils.

Sub-grade maintains structural stability with extended saturation or head loading.
Sufficient clearance from the groundwater table, bedrock or impermeable

soil layers.

Sufficient clearance from building foundations, roads, subsurface infrastructure,
drinking water wells, septic tanks or drain fields.

= Will not impact sensitive aquifers or violate groundwater quality standards.

s See “Use Infiltration Structures” (SM.9) and “Use Bioretention” (SM.10) for more details.

o

o

o

o

Coordinate results of stormwater management and infiltration testing with hydrologic and hydraulic
analysis. (SA.3)

Tests For Erosion Prevention

Perform tests for susceptibility to erosion: Determine if any soils on site that are anticipated

to be stripped, relocated or reused as fill are susceptible to erosion from natural

forces. Tests should include the following:

= Pinhole dispersion test: Determine colloidal erosion tendencies of fine grained
cohesive soils (clays) in accordance with ASTM D 4647 ‘Standard Method for
Identification and Classification of Dispersive Clay Soils by the Pinhole Test'.

= Crumb test: Determine field performance of dispersive soils.

= US Soil Conservation Service dispersion test: |dentify types and extent of dispersive clays.

= Universal soil loss equation: Use as a measure to predict erosion potential.

Determine strategies for erosion control during and post construction:

= Pinhole dispersion test results: Cloudy soil specimens indicate a likelihood of erosion.
= Crumb test results:

Soils registering readings of 3 or 4 indicate a high likelihood of erosion.

US SCS test results: Rates in excess of 50% indicate a significant likelihood of erosion.
Measure change in surface water quality before, during and after construction to
monitor efficacy of erosion control devices. Perform corrective action if evidence of
turbidity in excess of pre-disturbance condition.

Soils that exhibit a low susceptibility to erosion are suitable for creating on site
berms and may also be suitable as planting soil depending on other test results.
Timing of earthwork should be coordinated with optimum planting seasons to
establish a vegetated cover to avoid erosion and sedimentation.

Soils that exhibit a moderate susceptibility to erosion may also be suitable for on
site reuse but should be immediately covered with a biodegradable erosion control
blanket until such time as a vegetated cover becomes well established.

o

o

o

o
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EXAMPLE

Battery Park City, built completely on granular fill, must import planting soils for
its new landscape projects. All landscape projects since 1992 require testing of
imported, manufactured planting soils to meet specific soil characteristics using
procedures cited in this BMP. The results, now proven in 90% of all its parkland
(32 acres) are soils that are self-sustaining and require no chemical fertilizer
applications.

REFERENGES

American Society for Testing and Materials

‘Dispersive Clays, Related Piping and Erosion in Geotechnical Engineering Projects’
ASTM Special Technical Publication

No. 623, May 1997

City of Seattle
Flow Control Technical Requirements Manual. 2000
http://www.ci.seattle.wa.us/dclu/Codes/dr/DR2000-16.pdf

Clean Water Campaign
‘Step 2: Soil Analysis’
In What Can | Do?

Forest Hills Station — Queens, NY
New landscaping for historic LIRR station required soil tests to determine type of soil conditioning

required prior to selecting plants and writing specifications. Atlanta, GA
http.//www.cleanwatercampaign.com/what can_i_do/xeriscape2.html
= Soils that exhibit a high susceptibility to erosion should, ideally, not be disturbed. Clearwater Landscape Design
They are likely to have a very poor bearing capacity as well as being very poor Soil’ In Maintenance
candidates for infiltration BMPs and cannot be amended for use as planting soils Priest River, Idaho
without significant cost of imported amendments. http.//clearwaterlandscapes.com/soil.htm
Design Craul, Philip J.
Use soil tes‘t dat‘a and assgssmgnt to aidlin the fnllowing activities: “;t;f\?ofﬁ'ljmav\r;ﬁz;?;ﬂz [;isnlsnlnc., 1992
= Determination of suitability of soils for planting. . 341-351
= Design of berms. (LA.6, SM.10, SM.11)
= Selection of plant material. (LA.10 to LA.15) Maryland Department of the Environment
o Selection of soil amendments to produce viable growing medium. (LA.5) Maryland Stormwater Design Manual
Seek to reduce long-term needs for fertilization and maintenance. (LA.12, LA.14) Baltimore: MDOE, 2000 _ o
o |dentification of construction protection zones. (CP.1) http://www.mde.state.md.us/Programs/WaterPrograms/SedimentandStormwater/ stormwater design/index.asp
= Hydrologic and hydraulic analysis. (SA.3) Musick, Mark and Howard Stenn
= Design of stormwater management BMPs. (SM.5 to SM.11) ‘Best Management Practices for Post-Construction Soils’
@ Selection of in-situ soil remediation strategy. (LA5) Biocycle: Journal of Composting and Organics Recycling
Vol. 45, No. 2

Incorporate data from soil analysis into a citywide geographic information system (GIS) database

that is coordinated with existing geologic information. February 2004, p. 29

http://www.jgpress.com/archives/ free/000103.html




New Jersey Department of Environmental Protection

New Jersey Stormwater Best Management Practices Manual
Trenton: NJDEP, 2004
http://www.njstormwater.org/bmp_manual2.htm

New York State Department of Environmental Conservation

New York State Stormwater Management Design Manual

Albany: NYDEC, 2001
http.//www.dec.state.ny.us/website/dow/swmanual/swmanual.html

Oklahoma Conservation Commission
Erosion Control and Abatement Practices
By Gerald Miller and Joakim Laguros 1999

Saint John's River Water Management District

‘Obtain a Soil Analysis’

In Waterwise Florida Landscapes
http://sjr.state.fl.us/programs/outreach/conservation/landscape/principle2.html

Soil Testing Offers Multiple Advantages
http.//www.css.cornell.edu/extension/CornellGuidepdfFiles/ Field Crop.pp 24.pdf

Urban, James
Soils and Fertility — Bringing Order to the Technical Dysfunction Within the Urban Forest
http://www.mntca.org/Refernce _manual/soils _and_fertility.htm

West Experiment Station, University of Massachusetts
Soil and Plant Testing Laboratory

Results and Interpretation of Soil Tests

University of Massachusetts
http.//www.umass.edu/plsoils/soiltest/factsheets
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SA.3

CONDUCT HYDROLOGIC
AND HYDRAULIC
ANALYSIS

OBJECTIVE

Conduct hydrologic and hydraulic analysis of the site’s existing and proposed
conditions to determine stormwater management needs and high performance
opportunities. Based on the analysis, design projects to minimize stormwater runoff
and incorporate best management practices.

BENEFITS

+ Could enable downsizing stormwater infrastructure, resulting in capital cost
savings.

+ Helps prevent unexpected flooding and downstream impact.

+ Helps optimize onsite stormwater management, resulting in reduced runoff and
combined sewer overflows, and improved water quality and hydrology.

LIMITATIONS

— Adds up-front cost to projects.

BACKGROUND

Hydrology is the science that studies the “source, properties, distribution, and laws
of water as it moves through its closed cycle on the earth (the hydrologic cycle).”
Hydrologic analysis addresses and quantifies the “movement of rainfall over a defined
piece of land in the form of stormwater runoff.” Hydraulic analysis addresses and
quantifies the movement of water through engineered structures.3*

34 Definition from Washington State Department of Ecology.

INTEGRATION

= SA.2 Conduct Soil Analysis

= PA4 Use Pervious Pavements

= SM.1  Conduct Integrated Stormwater Management Planning

= SM.3  Minimize Runoff from New Building Construction and Major Renovations
= SM.4 Optimize Right-of-Way Drainage

= SM.5 Use Vegetated Filters and Buffer Strips

= SM.6  Use Catch Basin Inserts

o SM.7T  Use Water Quality Inlets

= SM.8  Use Detention Structures

= SM.9 Use Infiltration Structures

= SM.10 Use Bioretention

= SM.11 Use Constructed Wetlands

= LA3  Create Absorbent Landscapes

= GP3 Protect Water Sources During Construction

TECHNICAL STRATEGIES

Perform a preliminary site evaluation:

= Conduct soil analysis. (SA.2)

= Analyze site history. Determine history of flooding, erosion, channelization, siltation,
and sedimentation.

= Analyze site topography, vegetation, and urban context. (SA.1, SA.4)

= Consider the general feasibility and suitability of the site for best management
practices.

Use a calibrated continuous simulation hydrologic model: For the design of stormwater
management BMPs for major projects, use a calibrated continuous simulation
hydrologic model based on EPA’'s Hydrologic Simulation Program-Fortran (HSPF), or
best available technology.®

Analyze existing and proposed conditions: Analyze the following considerations, among

others, across the entire site and drainage watershed:

= Runoff volumes, velocities, and rates.

Patterns of water inflows and drainage outflows.

= Time of stormwater concentrations.

= Water surface elevations.

= Capacity and performance of existing stormwater infrastructure, including overflow
and bypass infrastructure.

o Existing and potential downstream impacts from site runoff, including flooding,
erosion, channelization, siltation, and sedimentation.

o

35 According to the Washington State Department of Ecology, continuous simulation models are advantageous

because they account for the storms that precede and follow the design storm, while single-event based
models are only capable of considering the single design storm. Furthermore, continuous simulation models
based on EPA's Hydrologic Simulation Program-Fortran incorporate local parameters and actual rainfall data,
and are, therefore, a better estimation of actual runoff circumstances.
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Use hydrologic and hydraulic data to design onsite stormwater management BMPs:

= Design site to maintain, restore or mimic natural drainage patterns. Seek to
eliminate stormwater runoff. (SM.3, SM.4)

= Design stormwater management BMPs to control design storm at a minimum. If
possible, provide additional detention capacity.

= If possible, design BMPs to provide onsite infiltration and/or retention.

= Design overflow or bypass system to manage runoff from large storms. (SM.4)

Use hydrologic and hydraulic data to minimize water pollution during construction. (CP.3)

Incorporate data from hydrologic and hydraulic analysis into a citywide geographic information
system (GIS) database to aid in future planning.

= Coordinate with citywide drainage master planning activities. (SM.1)

= Consider allowing public use of this database.

REFERENCES

Environmental Protection Agency
Watershed Academy Webpage
http://www.epa.gov/owow/watershed/wacademy/wam/hydrology.html

United States Environmental Protection Agency

Office of Research and Development

“Appendix A Summary of Large Storm Hydrology”

In Stormwater Best Management Practice Design Guide

Washington, DC: EPA, 2004
http://www.epa.gov/ORD/NRMRL/pubs/600r04121/600r04121appa.pdf

Washington State Department of Ecology

‘Hydrologic Analysis’

Chapter Two in Stormwater Management Manual for Western Washington

Volume IIl — Hydrologic Analysis and Flow Control Design/BMPs

Olympia, WA: WSDOE, 2001
http.//www.ecy.wa.gov/programs/wa/stormwater/Manual9%20PDFs/searchable file.pdf
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SA 4 INTEGRATION

. = SA.2 Conduct Soil Analysis

S U RV EY EX I STI N G s §8.5 Increase and Improve Right-of-Way Public Space and Green Areas
= SM.1  Conduct Integrated Stormwater Management Planning

= SM.3  Minimize Runoff from New Building Construction and Major Renovations
VE G ETATI 0 N = SM.4 Optimize Right-of-Way Drainage

o LA.1  Optimize Citywide Landscape Planning
o LA.2 Encourage Ecological Connectivity and Habitat
o LA3  Create Absorbent Landscapes

o LA.12 Use Low-maintenance, Salt-tolerant, Native or Naturalized Species
UBJECTIVE o LA.13 Use Water-efficient Landscape Design
Survey existing vegetation. Develop a plan for protecting existing plant material to o LA.15 Use Biotope-based Plant Arrangement Along the Shade-Light Continuum

preserve habitat, minimize site disturbance, and reduce capital costs for reinstallation = CP.1  Develop and Enforce a Site Protection Plan
of new plants. If necessary, determine opportunities for transplanting existing planting = CP.2  Protect Existing and Future Planted Areas
material. Eliminate invasive species to minimize long-term maintenance costs and

protect preferred planting material. TECHNICAL STRATEGIES

BENEFITS P|anning

+ Mature tree specimens provide immediate shade, cover, and landscape character. Perform a site visit to survey existing vegetation:

+ Mature tree specimens improve environmental quality by decreasing air o Evaluate health and viability of valuable species.
and noise pollution, reducing and treating stormwater runoff, and reducing = |dentify and record individual specimen plantings and mass plantings to be
urban heat. protected during design and construction.

+ Reduces overall site disturbance. o |dentify individual plants by species, caliper and crown extent.

+ Minimizes costs by reducing need for soil amendments and new plantings. = Note conditions that will impact protection (grading, utilities, access routes, etc).

+ Reduces long-term maintenance needs and costs, protects desirable = |dentify physical extent and density of invasive species, and determine optimal
plants from becoming crowded or shaded out, and improves biodiversity and eradication technique.
animal habitat. s Consider potential of transplanting beneficial on-site species.

+ Mass plantings of valuable or native species provide immediate windbreak, = Discuss tree and vegetation protection plans at the alignment meeting and take
cover and protect against erosion and sedimentation. necessary steps to coordinate utility work to reduce impact.

|.| M |TAT| 0 NS Develop a tree and vegetation protection plan:

= Prepare a tree protection plan providing protection within critical root zone

— Protection zones may limit contractor maneuverability on site and add (12 x diameter of diameter breast height (DBH)).
cost to relocate protection fencing. = Prepare a massed planting protection plan showing limit of shrub canopy or

— Manual eradication of invasive species is time consuming and costly. 12 x diameter of DBH of perimeter trees, whichever is greater.

— Chemical eradication of invasive species can harm water quality or = |llustrate protection plan(s) on all relevant site plans, including the site preparation/
desirable species. demolition/removals plan and on the grading and site utilities plans.

= Include designated stockpile location(s) and truck access route(s).

= Indicate on plans and in specifications that protection barriers may have to be
relocated and reinstalled during construction to provide temporary access.

= Require contractor to maintain protection barrier in good condition throughout the
life of the contract.

= Specify that under no circumstances shall material, equipment or debris be
stockpiled within the protection zones.
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= Require the use of grade beams and microtunneling to protect structural
tree roots.

= Ensure that all disciplines respect the protection plan throughout the design
process.

Develop a plan to eradicate invasive herbaceous species:

= |dentify species to be eradicated.

= Understand invasive species’ growth habit and identify optimal season(s) for
eradication by hand or chemical means.

|dentify if permanent root barriers are required for long term protection of site.
Specify contractor with experience and full-time supervisory personnel.

Specify appropriate soil sterilant or non-residual systemic herbicide as applicable
to the particular specie to be eradicated and the surrounding vegetation and
hydrologic conditions. (CP.2)

Request material safety data sheet on chemical treatment, if used.

Specify that surrounding areas are to be protected from migration of chemical
applications.

Specify that all parts of invasive plants are to be removed from the site and
disposed of legally.

Exercise caution when using chemical treatment adjacent to aquifer, high quality
water, etc.

= Protect water sources during construction. (CP.3)

o

o

o

o

o

o

o

Develop a plan for tree and vegetation removal and transplantation:

= |ldentify individual trees and shrubs for removal. Select species based on their
relative invasiveness (as defined by NYSDEC or local experience), state of health/
viability for survival, and conflict with proposed construction.

= Specify top-down tree cutting rather than felling to protect viable trees/vegetation.

o |f possible, tree cutting during migration periods.

o |ldentify species for transplant and show new locations; identify root pruning and
transplant procedures and timing in specifications.

= Require warrantee on transplants for two years.

Construction

= Perform root pruning of trees to be transplanted during dormant periods.

= Coordinate transplanting with seasonal limitations.

= Protect and maintain vegetation throughout construction duration. (CP.2)

= Enforce protection by specifying liquidated damages or imposing fines on
contractor(s) for violations.

EXAMPLE

New York City Department of Parks and Recreation (NYCDPR) requires tree
inventories and tree impact mitigation plans as part of any infrastructure project that
may adversely impact existing vegetation. For new construction projects within sites
exhibiting invasive vegetation, NYCDPR has developed standard specifications for
invasive species eradication.




HIGH PERFORMANCE INFRASTRUCTURE GUIDELINES o PART THREE BEST PRACTICES = SITE ASSESSMENT = SA.4 SURVEY EXISTING VEGETATION

REFERENCES

CABI Bioscience Switzerland Centre and Global Invasive Species Prevention Programme
‘Toolkit Summary’

In Invasive Alien Species: A Toolkit of Best Prevention and Management Practice
http://www.cabi-bioscience.ch/wwwgisp/gtcsum.htm

City of Santa Cruz

Planning Department and Public Works Department

‘Construction Work Best Management Practices’

Chapter 5 in Best Management Practices Manual for the City's Storm Water Management Program
Santa Cruz: City of Santa Cruz, 2003
http.//www.ci.santa-cruz.ca.us/pw/StormWater/ConstructionBMPs.pdf

City of Seattle.

Department of Parks and Recreation

‘Construction Site Management’

Chapter One in Best Management Practices

Seattle: City of Seattle DPR
http.//www.ci.seattle.wa.us/parks/Publications/policy/bmp.pdf

Grey, Gene W.
The Urban Forest
New York: John Wiley and Sons, 1996

Maine Department of Conservation. Bureau of Geology and Natural Areas
‘Management of Invasive Non-native Plants in Maine’

In Maine Natural Areas Program
http.//www.state.me.us/doc/nrimc/mnap/programs/invasives.html

Mendler and Odell
The HOK Guidebook to Sustainable Design
pp.55-57

Virginia Department of Conservation and Recreation

‘Native Plants for Conservation, Restoration and Landscaping’
In Natural Heritage Program
http.//www.dcr.state.va.us/dnh/native.htm

U.S. Department of the Interior, National Park Service, Denver Service Center
‘Sustainable Site Design Philosophy’

In Guiding Principles of Sustainable Design

National Park Service, U.S. Department of the Interior
http://www.nps.gov/dsc/dsgncnstr/gpsd/ch5.html

Wild Ones: Native Plants, Natural Landscapes
‘Local Ecotype Guidelines’
http://www.for-wild.org/land/ecotype.html
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S3.1

WORK WITH COMMUNITY
GROUPS TO ENHANCE AND
MAINTAIN STREETSCAPE

OBJECTIVE

As part of street reconstruction projects or area-wide planning initiatives, work with
community groups, business improvement districts (BIDs), and key stakeholders to
enhance and maintain streetscape.

BENEFITS

+ Encourages active community participation and ownership of improvements.

+ Partnership with BIDs is an effective way to enhance, beautify, and maintain the
streetscape environment.

+ BIDs and community groups may have the ability to maintain non-standard
pedestrian amenities and landscaped areas.

+ BIDs are effective at encouraging active street life through minimizing retail
vacancy, providing security patrols and trash collection, and offering shopkeepers
assistance loans to enhance signage and security.

LIMITATIONS

— Disagreement among various stakeholders may prolong the planning process.

— Too many BIDs within close physical proximity may cause visual confusion through
inconsistency in streetscape furnishings.

—NYC Department of Small Business Services (NYCSBS) needs to enforce
regulations and agreements with BIDs to ensure guidelines are followed.

BACKGROUND

Involving community members and key stakeholders in the process of improving
and maintaining streetscapes is critical to long-term success. In recent years, New
York City has had particular success working with business improvement districts
(BIDs) and private community groups to plan, undertake, and maintain streetscape
improvements. These models of public-private partnership should be replicated
wherever possible.

$S.1 WORK WITH COMMUNITY GROUPS TO ENHANCE AND MAINTAIN STREETSCAPE

INTEGRATION

= SA.2  Conduct Soil Analysis

= SA.1  Assess Ste and High Performance Opportunities

= §8.2 Improve Streetscape for Pedestrians

= §8.3 Improve Streetscape for Bicyclists

= §§.4 Improve Streetscape for Surface Mass Transit

= §8.5 Increase and Improve Right-of-Way Public Space and Green Areas
o §§.6  Optimize Security Enhancements

o §8.71 Optimize Streetlighting and Signaling

= PA.2 Minimize Impervious Pavement Area

s SM.1  Conduct Integrated Stormwater Management Planning

= SM.4 Optimize Right-of-Way Drainage
= LA.1  Optimize Citywide Landscape Planning
= LA.T Increase the Quantity, Density, and Diversity of Trees

TECHNICAL STRATEGIES

Planning
Assess site and high performance opportunities. (SA.1)

Undertake a community-based planning process:

= |ldentify a cross-section of community stakeholders and establish a task
force.

= Gather historical data about neighborhood and identify critical issues for

the future.

Develop strategic goals and a shared vision.

= Evaluate various improvement options and involve community members in
decision-making whenever possible.

= Maintain active participation throughout the planning and design process.

= Encourage ongoing community stewardship of improvements.

= Develop partnerships to manage and maintain improvements.

o

Consider developing a Business Improvement District (BID):

= Develop a project plan among stakeholders to determine if a BID is
appropriate.

= Develop a steering committee. Conduct public meetings and hold them
regularly to maintain an informed constituency.

= Determine boundary of district.

= Survey local businesses and develop a database.

= Determine needed services and improvements and their scope and cost;
Identify potential funding sources.

= Determine assessment formula and submit it to NYC Department of Small
Business Services.
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EXAMPLE

Greening of Greenwich Street: The Friends of Greenwich Street, a local community
group, lobbied for nearly a decade to have changes made to an eight-block stretch
of Tribeca. The 110-foot right-of-way was a holdover from the days when Greenwich
Street was a major truck route and an overhead railroad to transport goods from the
waterfront to inland warehouses. In 1996, NYC Economic Development Corporation
funded a streetscape improvement project to narrow the roadway to 38 feet from 80
feet, and to add forty-two feet to the west side sidewalk.

Today, Greenwich Street has been reclaimed as a neighborhood street. Festivals and
parades are frequent occurrences, parents teach children to ride bikes and residents
of all ages enjoy the sunny or shaded sitting areas. The Friends of Greenwich Street
have become a 501(c)(3) not-for-profit maintenance corporation and oversee
landscape maintenance, public education programs to curtail dog damage, de-icing
salt spreading and seasonal plantings.

Reconstructed Greenwich Street — Manhattan, NY

Consider developing partnerships with community groups to maintain and manage streetscapes:

= Encourage the formation of 501(c)(3) not-for profit community park maintenance
groups.

= Use flexibility when developing maintenance agreements with community groups.

= Consider establishing prizes and other incentives to encourage exceptional
streetscape maintenance.

Construction

= Work with community groups to develop plans to minimize construction
impact. (SA.1, CP.1, CP.5)

Operations and Maintenance

= After project completion, ensure proper maintenance and upkeep
of streetscape improvements.
= Overtime evaluate and respond to new or changing community needs. Reconstructed Greenwich Street — Manhattan, NY
= Develop more flexible maintenance contracts to encourage community participation
in streetscape upkeep.
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REFERENCES

Business Improvement Districts
http://www.sannet.gov/economic-development/business-assistance/small-business/bids

Christchurch City Council, New Zealand
‘Kinds of Living Streets’
http://www.ccc.govt.nz/LivingStreets/KindOfLivingStreets.asp

City of Hamilton, California
‘Streetscape Improvement. Design Process’
http://www.city.hamilton.ca/Planning-and-Development/long-range.html

City of Portland, Department of Transportation Engineering and Development
“Pedestrian Transportation Program”

Portland Pedestrian Design Guide

Prepared by Ellen Vanderslice

Portland: Portland DOT, 1998
http://www.trans.ci.portland.or.us/DesignReferences/Pedestrian/DesignGuide. pdf

Metrotech Business Improvement District
http://www.metrotechbid.org/bid.htm|

New York City Department of Small Business
http.//www.nyc.gov/small biz

New York City Department of Transportation

Downtown Brooklyn Traffic Calming Project— Final Report

New York: NYC DOT, 2004
http://www.nyc.gov/html/dot/html/motorist/dntnbklyntraf.htm|

Project for Public Spaces
“Health & Community Design”
http://www.pps.org/info/placemakingtools/issuepapers/health community

Project for Public Spaces
“Eleven Principles for Transforming Public Spaces into Great Community Places”
http://www.pps.org/info/placemakingtools/casesforplaces/11steps

The Times Square Alliance
http.//www.timessquarebid.org/bid.html

The Urban Land Institute
‘Continued Redevelopment of a Mixed-Use Waterfront Community’
http://experts.uli.org




HIGH PERFORMANCE INFRASTRUCTURE GUIDELINES = PART THREE BEST PRACTICES =

3.2
IMPROVE STREETSCAPE
FOR PEDESTRIANS

OBJECTIVE

Design streetscapes that are conducive to walking and that optimally balance the
needs of pedestrians, bicyclists, mass-transit users, and automobiles. Undertake
physical improvements and management measures to improve quality of life,
health and safety, accessibility, connectivity, comfort, amenity and aesthetics.

BENEFITS

+ Minimizes conflicts between pedestrians and vehicles, making
the experience of walking safer and more enjoyable.
+ Reduces vehicle miles traveled (VMT), automobile congestion, and air pollution.®®
+ Improves public health by encouraging exercise and active forms of transportation.
+ Attracts pedestrians to local businesses, reduces crime, and increases
property values. Serves as a catalyst for community regeneration.
+ Well-proportioned sidewalks include space for plantings that reduce the urban heat
island effect, improve air quality and local microclimate, and add scale and beauty.
+ Restores urban streetscapes that were degraded by excessive automobile activity.
+ When designed appropriately, streetscape improvements and traffic calming
measures do not adversely impact motorized traffic or emergency vehicle service.®’
+ Encourages the efficient use of precious right-of-way space.

LIMITATIONS

May increase project design, construction and maintenance cost.

Acquisition of additional sidewalk space may be cost prohibitive or unfeasible.
— May require the relocation of catch basins.®®

Maintenance of non-standard street materials is difficult due to frequent utility
repairs.

Isolated traffic calming treatments may only divert traffic problems.*

5 New York City Department of Transportation. 2004. Downtown Brooklyn Traffic Calming Project — Final
Report. http://www.nyc.gov/html/dot/html/motorist/dntnbklyntraf.html. (Accessed June 2004). Pages 45-68.

37 |bid. Pages 69, 72.
38 |bid. Page 70.

Ibid. Executive Summary, Pages 16-17.

STREETSCAPE =

BACKGROUND

Over recent decades, accommodation of automobiles has usurped public space,
corroded health and safety, and visually degraded the urban fabric. The High
Performance Infrastructure Guidelines seek to correct this condition by advocating for
streetscapes that balance the needs of pedestrians, bicyclists, surface mass transit
users, and automobiles. The NYC Department of Transportation has envisioned three
typologies for well-designed streetscapes:*°

Travel Streets are large scale, multiple-lane thoroughfares that make up the skeleton
of the roadway system. Travel streets provide critical transportation connections,
major mass-transit links, and local truck-routes; they also accommodate substantial
pedestrian activity and contain commercial, cultural, institutional, and occasionally
residential building types. Despite their importance for private automobiles, travel
streets must also facilitate safe and comfortable movement for pedestrians, bicycles,
and surface mass-transit. Travel streets should enhance connectivity between
different neighborhoods, destinations, and other major streets — not pose a barrier
—and should therefore offer attractive and spacious streetscape environments. Travel
streets should incorporate traffic calming and management measures to promote
efficient travel, minimize congestion, and ensure safety.

Community Streets are medium to large scale streets that serve as ‘town centers’ for
neighborhoods and business districts, and are usually fronted by mixed commercial,
institutional and residential uses. Community streets often link travel streets with
living streets. Pedestrian activity is substantial on community streets since they offer
a range of destinations including shopping, entertainment, dining, services, cultural
centers, mass-transit connections, parks and public spaces. Private vehicle travel

is also substantial, but truck travel should be minimal. Design of community streets
should reflect a careful balance between vehicular travel, bicycling, and pedestrian
activity. As ‘town centers’, community streets should be attractively landscaped, well-
lit, amenity-rich, active places that encourage civic engagement, commerce, cultural
activity, and social exchange.

Living Streets are narrow streets that are primarily residential and are not intended
as major transit routes. Quality of life and safety for pedestrians and residents is the
major concern, and impact of motor vehicles should be kept to a minimum. Traffic
calming measures should be substantial to minimize vehicle speeds, discourage
through-traffic and truck travel, and minimize disruption. Streetscapes should
provide attractive landscapes and gathering places, and offer pedestrian scale
lighting to create a safe nighttime environment. Bicycling and other forms of active
transportation and exercise should be highly encouraged.

40 Street typologies adapted from Downtown Brooklyn Traffic Calming Final Report (NYCDOT).

$S.2 IMPROVE STREETSCAPE FOR PEDESTRIANS
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Union Square — New York, NY
Enlargement of traffic island decreases roadway pavement, increases landscaping and provides safe
pedestrian crossing at a busy thoroughfare.

INTEGRATION

s SA.1  Assess Ste and High Performance Opportunities

= §8.1  Work with Community Groups to Enhance and Maintain Streetscape
= §8.3  Improve Streetscape for Bicyclists

= §§8.4 Improve Streetscape for Surface Mass Transit

= §8.5 Increase and Improve Right-of-Way Public Space and Green Areas
o §§.6  Optimize Security Enhancements

o §8.71  Optimize Streetlighting and Signaling

o PA2 Minimize Impervious Pavement Area

= LAl Optimize Citywide Landscape Planning

o LA.7 Increase the Quantity, Density, and Diversity of Trees

TECHNICAL STRATEGIES

Site Assessment
Assess site and high performance opportunities. (SA.1, $8.1)

Evaluate pedestrian and vehicular movement:

o Evaluate pedestrian volumes and movement.

= Evaluate vehicular activity, conduct traffic counts, and determine needs for traffic
calming or traffic management.

PART THREE BEST PRACTICES = STREETSCAPE © $S.2 IMPROVE STREETSCAPE FOR PEDESTRIANS

= Evaluate bicycle and non-motorized vehicle traffic. Determine need for streetscape
improvements to encourage active transportation.

= Anticipate future pedestrian volumes and determine appropriate level of service.

= Consider increasing pedestrian level of service, comfort and protection.

= Consider reducing automobile level of service or design speed.

Planning

Develop a master plan that incorporates some or all of the following practices:
= Area wide traffic management and traffic calming.

= Bicycling facilities. (85.3)

= Surface mass transit improvements. (SS.4)

= Public space, street furniture and green areas. ($8.5)

= Security enhancements. (SS.6)

= Streetlighting and signaling. (sS.7)

Integrate other high performance objectives into the planning process.

= Improve on-site stormwater management and minimize runoff. (SM.1to SM.11)

= Undertake additional utility work to minimize future impact. (UL.1)

= Improve utility coordination for easy access and maintenance. (Ul.3)

Design to reduce urban heat island effect: Maximize pavement albedo (PA.3) and

increase shading of pavement. (LA.8)

s Use pervious pavements where appropriate. (PA.4)

= Maximize landscaping to improve microclimate, air quality, stormwater
management, etc. (88.5, LA.1, LA.2, LA.3, SM.1)

o

Conduct scoping and budgeting:

= Develop project scope based on community planning process, infrastructure
reconstruction or upgrade needs, and high performance objectives.

= |dentify first costs, maintenance costs, maintenance entities, and funding sources.

= Coordinate proposed improvements with other publicly funded initiatives to
maximize effective use of funds.

= Ensure adequate funds for timely preventative and corrective maintenance.

Design

Sidewalks

Enhance sidewalk accessibility, continuity and connectivity:

= Plan sidewalk dimensions and layout on a district-wide scale.

= Develop a strong pedestrian orientation and character to the streetscape to
encourage walking and active environments.

= Promote connectivity, continuity and accessibility.

Provide adequately sized sidewalks:

o Determine the width of the ‘through pedestrian zone’, or the area that
accommodates unobstructed movement between a ‘furnishing zone’ (the area
adjacent to the street containing street furniture, trees and landscaping, light
poles, signage, etc) and a ‘frontage zone’ (the area adjacent to storefronts that
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accommodates window shopping and entrance facilities).

Eliminate obstructions in the pedestrian zone and ensure ADA compliance

wherever possible, with a minimum clear width of five feet.

= Where appropriate, allow eight feet of pedestrian space to enable two pairs of
pedestrians to pass each other comfortably.

= Ensure furnishing zone is wide enough to accommodate trees and landscaping,
bus shelters, street furniture, and other amenities.

= Where the curbside lane is a travel lane, attempt to provide a buffer zone or
planting strip of at least four feet.

o

Consider expanding sidewalks to enhance pedestrian safety and level of service:

= Consider reducing roadway space and widening sidewalks.

= Downsize travel lanes and parking lanes to minimum sizes.

= If the entire sidewalk cannot be modified, consider widening at congested locations,
intersections, entrances to major destinations, etc.

Corners and Intersections

Keep corners clear of obstructions:

= Prohibit newspaper boxes and other street furniture from obstructing corners.
= Avoid locating light poles, above ground utilities, and traffic signals at corners.
o Locate street trees and other plantings away from corners to maximize visibility.

Improve intersections:

= Provide two, ADA compliant pedestrian ramps per corner, located to facilitate
movement straight into the crosswalk.

= Design to avoid standing water and icy conditions.

Utilize tactile pavements to alert the visually impaired to the intersection.

= Use curb extensions, bulb-outs and neck-downs at busy intersections to minimize

pedestrian crossing distance, calm traffic and improve safety. Incorporate bollards,

planters, or other devices to alert drivers to the presence of curb extensions.

Ensure that bicycle lanes and emergency access are not impeded by curb

extensions.

= Consider using raised intersections to enhance visibility and safety of crossing
areas.

= Where appropriate, reconstruct intersection corners with a smaller turning radius to
slow turning vehicles.

o

o

Enhance crosswalk visibility and effectiveness:

= Use crosswalk enhancements at complex intersections and high volume crossings.
= Consider the use of high visibility, piano style crosswalks — designed to allow tires
of motor vehicles to pass between the lines —to enhance visibility while minimizing
maintenance of markings.

Consider color-reinforced stamped, imprinted or embedded light-colored pavement
within the crosswalk.

Consider ADA compliant textured or grooved surfaces to alert drivers of crosswalk.
Consider light-colored interlocking paving stones within the crosswalk.

o

o

o

Consider raised crosswalks with gentle side slopes:

= Move vehicle stop line back from crosswalk (10 to 20 ft. from crosswalk).

= Consider using an advanced warning stenciling to alert drivers to crosswalk.
= Ensure that crosswalk enhancements will be properly maintained.

Provide pedestrian refuge islands where appropriate:

= Use raised islands in the center of wide streets to facilitate safe crossing.
= Consider using in conjunction with corner curb extensions.

= Maintain bicycle lanes and ensure ability of emergency vehicle access.

= Incorporate attractive, low-maintenance, absorbent landscaping. (SS.5, LA.3)

Area Wide Traffic Calming and Management Plans

With input from community groups, develop area wide traffic management and traffic

calming plans:

= Reduce traffic congestion, idling and impact.

= Designate and enforce truck routes: minimize disruption on community streets and
living streets.

= Maximize pedestrian accessibility, circulation, orientation, and connectivity.

= Support biking and other forms of active transportation. (§S.3)

= Alert drivers that they are entering a traffic-calmed environment.

= Utilize visible amenities such as shade trees, benches, and landscapes to enhance
pedestrian orientation of streetscape.

= Incorporate physical measures including center islands, medians, roundabouts,

traffic circles and so on.

Route 9A — Manhattan, NY
Provision of separated walking path improves safety and comfort for pedestrians and encourages active
transportation and exercise along waterfront.
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= Consider traffic management measures including street direction changes, street
closings, modified signal times, etc.

Utilize Intelligent Transportation Systems (ITS): Implement a range of communication technologies
to optimize management of the entire transportation system.
o Integrate ITS with surface mass transit improvements. (SS.4)

Signalization

Consider signalization changes to increase pedestrian safety and travel efficiency:

= Evaluate existing signal timing and pedestrian level of service.

= Determine if signalization changes would be beneficial and feasible.

= Consider extending pedestrian crossing intervals.

= Consider adjusting signal progression to calm traffic during high-pedestrian volume
periods and to minimize congestion during vehicle rush hour.

Consider utilizing leading pedestrian intervals (LPI) to give pedestrians a head start
in crossing prior to allowing motorists to turn.

Consider utilizing ‘Barnes Dance’ (all-walk phases) at high pedestrian intersections
to stop all vehicles on all approaches while allowing pedestrians to cross in all
directions.

Consider utilizing pedestrian detection signals — infrared systems or ‘pedestrian
user friendly intelligent crossing’ (PUFFIN) systems —to delay signal change until
remaining pedestrians clear the intersection.

= Consider using audible signals to indicate crossing intervals at major intersections.

= Consider using countdown signals to indicate crossing time to pedestrians.

o

o

u]

Improve visibility and legibility of signals:

= Consider increasing the size of the red signal heads (to 12 inch maximum) to
improve visibility and to emphasize traffic control.

s Use symbolic pedestrian walking signals instead of message-type pedestrian
walking signals.

Signage

Improve signage to enhance traffic safety:

= Survey existing signage, examine accident reports, and interview community
members to determine needs and goals for improved signage.

= At critical crossing areas with high pedestrian volumes or histories of accidents,
utilize fluorescent signs and post reflectors to caution motorists.

= Use oversized street name signs to help orient motorists and prevent erratic driving.

s Place speed-limit signs in areas with high pedestrian volumes.

Develop wayfinding or interpretive signage:

= Use a distinct system of signage to provide useful information in urban areas for
pedestrians, bicyclists, and vehicles. Wayfinding signage helps encourage sense of
place and efficient pedestrian and vehicular movement.

= Provide information about major destinations, including places of cultural, historic,
and geographic importance, and preferred pedestrian streets.

= Distinguish between wayfinding systems for tourists and systems for locals.

= Maintain graphic or symbolic continuity throughout wayfinding area.

$S.2 IMPROVE STREETSCAPE FOR PEDESTRIANS

= Develop innovative ways to express historic or cultural heritage.
= Imaginatively use materials, landscaping, or architectural elements to evoke
understanding of a place without adding to street clutter.

EXAMPLE

The Freedom Trail in Boston,
Massachusetts, is a wayfinding
trail that links sites of
importance to the Revolutionary
War. The trail, and the
foundation that manages it, is
dedicated to preserving and
promoting the Revolution as
the “cornerstone of Boston’s
distinct historic and cultural
character.” Originally designed
in the 1960’s with a red stripe
painted down the center of the
street, it was later enhanced for
pedestrians by using a double-
brick pattern in the designated
sidewalks making up the trail.
Pedestrians can use maps,
signage, and a new audio
self-guided tour to navigate the
trail. Significant sites feature an
attractive bronze plaque inset
into the sidewalk. According to
the Freedom Trail Foundation,
approximately 3 million people
walk the trail each year and the
trail is a $400 million economic
driver in the City’s $9 billion
tourism industry.
http://www.thefreedomtrail.org/

Sidewalk Enhancements — Brooklyn, NY

As part of the Downtown Brooklyn Traffic Calming Project, the
NYC Department of Transportation installed neckdowns and
pedestrian ramps at Fulton and South Oxford streets.

The NYC DOT's Downtown
Brooklyn Traffic Calming Initiative is a highly successful, community informed initiative
that piloted traffic calming techniques and developed an area-wide streetscape
improvement plan that is currently under construction. Dozens of streets in Downtown
Brooklyn were classified as ‘travel streets’, ‘community streets’, and ‘living streets’,
and streetscape improvements were undertaken to enhance the quality, safety, and
efficiency of each street according to its needs. For more details, see:
http://www.nyc.gov/html/dot/html/motorist/dntnbklyntraf.html
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Portland, Oregon found that improving the quality of the pedestrian environment to a New York City Department of Transportation
level comparable to that of Portland’s most pedestrian-oriented zones would result in Downtown Brooklyn Traffic Calming Project — Final Report

a 10 percent reduction in vehicle miles traveled (VMT). New York: NYC DOT, 2004
http://www.nyc.gov/html/dot/htmI/motorist/dntnbklyntraf.html

School Safety Engineering Project: General Mitigation Measures — Final Report

American Association of State Highway and Transportation Officials New York: NYC DOT, 2004
Guide for the Development of Bicycle Facilities . .
1999 Project for Public Spaces

“Transit-Friendly Streets”

Central Atlanta Progress, Atlanta Downtown Improvement District http://www.pps.org/info/placemakingtools/casesforplaces/transit friendly sts
“A Wayfinding and Signage System for Atlanta, Georgia”

February 14, 2003
http://www.atlantadowntown.com/Plans%20and%20Documents/wayfinding _program.pdf

Transport for London Road Network
Streetscape Guidance. Consultation Draft — July 2004
http.//www.tfl. gov.uk/streets/streetscape-guidance.shtml

City of Chicago Department of Transportation
City of Chicago Streetscape Guidelines
2003

http://www.ci.chi.il.us/Transportation/

City of Portland, Department of Transportation Engineering and Development
“Pedestrian Transportation Program”

Portland Pedestrian Design Guide.

Prepared by Ellen Vanderslice

Portland: Portland DOT, 1998
http://www.trans.ci.portland.or.us/DesignReferences/Pedestrian/DesignGuide.pdf

City of Seattle
“Seattle Wayfinding System” — April 17, 2003
http://www.cityofseattle.net/dclu/CityDesign/Designleadership.pdf

City of Vancouver Sidewalk Taskforce
A Walking City: Sidewalk Safety, Access and Ambience for All Pedestrian — 2002
http://www.city.vancouver.bc.ca/ctyclerk/cclerk/020625/rr1.pdf

Environmental Protection Agency

Our Built and Natural Environments: A Technical Review of the Interactions
between Land Use, Transportation, and Environmental Quality. EPA 123-R-01-002
Washington DC: EPA, 2001

http://www.epa.gov/livability/pdf/built.pdf

Ewing, Reid

The Institute of Transportation Engineers, Federal Highway Administration,
and Fehr and Peers Transportation Consultants

Traffic Calming: State of the Practice

Washington D.C.: FHWA

http.//www.trafficcalming.org/

NYC Department of City Planning and Department of Transportation Bicycle Program
“NYC Cycling Map” — 2004 edition
http://www.nyc.gov/html/dcp/html/bike/gp.html
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33.3
IMPROVE STREETSCAPE
FOR BICYCLISTS

OBJECTIVE

Improve streetscape to support bicycling and other forms of non-motorized active
transportation. Implement area-wide bicycling master plans to facilitate bicycling on a
citywide basis. Dedicate bicycling-only zones and install bike racks and other features
to support bicycling. Anticipate future demand in sizing bicycling facilities. Integrate
design of these areas with other objectives.

BENEFITS

+ Improves safety for bicyclists and non-motorized vehicle users.

+ Reduces automobile speeds and increases safety.

+ Reduces vehicle miles traveled (VMT), automobile congestion, and the emission of
greenhouse gases, particulate matter and volatile organic compounds.*!

+ Improves public health and fitness by reducing air pollution and encouraging
outdoor exercise and active transportation.

+ Encourages the efficient use of precious road space, with no adverse impact to the
visual environment.

LIMITATIONS

— May increase project design and construction costs.
— May be difficult to implement where right-of-way space is limited.
— Communities may oppose bike lanes if parking is reduced.

INTEGRATION

= §8.2  Improve Streetscape for Pedestrians
= §§.4 Improve Streetscape for Surface Mass Transit
= §8.5 Increase and Improve Right-of-Way Public Space and Green Areas

41 New York City Department of Transportation. 2004. Downtown Brooklyn Traffic Calming Project —
Final Report. http://www.nyc.gov/html/dot/html/motorist/dntnbklyntraf.html. (Accessed June 2004).
Pages 45-68.
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TECHNICAL STRATEGIES

Develop and implement area-wide hicycle master plans:

= Prioritize bicycling as an integral part of the overall transportation system.

= Seek to maximize accessibility, continuity and convenience of bike travel citywide.

= Promote traffic calming and management through physical and operational
improvements to the right-of-way. ($5.2)

= Assess current bike ridership through sampling, surveys, etc. Anticipate future
demand.

= Develop strategies to facilitate intermodal transportation. Provide properly sized bike
facilities at mass-transit stops.

= Encourage businesses and public facilities to provide bike parking and storage, and
lockers and showers for bicyclists.

s Conduct public awareness and education initiatives to inform riders about bicycling
safety measures, bike path navigation, and the environmental and public health
benefits of bicycling.

Dedicate highly-visible zones for bicycling in the right-of-way:

= Provide bike paths with adequate widths, smooth surfaces and proper drainage.

o Retrofit existing streets with dedicated bicycle lanes. If possible, narrow automobile
lanes to reduce speeds and improve safety.*

= In new or reconstructed streets, integrate bike lanes into streetscape design to

increase safety and improve aesthetics.

When possible, separate bike lanes from vehicular traffic and pedestrians through

the use of small medians or other features.

= Where space is limited for dedicated bike lanes, consider combined, dedicated
bike and bus lanes. Consider implementing part-time bike lanes.

= Use traffic calming to improve safety of bicyclists. (55.2)

= Use light-colored pavement where possible to differentiate bike lanes. (PA.3)

= Use highly visible pavement markings and signage to indicate bicycle zones and to
alert cars to drive safely and share road space with bicyclists.

= Use bike-friendly catch basins.

= Consider bike-only boulevards or ‘thru streets’ to separate bike and vehicular
traffic.*3

o

42 |0 NYC, this practice has resulted in a reduction in motor vehicle speeds of between 3-5 mph. NYCDOT.
School Safety Engineering Project. General Mitigation Measures-Final Report. 2004.
43 The Thru Street's in Manhattan have successfully decreased cross-town travel times and congestion on
designated streets. This concept could be applied to a series of dedicated, bicycle only streets. A pilot-project
could be conducted on several east-west streets in Manhattan: the streets could be designed for limited
vehicular access — using bollards or other physical measures — allowing bikes to be the dominant mode of
transportation. Only local delivery trucks, emergency vehicles and other necessary vehicles would be able to
travel on the designtated bike thru-streets.
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Greenwich Street — Manhattan, NY
Provision of bicycle lanes and amenities encourages ridership.

EXAMPLE

In the reconstruction of Route 9A in Manhattan, portions of the NYC Greenway Plan
and Bicycle Master Plan were implemented, signaling the start of a multi-year effort
to create new public recreational opportunities and increase the mobility of cyclists
and pedestrians. Currently the NYC Greenway Plan is at 90% completion around the
island of Manhattan with an ultimate goal of creating 350 miles of landscaped bicycle
and pedestrian paths crisscrossing New York City.

The City of Chicago recently constructed a 12,000-square-foot bicycle station in
Millennium Park. The station has parking space for 300-bikes and also provides
changing, showering and locker storage facilities for bike riders. Since its opening the
bike station has been operating at or near capacity and there is now a lengthy waiting
list for access to the facility. The bike station was funded by the Congestion Mitigation
and Air Quality program, administered by the Federal Highway Administration and the
Federal Transit Administration under the TEA-21 Act. Chicago is currently improving
bicycle lanes and facilities throughout the city as part of an effort to increase bike
ridership substantially.

REFERENCES

American Association of State Highway and Transportation Officials
Guide for the Development of Bicycle Facilities —1999

City of Portland, Department of Transportation Engineering and Development

“Pedestrian Transportation Program”

Portland Pedestrian Design Guide. Prepared by Ellen Vanderslice. Portland, Portland DOT, 1998
http://www.trans.ci.portland.or.us/DesignReferences/Pedestrian/DesignGuide.PDF

Environmental Protection Agency.

Our Built and Natural Environments: A Technical Review of the Interactions between Land Use,
Transportation, and Environmental Quality. EPA 123-R-01-002. Washington DC: EPA, 2001
http://www.epa.gov/livability/pdf/built.pdf

Ewing, Reid

The Institute of Transportation Engineers, Federal Highway Administration, and Fehr and Peers Transportation
Consultants. Traffic Calming: State of the Practice

http://www.trafficcalming.org/

Go for Green. “Developing Communities for Active Transportation”
http.//www.goforgreen.ca/active transportation/resources

National Center for Bicycling and Walking
“The Economic Benefits of Bicycle and Pedestrian-based Tourism™
http.//www.bikewalk.org/assets/Reports/economic impact.htm

NYC Department of City Planning and Department of Transportation Bicycle Program
“NYC Cycling Map” — 2004 edition
http://www.nyc.gov/html/dcp/html/bike/gp.html

New York City Department of Transportation
Downtown Brooklyn Traffic Calming Project — Final Report — 2004
http://www.nyc.gov/html/dot/htmI/motorist/dntnbklyntraf.html

= - =
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33.4

IMPROVE STREETSCAPE
FOR SURFACE MASS
TRANSIT

OBJECTIVE

Make physical and operational improvements to the right-of-way to improve the
efficiency, cost-effectiveness, convenience, and sustainability of surface mass transit.

BENEFITS

+ Establishes a clear priority for mass-transit vehicle operations and provides
more convenient transit stops.

+ Improves safety and quality of life for mass transit users and pedestrians.

+ Improves the efficiency of mass-transit by reducing loading times, idling times, and
conflicts with other vehicles.

+ Reduces emission of greenhouse gases, particulate matter, volatile organic
compounds, and other pollutants.

+ Improves energy efficiency and reduces operating expenses.

+ Use of intelligent transportation systems (ITS) enables mass-transit users to make
better transportation decisions by providing them with real-time information.

+ Improves overall efficiency of the transportation system.

LIMITATIONS

— May increase construction cost.

— May require the relocation of catch basins.

— Traffic management measures are ineffective without proper enforcement.

— ITS technology requires significant investment to purchase, install and maintain
communication systems.

— Clean-fuel technology requires investments in research and development,
new equipment, and non-standard maintenance procedures.

PART THREE BEST PRACTICES = STREETSCAPE -

$S.4 IMPROVE STREETSCAPE FOR SURFACE MASS TRANSIT

INTEGRATION

o §8.2 Improve Streetscape for Pedestrians

o §8.5 Increase and Improve Right-of-Way Public Space and Green Areas
o §8.7  Optimize Streetlighting and Signaling

o CP6 Use Cleaner Construction Equipment

TECHNICAL STRATEGIES

Physical Improvements

Consider constructing bus nubs: Bus nubs are sidewalk extensions that extend through

the parking lane to the travel lane, enabling the bus to travel and stop in the same

lane, thus reducing loading time and conflicts with other vehicles, and increasing

transit efficiency and timeliness.*

= Consider employing temporary, pre-manufactured bus nubs to evaluate their
performance and appropriateness at new locations.

o Integrate seating, bus shelters, landscaping, and other amenities into the design of
bus nubs. (8.5

Consider creating transit-priority or transit-only lanes:

= Adequately mark and enforce mass-transit lanes to increase efficiency and service.

= Consider whether mass-transit lanes could double as bike lanes, if space for fully
dedicated bike lane is limited. (SS. 3)

= Consider implementing turning restrictions to increase transit efficiency.

= For mass-transit only lanes, consider using priority green signals that give buses a
head start at intersections, allowing them to pick up passengers with minimal traffic
interference.*

Improve transit facilities:

= Work with community stakeholders to improve transit facilities. (SA.1, $5.1)

= Develop designs that will improve both transit operation and community well-being.

= Adequately light transit facilities and surrounding area. ($$.5)

= Provide well-designed, accessible, comfortable, convenient, and safe bus-shelters

where appropriate.

Provide amenities for mass-transit users and pedestrians, including benches, trash

receptacles, adequate signage, telephones, clocks, etc. (SS.5)

Increase landscaping and provide features that will improve aesthetics. (LA.3, $8.5)

Integrate transit facility improvements with larger area-wide streetscape

improvements.

= Develop partnerships with community groups that will help ensure the maintenance
and upkeep of the improved transit facility. (ss.1)

o

o

o

44 Research in San Francisco showed that delays for motorists caused by bus nubs are small or nonexistent.

15
o European example.
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Streetscape Enhancements for Mass Transit — Brooklyn, NY
As part of the Downtown Brooklyn Traffic Calming Project, the NYC Department of Transportation
installed new bus lanes on Fulton Street.

Intelligent Transportation Systems (ITS)

Employ a range of communication technologies to improve mass-transit efficiency, reliability and

safety, and to provide real-time information to travelers:

= Use automatic vehicle locator (AVL) systems.

o Integrate vehicle location data into real-time passenger information systems located

at mass-transit facilities, on-line, and at other prominent locations. Provide users

with alternate route planning information.

Coordinate vehicle locator systems with traffic signal system to enable real-time

transit signal priority for transit vehicles.

= Use ITS data to respond to demographic and demand changes, facilitate inter-
modal transportation coordination, improve cost-efficiency, increase ridership, and
plan future transit initiatives.

o Integrate ITS data into wayfinding systems. ($5.2)

o

Facilitate Intermodal Transportation.

Use Clean Fuel Technologies (CP6): In September of 2000, MTA New York City Transit
(NYCT) became the first and largest bus fleet operator using ULSD in the country,
using it in all 4,500 buses in their fleet. Nationally, they are the largest single user

of ULSD, having used approximately 47 million gallons of ULSD annually. They

do not report any engine or fuel system problems related to ULSD use, and have
not experienced a change in fuel economy from the fleet. After-treatment retrofits
implemented by NYCT include diesel particulate filters and diesel oxidation catalysts
Review the NYCT case study at http://www.epa.gov/otag/retrofit/retronyc.htm. Refer
to DDC Low Sulfur Fuel Manual (see references) for detailed emission reductions, a
general description and evaluation of each fuel formulation, and current feasibility.

EXAMPLE

As part of the Downtown Brooklyn Traffic Calming initiative, the NYC Department of
Transportation piloted various techniques to improve surface mass transit operation.
Downtown Brooklyn is serviced by eighteen bus routes, but traffic congestion slows
bus speeds, causes bus bunching, and leads to conflicts when buses merge back
into traffic after stopping. Implementing bus nubs and undertaking other traffic
management measures improved the flow of surface mass transit. For more details,
see: http://www.nyc.gov/html/dot/html/motorist/dntnbklyntraf.html

REFERENCES

Behnke, Robert

“An Advanced Public Transportation/Information System
for Residents of Urban, Suburban and Rural Communities”
http://www.cascadepolicy.org/bgc/athena.htm

Flamm, Bradley
“Advanced technologies in public transportation”
October 2001

Intelligent Transportation Society of America
“What is ITS'?”
http://www.itsa.org

Mouskos, Kyriakos
“Advanced Traveler Information System”
New Jersey Institute of Technology Research, Vol. 4, Spring 1996

New York City Department of Design and Construction
Low Sulfur Fuel Manual

New York City Transit, Department of Buses
“Heavy-Duty Clean Vehicle Technology Conference”
2002

Project for Public Spaces
“Transit-Friendly Streets”
http://www.pps.org/info/placemakingtools/casesforplaces/transit friendly sts

Transit Best Practices — Workshop Primer
National Guide to Sustainable Municipal Infrastructure
2003
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33.9

INCREASE AND IMPROVE
RIGHT-OF-WAY PUBLIC SPACE
AND GREEN AREAS

OBJECTIVE

Increase the quality and quantity of right-of-way public spaces, green spaces, street
furniture, and parks within or adjacent to the public right-of-way. Where adequate
space exists, encourage economic, cultural, and recreational activities to enhance
streetscape vitality. Integrate with other high performance objectives.

BENEFITS

+ Activating the street as a public space encourages social interaction and a stronger
sense of community.

+ Increases neighborhood safety.

+ Increases property values.

+ Improves quality of life by offering ‘pauses’ for socializing and leisure activities.

+ Green areas reduce air pollution and stormwater runoff.

+ Economic activities such as green markets support local businesses and enable
consumers to purchase fresh produce and healthy goods.#

+ Encourages public stewardship of streetscapes.

LIMITATIONS

— May encounter reluctance to change conventional standards, incur risk, increase
potential maintenance costs or reduce on-street parking.
— Existing sidewalks may not allow for additional green space and open public space.

A Supporting local farmers maintains attractive and productive agrarian landscapes within close proximity to
urban areas. It also consumes less energy and raw material in transport and packaging, and reduces solid
waste disposal.

PART THREE BEST PRACTICES = STREETSCAPE - $S.5 INCREASE AND IMPROVE RIGHT-OF-WAY PUBLIC SPACE AND GREEN AREAS

INTEGRATION

o SA.1  Assess Site and High Performance Opportunities

= §8.1  Work with Community Groups to Enhance and Maintain Streetscape
o §8.2 Improve Streetscape for Pedestrians

= §§8.3 Improve Streetscape for Bicyclists

o

$S8.4  Improve Streetscape for Surface Mass Transit

= §8.6  Optimize Security Enhancements

= PA.2  Minimize Impervious Pavement Area

= PA4 Use Pervious Pavements

= SM.1  Conduct Integrated Stormwater Management Planning
= SM.4 Optimize Right-of-Way Drainage

= SM.10 Use Bioretention

o SM.11 Use Constructed Wetlands

o LA.1  Optimize Citywide Landscape Planning

= LA.2 Encourage Ecological Connectivity and Habitat

= LA3  Create Absorbent Landscapes

o LA.T Increase the Quantity, Density, and Diversity of Trees
o LA.8 Plant Trees to Maximize Shading of Pavement

TECHNICAL STRATEGIES

Planning

= Work with stakeholders to plan, design and maintain public spaces. (SA.1, $S.1)

Design

Incorporate green areas or public spaces where space exists:

= Replace impervious areas in medians, traffic circles or triangles, and roadway
shoulders with low-maintenance, salt-tolerant vegetation. (LA.1to LA.3, LA.12, SM.4)

= Create more opportunities for planting by using bulb-outs/neckdowns or similar
traffic calming devices on residential streets. (55.2)

o Integrate stormwater management practices. (SM.3 to SM.11)

= Consider converting parking areas into green spaces.

= Create inviting and open entrances to public spaces.

= Incorporate paths to encourage connectivity and movement through public spaces.

Meet or exceed the following minimum width requirements for planting soil zones:
o Lawn or herbaceous planting: 3 feet.

s Shrubs: 5 feet.

o Single row of trees: 8 feet.

= Double or staggered row of trees: 12 to 18 feet.

Incorporate seating and street furniture into public spaces and throughout streetscape:
= Locate benches in desirable locations to encourage sitting and socializing.
= Place benches in view of pedestrians, but avoid obstructing movement.



HIGH PERFORMANCE INFRASTRUCTURE GUIDELINES =

u]

Incorporate seating at transit stops, outside department stores and offices,
and anywhere else where seating may be utilized.

Construct seating of durable, weather resistant and vandal resistant materials.
Use recycled materials where possible, while maintaining aesthetic standards.
= Make steps, ledges, and other features conducive for sitting.

Increase trash, recycling, and composting receptacles. Use separate organic
waste bins and integrate with localized composting programs.*® Incorporate
with the citywide waste management initiative. (CP.5)

o

o

o

Incorporate public art into streetscapes and public spaces:

= Encourage ‘integrated’ public art that is incorporated into design elements
of the streetscape such as paving, railings, sets, bollards, fountains, bridges
or plantings.

= Encourage ‘stand alone’ public art, such as sculptures, permanent or temporary
installations, wall murals, or interpretive panels.

= Encourage performance art or temporal events that celebrate seasons, events,
historic or cultural expressions.

Encourage green markets and other forms of economic activity:

= Provide infrastructure in the streetscape or adjacent public spaces to support
outdoor activities including water and electric supply, tent tie-downs and pavements
that can withstand truck loading.

= If necessary, redirect traffic during market times.

Provide lighting for pedestrians:

= Consider scale, geometry, and character of space when determining appropriate
lighting criteria for green areas and public space amenities.

= Where appropriate, employ smaller-scale fixtures to emphasize pedestrian activity

and reduce energy costs.

Provide lighting at transit stops, entrances of public and residential buildings, and

other destinations.

Light the edges of public spaces and parks.

Light sculpture, fountains, architectural details, and other notable streetscape

elements.

o

o

o

Use Environmentally Preferable Materials in Streetscapes:*°

= Use sustainably harvested / certified woods. Possible applications include benches,
playground equipment and street furniture.

= Utilize recycled materials (recovered content plastic, aluminum, concrete, glass,
steel, rubber, etc.) in street furniture, fencing, playground equipment, curbing,

48 2500 tons of organic waste is generated in the City per day, and could be diverted from the wastestream and
reused for landscape fertilization.

49 According to the EPA, an ‘environmentally preferable’ product will have ‘a reduced effect on human health
and the environment when compared with competing products or services that serve the same purpose.’
Considerations include raw materials acquisition, production, manufacturing, packaging, distribution, reuse,
operation, maintenance or disposal of the product or service
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Reconstruction of Stone Street — New York, NY

Reuse of granite blocks stockpiled on-site for street furniture in historic district

parking stops, and other elements. (See PA6 for additional applications in pavement
design).

= Use low-emission, non-toxic and/or bio-based products. Examples include water-
based coatings, arsenic-free pressure-treated wood, and naturally rot-resistant
hardwoods (See PA.5 for additional applications in pavement design).

s Use products with low embodied energy. (e.g., wood or other bio-based products,
locally harvested stone).

= Use products that are locally manufactured or extracted.

= Use products that offer lifecycle benefits over conventional products
(e.g. products with improved durability, or products that can be refurbished
and reused).

= Utilize the Comprehensive Procurement Guideline (CPG) program, part of the EPA’s
continuing effort to promote the use of materials recovered from solid waste.

= See EPA RMANS recommended recycled-content levels for bike racks, light poles,
street signs and street sign posts for right-of-way applications.

= Utilize recycled content in transportation products such as temporary traffic control
devices, traffic cones, channelizers, etc.

= Ensure that street furniture using recycled materials meets aesthetic standards and
maintains streetscape ambiance.
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Duane Street — Manhattan, NY
Conversion of a traffic triangle into an attractive urban landscape and public space that is maintained
by a 501(c)(3) community maintenance group

EXAMPLES

The New York City Department of Parks and Recreation began the Greenstreets
program in 1996 to convert barren concrete triangles, traffic islands and other
impervious streetscape areas into productive and attractive landscapes containing
trees, shrubs and flowers. Since its founding, the program has created more than
2,000 Greenstreets throughout the five boroughs. Over the same period, the Parks
Department also planted more than 85,000 trees. Parks employees and community
volunteers regularly water, weed and clean the Greenstreets spaces.

The City of Vancouver began a Green Streets program in 1994 to encourage local
citizens to beautify traffic circles, sidewalks and corner bulb outs. The City installs

the initial ‘structural’ plants — drought tolerant, evergreen and seasonally diverse
shrubs and trees. Seasonal flowers may be provided by the City or contributed by
local volunteers. Members of the volunteer Green Streets program receive regular
newsletters, free classes on responsible gardening practices and hold an annual party
to share images and ideas on successful spaces.

REFERENCES

‘Better Streets, Better Places: Delivering Sustainable Residential Environments’
http://www.odpm.gov.uk/stellant/groups

Bullock, Simon
“The Economic Benefits of Farmers Market”
Friends of the Earth, 2002

City of Vancouver Green Street Program

“Green Streets”

December 2003
http.//www.city.vancouver.bc.ca/engvcs/streets/greenstreets/general.htm

Corum, Vance and Marcie Rosenzweig
“Benefits of Farmer’s Markets for Vendors, Consumers and Communities”
The New Farmers Market, 2001

Earth Care Products
http://www.ecpl.com/products.html

National Parks Service Sustainable Practices and Opportunities Plan
http://www.nps.gov/sustain/spop/wood.html

U.S. Environmental Protection Agency Comprehensive Procurement Guidelines
2004
http://www.epa.gov/cpg/about.htm

U.S. Environmental Protection Agency, Office of Solid Waste
Consolidated Recovered Materials Advisory Notice (RMAN)
for the Comprehensive Procurement Guideline (CPG)

2001

http://www.epa.gov/cpg/pdf/rmanal3.pdf
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Example sources for sustainahly harvested / certified woods:

= Natural Forest Products — http://www.forestworld.com
= Certified Forest Products Council — http://www.certifiedwood.org

Examples of recycled plastic manufacturers within 500 miles of NYC:
= American Ecoboard — http://www.americanecoboard.com (NY)

= Millennium Lumber — http://www.bjmindustries.com (PA)

= Perma-Deck — http://www.cascadesreplast.com (Montreal, Canada)
= Plastic Lumber — http://www.aeol.com (PA)

= Plastic Lumber — http://www.4-inteqcorp.com (OH)

= Plastic Lumber — http://www.plasticlumber.com

= Polywood Plastic Lumber Inc. — http://www.polywood.com (NJ)

= SeaTimber — http://www.weaward.com (VA)

= The Forever Deck — http://www.plasticlumberyard.com (PA)

o Trex — http://www.trex.com (VA)

Examples of recycled content safety surface manufacturers within 500 miles of NYC:
o Child Safe Products, Inc. — http://www.childsafeproducts.com (NY)

= Cushion Play — http://www.playworlsystems.com (PA)

= Playface — http://www.turtleplastics.com (OH)

= Playground surfaces — http://www.surfam.com (NY)

= Safe Guard Surfacing — http://www.safeguardsurfacing.com (NY)

= Softile kroslock — http://www.sofsurfaces.com ( Petrolia, Canada)

o Tirec — http://www.perma-turf.com (NJ)

= Tire Turf — http://www.continetalturf.com (OH)

= Vitriturf — http.//www.vitriturf.com (NY)

The following are examples of low-VOC and low-toxic exterior paints for metal:

= SafeCoat MetalCoat Acrylic Metal Primer — http.//www.afmsafecoat.com

= Benjamin Moore M29 Direct to Metal Acrylic — http://www.benjaminmoore.com

= Sherwin-Williams EnviroSpecDTM — http://www.sherwin-williams.com

@ CCl - http://www.neutrarustinc.com

o DTM — http://www.fuhrinternationall.com

= Rust-Oleum, Sierra Performance Coatings S-37 MetalmaxTM DTM — http://www.rustoleum.com
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33.6
OPTIMIZE SECURITY
ENHANCEMENTS

OBJECTIVE

Balance legitimate security objectives with good urban design practices. Preserve
uncluttered and uncongested access to public space, sidewalks and streets. Integrate
streetscape enhancements and beautification with security improvements. Expand the
palette of elements that can provide perimeter security while also providing amenity

PART THREE BEST PRACTICES = STREETSCAPE -

and improved aesthetics. Incorporate other BMPs into the design of security measures.

BENEFITS

+ Attracts pedestrians to local businesses, reduces crime, and increases property
values.

+ Replaces unsightly and makeshift barriers with well-designed, appropriately scaled
security solutions.

+ Opens streets to emergency vehicles and maintains public access appropriate to an
open and democratic society.

+ Coordinated security measures within a district reduce individual project costs and
overall maintenance.

+ Well-designed and well-sited security measures minimize disruption and space
consumption on public streets and sidewalks.

+ Well-designed, ‘hardened’ streetscape elements can offer both security and amenity.

LIMITATIONS

— Maintaining high urban design standards in security retrofits is challenging. Best
results are achieved when streetscape measures are designed in conjunction with
new building construction.

— Achieving consistency and aesthetic continuity is difficult since security strategies
are usually highly site specific.

— Quality materials and custom design are more costly than off-the-shelf solutions.

— Underground utilities may require relocation to accommodate footings for
‘hardened’ elements.

BACKGROUND

Since the terrorist attacks of September 11th, 2001, heightened security in New
York City has led to the proliferation of security features within the streetscape
environment, particularly near public buildings, religious and financial institutions,

$S.6 OPTIMIZE SECURITY ENHANCEMENTS

transportation centers and other facilities of regional or symbolic importance. While
enhancing security in urban spaces is an essential objective, equally important is

the need to maintain the City’s vitality and openness. Security measures do not
necessarily have to restrict access and movement, nor do they have to detract from
streetscape aesthetics. Security enhancements can integrate measures to beautify
the public realm, provide increased amenity and landscaping, and improve the
streetscape environment for pedestrian movement. In fact, actively used streetscapes
or public spaces are safer and easier to police over the long run than empty ones.%°

INTEGRATION

= SA.1  Assess Site and High Performance Opportunities
= §8.5 Increase and Improve Right-of-Way Public Space and Green Areas
o LA.T  Increase the Quantity, Density and Diversity of Trees

TECHNICAL STRATEGIES

Site Assessment

= Convene designers, security experts, and local/state/federal agencies
to conduct a risk assessment and threat analysis of site. (SA.1)

= Determine an appropriate ‘protection level’.

= Avoid over-design of security measures.

Planning

Develop a security master plan for site:

= Produce a coherent strategy for deploying specific families of streetscape and
security elements. Achieve aesthetic continuity along streets.

s Coordinate planning for specific buildings with larger area-wide planning initiatives
to ensure compatibility and avoid duplication/redundancy of security measures.

= Provide perimeter security in a manner that does not impede commerce and
vitality, and does not excessively restrict pedestrian and vehicular mobility.

= At locations where greater standoff zones impact roadways, coordinate solutions
to improve surface mass transit operation, bicycle lanes, increased pedestrian and
green space, and emergency access routes.

= Evaluate whether positive streetscape elements such as streetlights, planters
and benches can be ‘hardened’ so they can function as both amenities and
components of perimeter security before resorting to bollards and walls. Avoid
practices that will compromise the health of street trees.

= Develop an efficient and cost-effective implementation strategy.

Design

= Consider the site context and architecture to design measures that are
complementary.

0 Project for Public Spaces. ‘Safety & Security in Public Space.’
http://www.pps.org/info/placemakingtools/issuepapers/safety_security.
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Coney Island Water Pollution Control Plant — Brooklyn, NY
Sweet-smelling and flowering plants are trained up the security fence surrounding a sewage
treatment complex.

o

Preserve historic features in significant or landmarked buildings.

Conduct engineering and crash testing of all elements prior to installation as
security measures.

In new building designs, integrate walls, terraces, raised planting beds, and other
security features so that they appear to be an extension of the building itself.

Plant or maintain mature trees (8’ caliper minimum) as effective security barriers.

= Use ‘hardened’ planters between trees to maintain required distance between
vertical barriers.

‘Harden’ other streetscape elements such as kiosks, newsstands, trashcans,
benches, bike racks, tree guards and drinking fountains.

If required, use posts and bollards that are compatibly scaled and attractively
designed; utilize retractable and removable bollards at vehicular access points.

In locations of sufficient width consider incorporating ornamental fountains or pools.
Integrate stormwater management objectives. (SM.3, SM.4)

Where appropriate, consider ‘jujitsu’, or ‘tank trap’ techniques that allow surfaces
to collapse under the weight of a truck causing the penetrating vehicle to nose dive
into a below-grade bunker.

Integrate other high performance practices with security measures, including traffic
calming, increased landscaping, stormwater management, etc.

REFERENCES

Architectural Institute of America, AIA Best Practices
“Best Practices: A Model for Harmony of Urban Design and Security” — December 2003

o

o

o

o

o

o

o

o

o

Gallagher, Patti and Alex Krieger
“Security with Dignity”
Urban Land, March 2003

General Services Administration
“Physical Security Criteria and Standards” — 1997

National Capital Planning Commission

“National Capital Urban Design and Security Plan”

National Capital Planning Commission

“Designing for Security in the Nation’s Capital”

NCPC report — November 2001

http.//www.ncpc.gov

Transportation Alternatives

“Establish Attractive Security and Pedestrian Areas in Lower Manhattan”
http.//www.transalt.org

US Department of Defense
“UFC 4-010-01 DoD Minimum Anti-Terrorism Standards for Buildings” — 2002

Whole Building Design Guide
“Accommodate Life Safety and Security Needs”
http.//www.wbdg.org/design/index




oo

10

HIGH PERFORMANCE INFRASTRUCTURE GUIDELINES -

3.7

OPTIMIZE
STREETLIGHTING
AND SIGNALING

OBJECTIVE

Achieve the most energy efficient streetlighting and signaling while maintaining a
safe, uniformly lighted, and aesthetically pleasing nighttime environment.

BENEFITS

+ Reduces energy use and saves money.

+ Improves streetscape for pedestrians by increasing visibility and safety.

+ Off-grid street lighting enhances emergency preparedness and improves security
during blackouts and emergencies.

+ Minimizes glare and light-pollution caused by light trespass.

+ Highlights the identity and character of an area.

LIMITATIONS

— Additional research, prototyping and pilot installations are needed for
emerging technologies.

BACKGROUND

New York City has provided lighting on its streets since 1762, and currently
maintains approximately 300,000 street lights within its five boroughs. In the City,
pedestrians’ nighttime safety is of primary importance in determining illuminance
design standards since NYC is predominately a walking and mass-transit city.5!
To improve lighting systems, it is essential to consider their environmental,
physiological, social and biological impacts. These impacts can be discussed in
terms of light, energy, and materials:
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51 The NYC DOT’s Division of Street lighting is responsible for determining street lighting standards, and
installation, operation and maintenance of all City lights and most signals.
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Light

The nighttime environment has the potential for high contrast lighting and glare due

to multiple man-made light sources under the dark sky vault.

Accordingly, specific lighting quality issues must be taken into account:

= Nighttime visibility, peripheral detection, adaptation.

= Security, safety, shadows, facial recognition, uniformity.

= Color appearance and contrast.

= ‘Light trespass’ is unwanted light from an adjacent source, which causes spill and
glare.5? Light trespass causes annoyance and discomfort and may become a safety
concern by impairing nighttime visibility.

= ‘Light pollution’ is a reduction in sky magnitude, or the relative visibility of the stars
or darkness of the sky. It is caused by the direct loss of light up into the atmosphere
and also reflected light off the earth or other surfaces.

Energy

Globally, 8% of lighting energy use is devoted to street and other exterior lighting.5 In
terms of energy expended, street lighting has considerably less impact than lighting in
the residential, service, and industrial sector. However, it is estimated that 15 TWh are
used annually for street lighting in the United States, which in itself is considerable.5
Diminishing fossil fuel resources, air pollution from power plants, and the increasing
cost of energy make increasing energy efficiency in streetlighting a high priority.

Materials

The embodied energy of streetlighting and signaling fixtures can be minimized by
using recycled materials in poles and appurtenances, which are typically aluminum
or steel. Additionally, hazardous wastes such as lead, mercury and other chemical
compounds should be eliminated from lamps and ballasts.

INTEGRATION

= §8.1  Work with Community Groups to Enhance and Maintain Streetscape
= §8.2  Improve Streetscape for Pedestrians

= §S.4  Improve Streetscape for Surface Mass Transit

= 8§8.5 Increase and Improve Right-of-Way Public Space and Green Areas
= PA3 Maximize Pavement Albedo

o2 Spill is increased direct or reflective illumination, and glare is the sensation caused by an excessively bright
source directly within view.

3 http://eetd.lbl.gov/emills/PUBS/PDF/Global_Lighting_Energy.pdf
54 1TWh = 25 trillion lumen-hours
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TECHNICAL STRATEGIES

Retrofit of Existing Fixtures

Re-lamp existing luminaries to reduce light trespass, provide more even illumination, and improve
energy efficiency and sustainabhility:

o

o

o

o

Attempt to reduce light trespass and pollution without increasing light fixture
numbers or decreasing light levels on the ground.

Use highest-cutoff fixtures possible while still meeting photometric requirements.
Use flat lens lamps.

Reduce luminance ratios to provide more even illumination.

Install shielding devices.

To reduce the amount of kilowatt-hours consumed, re-lamp with lamps that have
high relative efficacies, and re-install luminaires with high relative efficiencies.
Select lamps with long rated lamp life.

Clean luminaires regularly to maintain greater efficiency.

Replace electromagnetic ballasts with electronic ballasting, where applicable, to
achieve improved lifetime lamp performance.%

Re-lamp with reduced or no-mercury lamps to minimize environmental impacts
associated with disposal of hazardous material.

Installation of New Lighting Fixtures
Prevent light trespass and improve ground-level illumination:

o

o

Consider the use of full-cutoff fixtures. If necessary —and if energy consumption is not
increased —install new poles at a closer spacing to meet photometric requirements.
Use flat-lens lamps to reduce glare.

Optimize energy performance:

o

o

o

o
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To reduce the amount of kilowatt-hours consumed, select lamps with high relative

efficacies, and select luminaires with high relative efficiencies and long rated lamp life.%’

Select lamps with high average lamp life.

Use electronic ballasts.

Minimize luminaire dirt depreciation (LDD)%® by properly sealing and gasketing
fixtures to prevent the ingress of dirt, water, and other foreign objects. Select
luminaires that can be easily cleaned.

Lamp efficacy is the ratio of light output to the electric power consumed (Lumens per Watt). Lamp efficiency
is the percentage of light exiting the fixture. New York City employs High Pressure Sodium lamping
technology, which has an efficacy of as much as 110 lumens per watt, and rated lamp life that outperforms
most other technologies.

For more information regarding ballasting refer to the Advanced Lighting Guidelines published by the New
Buildings Institute, sponsored by the California Energy Commission.

High Pressure Sodium and Metal Halide lamps have higher efficacies than Mercury Vapor Lamps -

80-130 Im/W for HPS and 70-110 Im/W for MH, as compared with 40-60 Im/W for MV. High intensity
fluorescent lamps have high luminous efficacies for mesopic/night-time light levels and may consume less
energy overall than HPS. High-efficiency roadway luminaires generally have an efficiency of >75%.

The accumulation of dirt on luminaires results in loss of light output and therefore wastes energy and impairs
performance of streetlight.
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NYC 2004 City Lights Streetlight Competition — Winning Design

In 2004, the NYC Department of Design and Construction, in partnership with the NYC Department of
Transportation, conducted an international design competition to seek out a new streetlight design for
the City in the 21st Century. The winning proposal, currently under development by the City, incorporates
light-emitting diodes and photovoltaic panels to allow for a more energy-efficient and environmentally
beneficial design.

= Consider the synergy between light colored, high albedo pavement and improved

light reflectance from street lights, in order to optimize energy performance. See PA.2
for more details.

Consider employing emerging lighting technologies:
= Consider induction lighting (60-75 Im/W, with up to 100,000 hours of life).%°
= Consider light-emitting diodes (LEDs) for signaling and streetlighting (see

59

examples).®°

Induction lighting is an energy efficient, emerging lamp technology used widely in Europe with good color
rendering (but high initial costs).

’ City traffic lights are illuminated with light-emitting diodes (LED), as opposed to the incandescent lights many

other cities currently employ. Red, yellow and green-colored LEDs are now available with efficacies of 25-40
Im/W. Besides having efficacies that are comparable with or better than incandescents, they do not incur the
losses — up to 70% — due to filters used with incandescent lamps. The efficacy of white LEDs now achieves
as much 40 Im/W and is advancing rapidly.
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o

Consider fluorescent lighting, which provides better color rendition and visual
acuity.

= Explore possibility of installing sensors that would send a signal to a central location

when the light is out to reduce maintenance costs.

= Use photocells to ensure streetlights operate only when daylight or ambient light is
insufficient.

= To reduce demand on the central grid and increase emergency preparedness,
consider installing photovoltaic panels on a portion of street lighting and consider
using distributed generation energy sources.®!

Use environmentally preferable materials and resources:

= Use a high percentage of recycled-content materials in support structures.

= Reuse materials and components where possible.

= Use low-emitting (low VOC) paints and primers on poles and appurtenances.

= Use local materials to reduce embodied energy.

Repair and reuse damaged poles. Re-galvanize if necessary.

= Recycle unusable, damaged poles and other materials.

Enforce proper handling and safe disposal of lamps, ballasts, and other lighting
elements containing hazardous materials.

EXAMPLES

Tucson, Arizona replaced 22,000 street lights with hooded light fixtures, preventing
light trespass and reducing wattage by 50% compared to the old fixtures. The
resulting energy savings enabled Tucson to recover the costs of installation in three
years. Remarkably, the Milky Way became visible to the downtown population of
500,000 people for the first time in decades.

u]

o

Calgary, Canada is the first city in North America to embark on an extensive program
to retrofit residential streetlights with new, lower-wattage, flat lens fixtures.

Easthampton, Massachusetts utilized new prototype fluorescent streetlights in a
project in cooperation with the U.S. EPA, the Lighting Research Center, and a local
utility. These fixtures used 30% less energy than high pressure sodium.

San Diego, California retrofitted 179 five-globe HPS fixtures in a historic district with
induction lamps, with expected annual energy and maintenance savings of nearly
$13,000.

61 Costs of PV paneled fixtures and grid connected lighting may be equivalent due to costs of cable laying and
street repair.
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PA.1
MAXIMIZE PAVEMENT
LIFECYCLE CITYWIDE

OBJECTIVE

Undertake a comprehensive regime of planning, budgeting, construction,
maintenance, and monitoring strategies to maximize pavement lifecycle citywide.
Develop a citywide pavement management system to ensure that the entire

roadway system is performing as well as possible at all times. Coordinate pavement
management system with other citywide infrastructure planning processes to reduce
disruption and coordinate construction work, redouble the value of infrastructure
investments, and minimize unanticipated future work that would lead to pavement
degradation.

BENEFITS

+ Improves the durability, performance, and lifecycle of pavements.

+ Decreases construction work and costs, and energy and material inputs.

+ Reduces impact of construction on the environment and community.

+ Optimizes the effectiveness and value of public investments in infrastructure.

+ Comprehensive planning helps to minimize unanticipated future work that could
lead to pavement degradation.

LIMITATIONS

— Implementation will require a substantial enhancement of the City’s current capital
asset management program in order to address NYC's extensive road system. Such
an initiative will require long-term, dedicated funding.

— A comprehensive pavement management system will require extensive
coordination with and cooperation of public and private utilities.

BACKGROUND

A pavement management system is a comprehensive strategy and integrated
process for operating and maintaining a city’s entire roadway system. A pavement
management system oversees a comprehensive regime of planning, construction,
operation, maintenance and monitoring activities, including preventative
maintenance, corrective maintenance, holding maintenance, emergency
maintenance, condition assessment, lifecycle cost analysis, and so on. A pavement
management system is extremely beneficial because it allows stakeholders to
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understand and track the relationship between municipal pavement investment and
the resulting level of service. This understanding will help to optimize infrastructure
investments, improve operational and maintenance techniques, and ensure long-
term performance of the City’s roadway system. For best results, coordinate the
pavement management system with other citywide infrastructure planning processes,
including streetscape improvement planning (s.1), utility infrastructure planning (ul.1),
stormwater management planning (SM.1), and landscape planning (LA.1).

INTEGRATION

= §8.1  Work with Community Groups to Enhance and Maintain Streetscape
= PA.3  Maximize Pavement Albedo

= PA6 Use Recycled and Reclaimed Materials

= U1 Minimize Impact of Utility Work

= UL.2 Improve Restoration of Utility Cut Trenches

= UL3 Coordinate Utility Infrastructure for Easy Access and Maintenance
o UL4  Use Trenchless Technologies

o SM.1  Conduct Integrated Stormwater Management Planning

o LA.1  Optimize Citywide Landscape Planning

o LA4  Use Structural Soils Where Appropriate

o LA.8 Plant Trees to Maximize Shading of Pavement

s CP5 Minimize Disruption and Impact of Right-of-Way Construction

TECHNICAL STRATEGIES

Develop a citywide pavement management system: Develop and implement a system
to coordinate all pavement planning, construction, operations and maintenance
activities. The pavement management system should encompass the following
activities:

= Regular investigation of roads.

= Condition assessment and prediction of future performance.

= Selection of maintenance and rehabilitation techniques.

= Prioritization of critical maintenance and rehabilitation projects.

= Adequate budgeting for planning, design, construction, and maintenance.

= Design and construction.

= Ongoing monitoring.

= Preventative maintenance.

Develop and maintain a central d