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Preface

Our 21% Century Linear Transportation Infrastructure will be quite a different world
than the current “Grey” system of one size fits all geometric designs, environmental
compliance, material selections, and systems operations. As we move ahead towards
rebuilding our urban, suburban and rural infrastructure we will have many substantial
challenges, one of which is how transportation planners and engineers, resource
agencies, and regulators address sustainable and green design. The world of highway
and local street planning and design is no longer just the purview of traffic and civil
engineers. Interdisciplinary project teams must be formed to address the complex
multi-modal planning, regional environmental issues, context sensitive solutions,
climate change, green rating systems, economic development, and other emerging
and often changing issues. A new level of collaboration and understanding of how to
integrate state-of-the-art practices into projects and programs will be required to meet
this challenge. This first American Society of Civil Engineers (ASCE) Transportation
and Development Institute (T&DI) conference on Green Streets and Highways is a
major step forward and will be the foundation of many subsequent conferences and
efforts for developing transportation systems that are truly sustainable. The roots of
this conference began over five (5) years ago through the formation of the Green
Highways Partnership (GHP). The GHP was established by the United States
Environmental Protection Agency (USEPA) Region 3, USEPA Headquarters and the
Federal Highway Administration (FHWA) to begin developing a transportation
planning and design approach that would leave watersheds and project areas “better
than before”. A group of state and regional transportation agencies, environmental
groups, universities, non-profit organizations, such as T&DI/ASCE, industry groups,
and other stakeholders began to form a network of collaboration on developing
approaches in the theme areas of Conservation, Sustainable Stormwater
Management, and Recyclable and Reuse. This conference reflects the value of
collaboration and innovation that was established in these initial efforts.

This conference is unlike many technical T&DI/ASCE conferences that focus on the
presentation of papers in narrowly focused subject areas. The conference program
was designed to encourage the presentation of state-of-the-art innovative practices
that could be used to form a dialogue and the basis for future collaborative efforts
between practitioners, industry, regulators, educators, and researchers to help develop
the future direction and approach for Green Streets and Highways. The major topic
areas for the conference focus around sustainable and integrated planning and design,
green pavements and construction materials, watershed and environmental planning
and design, and rating systems. The papers in the proceedings present the state-of-
the-art in these topic areas. They include research that is focused on specific research
areas as well as strategies for the integration and management of sustainable design
approaches. The papers identify the technical, research, and institutional challenges



that are a reflection of where our profession is on these issues. The information
presented will be essential in developing the necessary tools and education that will
be required to meet this challenge.

Not all conference session presenters submitted a formal written paper to be included
in this proceedings. However, PowerPoint presentations received prior to the
conference were compiled onto an additional CD which was distributed to conference
attendees. The presentations contained on the additional CD and those presentations
subsequently received can be found on the conference website at www.green-streets-
highways.org.
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ABSTRACT

The Mercer Corridor Project will be an example for how integration of land use with
transportation will transform a neighborhood into a more sustainable development.
Implementing this requires strong partnerships, committed leadership, and clear
objectives. Traditional design related to relieving congestion puts greater value on
infrastructure that provides wide streets, high speeds, and limited access without
considering elements that would make a community more livable, walkable, and
sustainable.

In absence of formal guidance for encouraging sustainable practices in design, materials,
and construction, substantial infrastructure projects like arterial roadway reconstruction
become “lost opportunities” to positively impact climate change. In evaluating solutions,
other performance metrics related to livability, walkability, and interaction with land use
are often secondary or rely more on subjective or qualitative information. The City of
Seattle’s voluntary commitment in 2005 to meeting greenhouse gas reduction targets—
consistent with the Kyoto Protocols—provided direction for developing infrastructure to
help meet those targets. Developing a dense urban neighborhood adjacent to Downtown
and served with a streetcar along South Lake Union furthers the City’s objectives toward
a more sustainable neighborhood supported by sustainable travel choices.

This paper explores the methodical approach to evaluating and creating project
development tools to support City sustainability objectives; it also reviews the outcomes
of applying these tools on the Mercer Corridor Project, which is currently under
construction. As part of the design process, tools and applications including a
sustainability workshop were developed to identify the broadest range of sustainability
elements and test them on the preliminary Mercer Corridor design. Because of its strong
partnership, readiness for construction, transformative impact on community,
commitment to economic revitalization, and sustainability, the Mercer Corridor Project
was one of only two projects in Washington State to receive Transportation Investment
Generating Economic Recovery (TIGER) grants. TIGER grant funding, awarded in
February 2010, has allowed this project and its sustainable design elements to start
construction in the spring 2010. This paper describes workshop elements that were
successful, why some were not, and lessons learned during implementation.
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Creating a Sustainable Neighborhood: Mercer Corridor Project
Introduction

This paper reviews the evolution of the development of the Mercer Corridor Project
in Seattle, Washington. The Mercer Corridor is located just north of Downtown
Seattle in the South Lake Union neighborhood (Figure 1). As shown in the figure,
along with being adjacent to a developing destination and park at South Lake Union,
this area is generally underdeveloped with many surface parking lots and low density
development.

This narrative discusses the following topics: the area’s background and history, past
solutions considered, changing land use context, stakeholder values, consideration of
broader objectives, and
alternatives selection. With
project design complete, this
paper will also report on
lessons learned including
tools, applications, and
outcomes of incorporating
sustainable solutions,
flexible design, and context-
sensitive solutions

Background and History
. South Lake Union History

South Lake Union is located
e Sl S ) . approximately one mile
Figure 1. South Lake Union Area north of Downtown Seattle

on the south shore of Lake
Union. Figure 1 is an aerial of the South Lake Union area. This area is cut off from
other urban neighborhoods by limited-access highways: Interstate 5 (I-5) on the east
and State Route (SR) 99 on the west.

Y \ ol b

This area has seen little private or public investment in the latter half of the last
century, even though this area has a long history of development. Pioneer David
Denny opened his sawmill on the shore of Lake Union in 1892, and that was followed
by the arrival of manufacturing at the turn of the century. The advent of
manufacturing brought with it shipbuilding, Boeing seaplane fabrication, and a
regional Model T assembly plant. Since the Great Depression, South Lake Union has
evolved into an area of small businesses, warehouses, and automobile-oriented
services. Despite its natural assets and proximity to the heart of the greater Seattle
region, residential and job growth that came to other Seattle neighborhoods in the
1980s and 1990s passed this neighborhood by. In part this lack of development has
lead to indecision and uncertainty about major transportation projects needed to
improve mobility, access, and connectivity in and around South Lake Union.
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Past Transportation Proposals

In the late 1960s, the City acquired several properties between I-5 and SR 99 with the
intention of constructing an elevated roadway—the Bay Freeway—to provide direct
connections between I-5 and SR 99, as well as Seattle Center, the site of the 1962
World’s Fair. This proposed freeway was to serve as a link in a freeway system that
would encircle Downtown Seattle. In 1972, however, Seattle citizens voted to end
funding for the Bay Freeway, leaving the City holding the freeway properties.

Over the next 30 years, the City completed over 50 land use, transportation, and/or
open space studies for this area. The transportation system serving the South Lake
Union neighborhood became known as the “Mercer Mess” because of traffic
congestion, difficult access within the neighborhood, and incomplete connectivity for
the road network. Several alternatives to solve the “Mercer Mess” were proposed,
most of them incorporating limited access or grade-separation to move traffic through
this area and to connect [-5 to SR 99 and Seattle Center. While the concepts varied,
they typically had similar themes:

» Separate through traffic from local traffic

* Provide priority for high-occupancy vehicles (HOVs) and transit

» Incorporate the existing Broad Street Tunnel to cross under SR 99

* Connect to Seattle Center

* Improve connections to Downtown

= Support the development of a park on the south edge of Lake Union

LEGEND i

h Westhound Mercer Corridor !
§
ﬂ Eastbound Mercer Corridor

n Signalized Intersections

T 546 520

E H MERCER ST I H o

Figure 2. Mercer Corridor Existing Circulation Patterns
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None of the plans were implemented, however, due to disagreement among City
leaders, public opposition and lack of funding. Eventually, Mercer Street was
converted from a four-lane, two-way roadway between [-5 and Seattle Center to a
one-way street to help move more traffic from Seattle Center to I-5. Westbound
traffic was routed from I-5 via a zigzagging route that included Fairview Avenue
North, Valley Street, and then Broad Street to get across SR 99; this was considered a
temporary fix. Figure 2 depicts these circuitous transportation patterns.

The last major proposal for the Mercer Corridor was through the Seattle Commons
proposal in the early to mid-1990s. This proposal would have created a large central
park connecting Downtown Seattle to Lake Union using an expressway that would
run from I-5 under the park, connecting to the Broad Street underpass across SR 99.
Seattle voters, however, did not approve funding for the Seattle Commons proposal.

Linkage to Land Use

Concurrently, Center City Seattle's 10 Neighborhoods
land use

policies in
Washington and
the Puget Sound
region also
evolved. In
response to
environmental

concerns,
threats of
sprawl, and
policies such as
the Intermodal
Surface
Transportation
Efficiency Act
(ISTEA); the
Washington
State Growth
Management
Act! was
adopted in 1990
to promote
efficient
infrastructure
use by
encouraging
growth to
increase density

1 Growth Management Act Revised Code of Washington 36.70A, 1990.

| Capitol
| Hill

Denny
Triangle

+. Pioneer
| Square

Figure 3. Center City Strategy Neighborhoods
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within urban areas. Regional policy-planning documents, including Puget Sound
Regional Council’s Vision 20202, sought to encourage growth within urban areas.
While in-fill type development accommodated growth into the 21st century in Puget
Sound, urban centers continue to be encouraged with increasing pressure for greater
density within the established growth boundaries. The South Lake Union area directly
adjacent to Seattle’s downtown core provides an opportunity for greater density and a
mix of uses, including residential, high-tech jobs, and community resources. For
more than 15 years Seattle has considered a variety of land use plans for an area that
has historically encompassed low rise commercial and industrial uses. When the
Mercer Corridor Project began the most recent environmental process, up to 19
percent of the land was reported to be occupied by surface parking lots. Seattle’s
Center City Strategy, was intended to create livable and vibrant neighborhoods with
easy access to the downtown core. Areas served by the project are home to 245,000
existing jobs, which are expected to grow by 50,000 new jobs by the year 2024. The
Mercer Corridor Project provides a main street for the growing biotechnology hub in
the South Lake Union neighborhood, connects a number of urban centers to I-5, and
carries over 80,000 vehicles each day. This corridor is critical for the successful
movement of freight to the Port of Seattle and provides access to the Port’s facilities
on the north side of Elliott Bay, the International Cruise Terminal, Fisherman’s
Terminal, shipping facilities, and other industrial uses

Assuming full occupancy, this development represents 22,000 jobs in space
completed, under construction, or in the permitting pipeline. For more than a 20-year
period, this economic development is estimated to create about $500 million in tax
revenue to the State of Washington.3

Amazon.com and the Bill and Melinda Gates Foundation are two of the major
organizations growing in the South Lake Union neighborhood. Both will establish
their headquarter complexes along the Mercer Corridor, and they both are
contributing funding to the project. The Fred Hutchinson Cancer Research Center and
University of Washington Medical Center are also expanding along this Mercer
Corridor.4

Increased height limits adopted by the City will encourage revitalization in this area
to help meet regional growth objectives, while placing that growth in an urban
environment, well served by transportation infrastructure. Transportation
infrastructure serving the corridor includes a streetcar developed to link the area to
the Downtown core and two major arterials: the Mercer Street-Valley Street-Broad
Street arterial is a convoluted, one-way couplet system running east-west, and SR 99
is a high-speed, high-volume north-south corridor. An environmental process was
initiated in 2004 to look at the east-west Mercer Corridor including Valley Street.

The Mercer Corridor is part of a greater vision for the South Lake Union area. A
separate project, part of a large state highway replacement project, would remove
barriers between South Lake Union and neighborhoods to the west, while providing

2 PSRC, Vision 2020 Draft Environmental Impact Statement, 2006.
3 http://www.seattle.gov/transportation/ppmp_mercer_ec.htm
4 http://www.seattle.gov/transportation/ppmp_mercer_ec.htm
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additional street connections that would serve as alternative routes for some of the
Mercer Corridor traffic. The vision also calls for improved transit service in the form
of a streetcar connecting this area to the regional downtown transit hub; bicycle
improvements; and other neighborhood pedestrian improvements. A successful
alternative for the Mercer Corridor must be compatible with these improvements.

Mercer Corridor Alternatives Development and Selection
Alternatives That Were Considered

Two alternatives were identified at the beginning of the environmental review
process for the Mercer Corridor, and a third was added during the scoping and
alternative development phase. These are Alternative A, Alternative B, and
Alternative C.

Alternative A, developed in the 1998 Neighborhood Plan, would retain the current
one-way couplet configuration and realign the I-5 off-ramp and an adjacent
intersection at the east end of the corridor to facilitate the flow of westbound traffic
into South Lake Union. With this alternative, Roy Street would be improved as a
westbound street with a new crossing under Aurora Avenue for traffic, bicycles, and
pedestrians. Improved sidewalks and a new signal on Mercer Street and on Valley
Street would provide modest access improvements for pedestrians, including a new
connection to the Lake Union waterfront. This alternative does not address all of the
issues identified by the neighborhood, but it was considered an attempt to make
modest improvements to traffic flow with limited resources. This alternative was also
motivated by a desire to bring closure to over 30 years of planning for a “big fix.”

Alternative B, the Two-Way Mercer Alternative, would widen Mercer Street from a
four-lane, one-way street to a two-way street with three lanes in each direction and a
landscaped median. Valley Street would be narrowed to a two-lane street along the
south end of Lake Union to enhance the environment around South Lake Union Park
and planned residential and commercial development. Improved sidewalks, new
signals on Mercer and Valley streets, and other intersection improvements along
Valley Street would provide safe and convenient access for pedestrians. A bicycle
lane along Valley Street would provide an east-west bicycle route through the
neighborhood.

A third, Alternative C, was developed in response to public and Seattle City Council
staff concerns about the ability of either alternatives A or B to reduce overall
vehicular traffic delays. As a result, this alternative was developed with the primary
objective of reducing travel times and delays through the corridor, and it is essentially
a freeway/expressway option. This alternative would lower the mainline Mercer
Street below grade and widen it to a two-way street with three lanes in each direction.
Grade-separated vehicle and pedestrian crossings would be provided at three
locations to provide north-south connections. At-grade access would be provided by a
one- to two-lane frontage road on either side of the lowered Mercer Street. Similar to
the Two-Way Mercer Alternative, Valley Street would be narrowed to a two-lane
street along the south end of Lake Union, and a bicycle lane along Valley Street
would provide an east-west bicycle route through the neighborhood.
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Nontraditional Evaluation

The City has moved in new policy directions that support sustainability and complete
streets. The City also envisioned the Mercer Corridor as a potential “Great Street”
with enhancements to create a boulevard style place for gathering. With this shift in
corridor objectives, the evaluation of alternatives to prioritize alternative modes has
also changed.

The project team evaluated the three alternatives (A, B, and C) across the objectives,
using traditional criteria such as traffic operations and vehicular travel time, along
with non-traditional criteria such as mobility for non-motorized modes, and access
for land use within the corridor for all modes, specifically pedestrians. The
importance of pedestrians was further evaluated for build and no build proposals
using a walkability index, described later in this paper.

The Two-Way Mercer Street Alternative (Alternative B) rated higher than the other
two alternatives across all project objectives; the stakeholder group further confirmed
the project team’s evaluation. Upon further consideration, the Two-Way Mercer
Street Alternative clearly emerged as the only alternative that would meet all project
objectives and is, therefore, considered the preferred alternative.

Following is a summary of key findings about how the alternatives performed using
the broad objectives and criteria.

Alternative A

* Improves travel times in the Mercer Corridor over the No-Action Scenario under
year 2030 projected traffic demand
= Reduces the average delay per vehicle in the South Lake Union transportation
network compared to 2030 No-Action Scenario
= Provides a new connection across Aurora Avenue for westbound vehicles,
pedestrians, and bicycles
= This alternative does not advance other project objectives:
— Does not improve traffic patterns or volumes on Valley Street and, therefore,
does not support the plan for South Lake Union Park
— Provides only limited improvement for pedestrians (new signalized crossings
on Mercer and Valley streets at Terry Avenue North only); difficult crossings
at Fairview Avenue North and Valley Street remain
— Does not improve access to properties along the south side of Valley Street;
access remains limited by the traffic patterns and design of Valley Street
= Requires right-of-way at the intersection of Fairview Avenue North and Valley
Street and potentially along Roy Street near Aurora Avenue.

Alternative B

* Maintains regional travel time and system-wide delays similar to the No-Action
Scenario, with some improvement to the westbound travel time due to the direct
route from I-5

* Maintains or improves corridor freight connections (e.g., Mercer Street to
Westlake Avenue North)
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Consolidates major traffic volumes into one street—Mercer—with wider
sidewalks, median, and signalized crossings for pedestrians; enables Mercer Street
to become an attractive gateway to South Lake Union

Reduces Valley Street traffic volumes and roadway width substantially,
supporting the plan for South Lake Union Park

Removes Valley Street as a barrier to the park, providing safe, convenient
pedestrian access at all locations (including Fairview Avenue North) and
connecting the neighborhood to the park

With the two-way street grid, enhances local circulation for vehicles, bicycles, and
pedestrians

Provides the most convenient businesses access and least circuitous routing

With new bicycle lanes on Valley and Roy streets, connects Fairview Avenue
North to bicycle lanes on Dexter Avenue North

Provides greater opportunity for east-west transit service, while the pedestrian
network assures access to transit, with the two-way street system through the
neighborhood

Requires 65 to 70 feet of additional right-of-way for Mercer Street

Alternative C

Proves the least compatible with City and South Lake Union Neighborhood Plan

policies, which recommended against any consideration of an expressway

Off-sets improved travel times through the neighborhood with impacts to local

circulation for vehicular traffic

Reduces east-west travel times but slightly increases systemwide delays over the

No-Action Scenario because this alternative creates the most circuitous routing

Minimizes queue impacts to I-5, restricts some movements from the I-5 ramps to

the surface streets with proposed grade separation at Fairview Avenue North

Inhibits access to businesses within the corridor by increased circuitry and limited

access between the expressway and local properties

Impacts to pedestrians and bicyclists are also mixed:

— Bicycle lanes on Valley and Roy streets connect Fairview Avenue North to
bicycle lanes on Dexter Avenue North

— Provides pedestrian crossings on Mercer Street at Fairview, Terry and
Westlake avenues north, with long crossing distance over the lowered
expressway

— Eliminates pedestrian crossing at Ninth Avenue; does not provide any
pedestrian access along the north side of Mercer Street between Westlake and
Dexter avenues north

— Establishes Valley Street as similar to surface, two-way Mercer Street

Requires approximately 100 feet of additional right-of-way; further design

concepts could be modified to reduce right-of-way impacts (for example, placing

the surface street over the lowered Mercer Street)

Alternative B Selected

Alternative B was selected as the best solution to promote not only mobility goals but
objectives for promoting alternative modes. This alternative was also endorsed by a
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broad stakeholder group as part of a larger Mercer Corridor solution, including
connections to SR 99, new east-west grid reconnections, and extension of the one-
way couplet east.

In 2004 the City began the
environmental
documentation and design
process. Staying true to the
s 8 objectives that guided the
\ alternative selection
required diligence on the
part of the design team to
use design tools and create
applications that would
result in a functional
roadway that pushed the
limits for sustainability and
community development.

& Bed B

Figure 4. Mercer Corridor Alternative B

Design Process Tools, Applications, and Outcomes

Design Tools

To bring the vision for the Mercer Corridor to fruition required that the design team
be committed to the project vision of a “Great Streets”-style boulevard with broad
pedestrian facilities and supportive of dense, urban residential and employment uses.
Early on in project development, the emphasis was to create a destination place that
travelers would want to drive fo rather than just through. Following are tools used by
the design team to ensure optimization to meet this vision:

A Walkability Index. Given that the ultimate two-way configuration for the
Mercer Corridor would be wider (and create longer walk times) for pedestrians, a
walkability index was prepared to look collectively at pedestrian amenities. While
the roadway vision to be a wider “Great Street” with broad sidewalks was part of
the initial vision, the welfare of pedestrians and walkability of the neighborhood
was paramount to the overall land use goals. The walkability index helped frame
as well as gain support for Mercer Corridor by documenting both positive and
negative tradeoffs of the project for pedestrians. Considering the changes
anticipated to occur in the South Lake Union area an along the Mercer Corridor
(consisting of both Mercer and Valley streets) the following criteria were assessed
in detail:

= Pedestrian accident location improvements
* Sidewalk width

* Intersection crossings and distance

* Curbradius

* Amenity area (between sidewalk and street)
= ADA curb improvements



*  On-street parking

Green Streets and Highways 2010 © ASCE 2011

Table 1 summarizes results from the walkability index®.

Table 1. Summary of Pedestrian System Characteristics: 2030 No-Build and Build

Comparison

Pedestrian System
Characteristic Evaluated

Overall Impression of
2030 Build Alternative

Notes

Pedestrian accident
location improvements

Better than no-build

= 6 existing pedestrian locations will
receive improvements with the build
alternative

Sidewalk width

Better than no-build

67 percent of blocks analyzed will have
wide sidewalks with the build alternative

The amount of linear feet of 10-foot
sidewalk increases by over 2,400 feet
with the build alternative.

Intersection crossings and
distance

Better than no-build

Worse than no-build

11 additional crossing added with the
build alternative.

More crossings are lengthened as
opposed to shortened with the build
alternative.

Curb radius

Worse than no-build

95 percent of curb radii measurements
are 35 feel or less with the build
alternative (compared with 91 percent
with the no-build alternative).

20- and 25-foot radii are more common
that 10 and 15-foot with the build
alternative; 10- and 15-foot are more
common than 20- and 25-foot radii with
the no-build alternative.

Amenity area (between
street and sidewalk)

Better than no-build

= 78 percent of amenity area block
measurements increase amenity area
width with the build alternative over the
no-build alternative.

ADA curb ramp
improvements

Better than no-build

= 50 percent of study area intersections are
improved with the build alternative.

15 curb ramps improve ramps in poor
condition or with limited access with the
build alternative.

On-street parking

Better than no-build

= 28 percent of study area blocks would
include new on-street parking with the
build alternative.

Note: The two characteristics performing worse than the no-build are intended to be balanced by
other positive characteristics. Design or technology mitigation will likely be considered for
locations where curb radius or intersection cross distance appears to be an issue. Most of the
increases in curb radii and crossing distances are located along the Mercer Corridor, which is
intended to be somewhat secondary to the Valley Corridor in terms of pedestrian environment,
because vehicles are to be concentrated along Mercer Street.

5 Mercer Street/Valley Street 2030 Walkability: Comparison of Future No-Build and Proposed Build Alternatives, July
2006.
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While widening Mercer Street and providing longer crossing distances was seen
as a dis-benefit for pedestrians, a higher quality, shorter crossing distance is
created along Valley Street closest to the pedestrian amenities of South Lake
Union Park and the South Lake Union Streetcar. Of the criteria applied,
improvements at current pedestrian accident locations and amenities for
pedestrians in the way of increased sidewalk widths, landscaping, tighter curb-
radii and on-street parking afforded by the project helped quantify the benefits of
the Mercer Corridor Project for pedestrians.

= A “Complete Streets” Assessment. While the City’s “Complete Streets”
ordinance was not in place at the start of the project, the City passed a Complete
Streets Ordinance during project design®. In response to the City ordinance, the
project aimed to document that the project supported the ordinance by including
pedestrian amenities and bicycle facilities and addressing truck design issues (see
Truck Rodeo below).

= A “Great Streets” Assessment. The initial vision for the Mercer Corridor as a
“Great Street” required the design team to investigate the components of “Great
Streets” and document their elements, including sidewalk widths, adjacent uses,
amenities, and use of landscaping, in order to support that the project would be
transformative. An inventory of Great Street examples was catalogued to help
guide design.

* A Sustainability Workshop. As part of the City’s commitment to reducing
greenhouse gas and signing the Kyoto Protocols along with other US Mayors in

2005, the City has
created a Climate Action
Plan and Green Ribbon
Committee. The Mercer
Corridor project
facilitated a broad
structured sustainability
workshop8 to identify
ways to reduce the
project carbon footprint  ——
by reducing
consumption, reducing
impact to natural
environment, supporting
healthy urban communities, and supporting sustainability during implementation.
The framework is shown in figure 5. The workshop was implemented during

bility Duri‘

es Prowd‘ng 161

ng Imtple 1

Figure 5. Sustamablllty Workshop Framework

6 Seattle Complete Streets Ordinance, Council Bill Number: 115861, Ordinance Number: 122386 passed May,
2007.

7 http://www.seattle.gov/climate/about.htm
8 Bevan, Mercer Corridor Improvements Project Sustainability Design Workshop, Summary Notes, January 2007
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preliminary design and subsequently led to a set of recommendations to be further
vetted during final design.

Applications

Applying these tools to the project by designers required commitment to the vision.
Applications that supported the commitment of designers to the vision included:

* Design Standards for large vehicles: Truck Rodeo. In considering “Complete
Streets” and addressing concerns by freight agencies, one design challenge
involved developing specific design standards to accommodate large trucks—for
the ongoing use of the corridor to take freight from the interstate system to the
waterfront—while being mindful of the use of the corridor for pedestrians. Within
this challenge was gaining and keeping the confidence of key stakeholders related
to design standards for freight. A truck rodeo using GPS technology was
employed to validate design assumptions for large trucks. Large trucks with
professional drivers were videotaped to assess design assumptions for turn radius
of the large trucks. With key stakeholders present, the rodeo confirmed that design
assumptions were valid and also gained stakeholder confidence.

* Low-Impact Development. Stormwater drainage in Puget Sound is carefully
monitored because it could affect impact water systems that support endangered
species (such as various salmon species). Impervious surfaces that collect and
drain water into protected streams needs to be collected and treated. As a cost-
saving and impact-reducing measure, reducing impervious surfaces and treating
water through natural drainage systems was explores as part of the sustainability
workshop noted above identified. Applications that were explored and vetted
through final design included “rain gardens” linked to the South Lake Union Park
and natural drainage within project landscaping.

* Greenhouse Gas Emissions. Measuring and accounting for greenhouse gas
emissions was critical to verify the project’s sustainability performance. The
project uses multimodal travel demand models to assess mode shift resulting in
higher use of alternative, non carbon emission, modes of transportation.

Outcomes

The true measures of the success of a project and the design processes followed are
the positive outcomes. The Mercer Corridor is expected to be the example of a green,
sustainable, and efficient roadway in Puget Sound for many years to come.

[ s J /1 Construction has
; ' v e already begun.

= Low-Impact
AT S Development
% iy MU and Natural
A Drainage. The
L project, which
O includes a
landscaped

| S
Figure 6. Green Fingers Landscape Concepts (source LMIN Architects)

12



Green Streets and Highways 2010 © ASCE 2011 13

median and planting strips along newly widened sidewalks, will reduce the
amount of impervious surface area by 0.7 acre. The project also replaces water,
sewer, drainage, and electrical utilities that are 80 to 115 years old. New utility
systems are designed to accommodate growth, minimizing future construction
impacts. Natural drainage systems will be used to store and treat stormwater,
improving the environment, increasing biodiversity, reducing pollution and
runoff, and increasing urban habitat along the interface with Lake Union Park.
Specifically, “Green Fingers” shown in figure 6 were designed to pull landscaping
into the roadway.’

* Energy Efficiency. Throughout design, optimal use of more efficient energy
utilities was considered. During the sustainability workshop, ideas for reducing
energy consumption included using light emitting diode (LED) lighting and
renewable energy sources. The final design plans include solar power pay
stations, LED pavement markings that use less energy, traffic signal coordination,
and other Intelligent Transportation System (ITS) applications. SDOT estimates
that, by 2024, multimodal transportation improvements along the Mercer Corridor
will result in 80,000 more trips per day walking, bicycling, and riding the bus,
rather than in an automobile. This reduces energy use by 10 million gallons of
gasoline and over 85,000 tons of carbon dioxide emissions annually. "

* Funding. Finally, a testament to the partnerships and support surrounding the
Mercer Corridor, the project was submitted for the first round of funding from the
Federal Transportation Investment Generating Economic Recovery (TIGER)
grants. True to the grant’s intent, the project will be part of the catalyst that
creates a new sustainable and walkable community. As evidence of this, the
project was awarded $30 million as one of only two grants awarded in the state of
Washington.

Conclusions

Because it is a large road investment, the Mercer Corridor project will continue to
be viewed skeptically. Without common understanding of the notions of complete
streets, walkability and sustainability, which were not well described at the
inception of the Mercer Corridor Project design and environmental phase,
designers were left to improvise. Without prescribed formal guidance and design
process designers for this project have developed a variety of tools and
applications to genuinely address these objectives. Transforming a largely low
density commercial area with large surface parking areas to a thriving and vibrant
community is underway with the on-going construction of the Mercer Corridor
Project which will be completed in 2013. New tools and design processes are
being developed and are needed; however, success will be judged as the project
comes to fruition. The foresight and vision of the City of Seattle in committing to
the objectives of creating a sustainable, multi-modal, Great Street have already
born fruit, gaining the project funding under the desirable TIGER program.

9 http://www.seattle.gov/transportation/ppmp_mercer_sustainability.htm
10 http://www.seattle.gov/transportation/ppmp_mercer_sustainability.htm 2010
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Transportation Plan

East Side Corridor
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Abstract: The emphasis of the paper is to highlight the cooperative agency and community
sustainability initiatives created and set forth by the Denver Strategic Transportation Plan and
how these initiatives are influencing current projects. The Denver Strategic Transportation Plan
(STP) project team included Denver Public Works staff, engineering and transportation
consultants, an advisory committee and a technical committee. It also incorporated vast input
from Denver residents. The STP incorporates previous city planning efforts into one document
and moves forward to create a great and livable city for now and in the future. This is done by
developing a multimodal transportation system to support a livable, connected and sustainable
city. The project team created 12 travel sheds, which are study areas defined by geographical
boundaries that have characteristics and facilities serving similar travel patterns. The East Side
travel shed has recently become a mobility study that takes the STP initiatives to create project-
based solutions for its short- and long-term transportation needs. The mobility study is focusing
on multi-modal problems, not just vehicle congestion. The project team is looking at gaps within
the overall transportation system that are hindering alternative transportation modes.
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INTRODUCTION

As the population grows, so do the number of trips required to get people to where
they need to go whether it be work, shopping or an errand. Studies have shown that in
the US the majority of these trips are taken as single occupants in private automobiles
rather than by more environmentally friendly options such as carpooling, walking,
biking, or using transit. In addition, 78% of these trips are 3 miles or less. Although
when surveyed, people have indicated they want to walk or bike more and drive less.

Specifically, the Denver metro area projections indicate a population growth of more
than 1.3 million people, which leads to a total of 5.4 million daily trips, by 2030. The
Denver Strategic Transportation Plan (STP) (2008) was created with an emphasis of
getting people out of their cars and into other modes of transportation. Not only did
the Denver STP set out to create these solutions with innovative thinking but also by
using extensive public input. The emphasis of this paper is to highlight the
cooperative agencies and community sustainability initiatives influencing current
projects in Denver.

THE DENVER STRATEGIC PLAN PROCESS

The idea behind the Denver STP was to set up a road map for transportation policy
for now and into the future. Prior to the Denver STP, Denver had several
transportation planning efforts including Bicycle Master Plan Update (2001),
Blueprint Denver (2002), and Greenprint Denver (2006). These previous documents
began to lay out a transportation policy and plan. The Denver STP integrated the key
concepts from previous planning documents.. Some of the common concepts between
previous planning documents and the Denver STP include: create a city wide land-use
and transportation plan, support the development of a sustainable transportation
system, direct growth to Areas of Change, and improve the function of the streets.
The overall goal was to improve the environment for pedestrians, bicyclists, and
transit users and reduce the reliance on single-occupant vehicles. Multimodal streets
accommodate more trips by more people in the same amount of space and consider
all types of transportation to be equally important.

Once the intent of the Denver STP was apparent, the next step of the process was to
assemble the Denver Strategic Transportation Plan team. Their task would be to take
the previous planning documents and expand those ideas into a more detailed
transportation study. The Denver STP project team was headed by Denver Public
Works staff and included engineering and transportation consultants, an advisory
committee appointed by the Mayor, a technical committee, and a key staff committee.
Their make-up and responsibilities were:

e Advisory Committee — Included Denver City Council members,
regional agency representatives and interested citizens. Their role was
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to provide advice on policy and political considerations, general plan
direction and consistency of the Denver STP with Blueprint Denver.

e Technical Committee — Included representatives from the public, city
agencies, technical and regional staff. Their role was to provide advice
and direction for the study based on their technical expertise and
assisted in guiding the final recommendations.

o Key Staff Committee — Included representatives from various city
departments. Their role was to provide review and feedback on the
STP process, and advise the project team of any interdepartmental
goals or other city efforts for consideration.

e Consultant Teams — Various consultants were responsible for
preparing analysis for the project, including a characterization of
issues and a program of solutions for each of the 12 travel sheds.

Once assembled, the team then looked to reach out to the public. This was
accomplished by creating a website that was used to share information and solicit
public input as well as hosting several town meetings and focus groups. The website
offered presentation material and minutes from community meetings as well as forms
for community comments and surveys to facilitate discussion about community
values and priorities for transportation in Denver. Town meetings were used during
analysis and included presentations and question-and-answer sessions. Open focus
group discussions were first used for three pilot travel sheds, then for all travel sheds,
to determine travel areas of focus. A Community Values Worksheet was also
developed as a tool to initiate public discussion about what is important to the
community and how these values should be applied to decisions relating to the future
transportation system.

The successful community participation events effectively conveyed citywide
transportation needs to the project team. The public input results showed that
Denverites would prefer to commute less by automobile and instead use alternative
modes of transportation. However, there are several physical, behavioral and
operational impediments to changing their reliance on the automobile. Significant
planning was needed to accommodate the range of system users and their needs.

VISION

Denver is fortunate to be at the heart and soul of the Denver metro area. The city
benefits from a concentration of cultural and entertainment venues, a high number
and variety of jobs, and a wide range of housing choices. The city also has existing
bus and rail transit systems with expanded service planned for the future, a network
of bicycle and pedestrian routes, and a climate with 300 days of sunshine a year. This
leads to great possibility for use of a multimodal transportation system.
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The Denver STP looked to build on these assets by investing in a more balanced,
sustainable and multimodal transportation system. Through community input and
refinement by technical experts, the technical committee came up with five primary
areas to guide the Denver STP and future improvements to the transportation system.
Denver’s transportation system should be:

Multimodal

Safe, efficient and reliable

Connected

Green and sustainable

Supports a healthy, livable community

These key areas provide guidance to the city for future transportation improvements.
Of course, the real success of the plan depends largely on the users of the
transportation system. The users must be willing to change their transportation
behavior.

INNOVATION

In order to plan for a future that is multimodal and supports the community values,
the project team developed an innovative approach that combined the technical
modeling and analysis found in a traditional transportation planning effort, with a
more comprehensive look at citywide transportation needs and community desires.
The Denver STP process included the following key elements to plan for a
multimodal future:

e Use of geographical areas called “travel sheds” to provide an analysis
of the transportation system that looks at an area with similar travel
patterns;

e Measurement of all trips in a travel shed instead of only studying
vehicle demand in major corridors;

e Use of travel shed and program improvement recommendations that
help establish priorities for transportation funding;

e Use of “person trips” instead of just auto trips to evaluate impacts
caused by all types of travel, including bicycles, pedestrians, transit
and private and commercial vehicles;

e Measurement of transportation capacity instead of only counting lane
miles, and limiting the transportation footprint.

The idea of a travel shed was created for the Denver STP. It’s derived from the theory
of a watershed. A watershed is a broad look at the interconnection of streams and
tributaries that drain into a large river basin. A travel shed substitutes streets and
mobility routes for streams and tributaries and looks at how those “drain” into the
transportation system. Each travel shed is a study area defined by geographical
boundaries that have characteristics and facilities serving similar travel patterns.
Another innovation of the Denver STP is the idea of “person trips” instead of looking
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at the vehicle trips or vehicle miles traveled. Person trips are trips created by all types
of transportation including personal vehicle, transit, bicycle, and pedestrian. Person
trips are a more comprehensive measure to evaluate the transportation network. The
project team looked at the total number of person trips for both existing and 2030
forecast conditions compared to the capacity of the existing and future transportation
system for each travel shed. When person trips exceeded the capacity, a “gap” was
highlighted in the transportation system indicating areas in the city that needed further
evaluation to better understand the transportation need and potential solutions. Once
the mobility needs were evaluated, recommendations were then categorized into
transportation improvement strategies for each travel shed.

STRATEGY

In order to achieve the desired multimodal transportation results for Denver,
numerous types of improvement strategies were recommended. They include both
short- and long-term projects as well as annual maintenance projects. Improvement
strategies were further categorized into the following segments:

e Behavioral
e Operational
e Physical

Strategies for behavioral change would support efforts within the Denver community
to reduce travel by single-occupancy vehicles and promote alternative modes of travel.
Specific ideas would be to fund promotional and operational programs designed to
encourage alternative travel modes such as carpooling and the more recently
implemented B-cycle bike-sharing program. Strategies for operational and physical
changes would improve the function or efficiency of existing facilities in the public
right-of-way with minor changes to the physical footprint and equipment (operational)
or create a new facility that can be added to or changed within the public right-of-way
(physical). Specific operational and physical ideas included maintenance of existing
infrastructure, completion of bicycle, pedestrian and street gaps, expansion of the
transit system, and reconstructing intersections to increase capacity and safety. The
Denver STP created a hierarchy of these strategies to maximize and prioritize
investment with scarce resources.

EAST SIDE TRAVEL SHED

Many of the short-term projects identified in the Denver STP are currently underway
as part of other initiatives including the 2007 Better Denver Bond Program. However,
many long-term steps were identified based on community values and with future
attention toward ways to fund Denver’s transportation vision. They included a plan
for moving people beyond 2015, support sustainable growth and urban infill, and
encourage shifts in travel behavior. As mentioned above, the project team created the
idea of a travel shed and identified 12 in Denver. Figure 1maps out the Denver travel

(1P

sheds. One travel shed created was the East Side Travel Shed, which is area “e
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shown in Figure 1. This travel shed is designated as an “Area of Change” and
includes well-established neighborhoods as well as two major redevelopment projects:
Stapleton and Lowry.
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Figure 1. Denver STP Travel Sheds

(Source: City & County of Denver Strategic Transportation Plan, 2008)
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EAST SIDE MOBILITY PLAN

The East Side Mobility Plan is the first travel shed-wide project resulting from the
STP where multimodal solutions are identified to help overall travel mobility
throughout the travel shed rather than just along a corridor. The East Side Mobility
Plan takes the Denver STP initiatives and creates specific project-based solutions for
its short- and long-term transportation needs. The East Side travel shed is known for
its bottle necks and constant congestion along with restrictions for north-south travel
connections. The boundaries of the mobility plan, which have slightly altered from
the STP travel shed boundaries, are Interstate 70 (I-70) to the north, Leetsdale
Drive/Mississippi Avenue to the south, Monaco Street Parkway to the west and
Central Park Boulevard/Y osemite Street/Havana Street to the east.

As mentioned, there was an emphasis put on person trips and multimodal system
connectivity, rather than just roads for automobiles. Through the Denver STP
initiative, all modes of transportation were assessed and improvements to transit,
bicycle and pedestrian routes were included. Roadway improvements developed in
the East Side Mobility Plan considered multimodal functions which broadened the
solutions for congestion, while also aligning with the Denver STP to make the Denver
transportation system green and sustainable.

The East Side Mobility Plan is looking at the mobility issues throughout the travel
shed by mode — bike travel routes, transit routes, pedestrian sidewalks and vehicle
routes. Problem areas for each mode of travel were identified by city staff and
through a community outreach program for people living within the travel shed.

As a community driven process, the City and County of Denver recognized the
importance of neighborhood input into how their community is “fixed.” Whether
these fixes are broader in scale, such as creating a safe route from Stapleton to Lowry
via bicycle, or at a specific spot, such as an intersection having pedestrian crossing
issues, the community has a voice in how Denver improves neighborhoods. Major
mobility gaps within the travel shed that were identified during the first stages of the
East Side Mobility Plan are shown in Figure 2.
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(Source: East Side Mobility Plan, 2010)
The East Side Mobility Plan is a finer level of analysis but certainly does not
complete the efforts for transportation improvements. The final outcome of the East
Side Mobility Plan will be a list of identified projects that are stand-alone and
beneficial to a single mode of travel, or are packaged improvements that benefit all
modes combined.

Potential identified stand-alone projects included:

e Roadway — roadway reconfiguration/restriping, improve signal
timings, improve multimodal connections

e Transit — improve bus frequency and transfers with crossing routes,
additional routes, improve bus stops and sidewalks

e Bicycle — improve bike route connectivity, add on-street route, add
better bike route signage

e Pedestrian — add or improve sidewalks, upgrade pedestrian signal
crossing equipment, improve pedestrian crossings and refuge areas
improve roadside drainage

Not all identified problems and solutions could be considered as stand-alone. There
was an “Area of Greatest Challenge” also identified during the mobility study. This
was a subarea in the center of the travel shed that had challenges with every mode of
transportation being studied. The Area of Greatest Challenge is bordered by
Montview Boulevard to the north, 11™ Avenue to the south, Monaco Street Parkway
to the west and Yosemite Street to the east.

Preliminary packaged solutions were created that could improve mobility for all
modes in the subarea. Attention was given to improving the mobility on either
Quebec Street, Syracuse Street, or Yosemite Street within the area of Montview
Boulevard to 11™ Avenue. Five possible solutions were evaluated:

e Widen Nodes, Not Roads— add turn lanes at intersections, requiring
some reconstruction and right-of-way acquisition

e Within Existing Pavement — adding multimodal capacity by only
restriping the existing pavement, requiring minimal reconstruction

e Within Existing Right-of-Way — adding multimodal capacity without
acquiring new right-of-way, requiring some reconstruction

e Not Within Existing Right-of-Way — adding multimodal capacity by
acquiring new right-of-way, requiring major reconstruction

e One-Way Couplet System — modifying two existing two-way
roadways to create a pair of one-way roadways, requiring some
reconstruction

Various cross-section options were created within each of the categories listed above.
They ranged from restriping the existing roadway for bicycle lanes, adding turn lanes
at intersections, or adding a travel lane in each direction. These potential solutions
were open for opinions and comments during the public involvement stages and, in
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combination with the task force committee, some options were removed from further
consideration. A preliminary screening of the options was also conducted based on
right-of-way requirements, capital cost, multimodal capacity improvement,
multimodal connectivity improvements, and environmental risks. The retained
options will require additional study and design before implementation; however the
study was successful in reducing the field of alternatives and in engaging the
community in a thoughtful discussion about the potential solutions.

CONCLUSION

The East Side Mobility Plan will be completed by Fall 2010. The conclusion of the
Mobility Plan will be a series of “next steps” that the City and County of Denver can
choose from as suitable funding becomes available.

With better connected bike routes, improved sidewalks, access to transit service, and
reduced congestion the transportation facilities will be more complete and will
provide more opportunity to reduce the number of auto trips on the congested
roadways, thereby improving livability in the community and sustainability of the
long-term transportation system.
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ABSTRACT

The La'aloa Avenue Extension is a highly controversial County of Hawai'i
(County) project involving the extension of La'aloa Avenue from its current terminus
to Kuakini Highway. The County of Hawai'i, wanting to avoid further delays and
legal challenges, employed a Context Sensitive Solutions (CSS) approach to develop
a consensus solution for the roadway extension. As part of the CSS process, an
Advisory Group consisting of 20 members representing a wide range of stakeholder
interests was established and led through the CSS process. Through a series of
structured, facilitated, meetings the Advisory Group identified key issues and goals,
prioritized these elements to identify additional alternatives for consideration.
Employing CSS allowed the County of Hawai'i to employ an organized decision-
making process that fostered constructive dialog and consensus building with the
community and highlighted the power of the community’s input to find solutions and
maintain project momentum.

INTRODUCTION

Although the Big Island of Hawai'i consists of over 4,000 square miles, much
of the population resides in the major urban centers of Hilo, Kailua-Kona, and
Waimea. Due to the ideal year-round climate, the Kailua-Kona area includes a large
number of full-time residents as well as a significant number of part-time residents
and tourists. Historically, mauka-makai (mountain to ocean) connectors played a key
role for native Hawaiians as they would travel from their mountain homes to the
ocean. Today, these connectors continue to play a vital role in traffic circulation and
for tsunami evacuations.

The La'aloa Avenue Extension, see Figure 1, is a highly controversial County
of Hawai'i project involving the extension of existing La'aloa Avenue to Kuakini
Highway. Once the extension is complete, La'aloa Avenue will serve as a critical
mauka-makai route connecting the resorts along the coast of Kona to the main state
highway. This short connector road extension within the Kona community unearthed
several opinions about which direction the project should go. After the project’s
Environmental Assessment was sent out for public comment, the County received
over 70 written letters of concerns from the public. Many of the concerns conflicted
with each other. While the La"aloa project remained in the public eye, two other
critical road projects were in court under lawsuits from individuals.



Green Streets and Highways 2010 © ASCE 2011

9 \

La‘aisa Exiensaon
ARematre |

§

While the extension is only 0.25 miles in length, the entire roadway stretches
over 1 mile. As La'aloa Avenue was constructed, the makai section was the first to
be built reflecting a small residential neighborhood with no sidewalks or on-street
parking. Some decades later, the middle section was developed reflecting larger
plots, longer driveways and wide sidewalks. The mauka section will be developed
differently than either of the existing sections including no driveway access or on-

Figure 1 — La’aloa Avenue Extension Plan View

street parking. Figures 2, 3 and 4 show the three distinct contexts of La'aloa Avenue.

Figure 2 — Mauka (mountain) section of La'aloa Avenue
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Figure 3 — Middle section of La aloa Avenue

Figure 4 — Makai (ocean) section of La aloa Avenue

PROJECT HISTORY

In 2005 the Draft Environmental Assessment (EA) was been completed for
the La'aloa Avenue Extension pursuant to the Hawai'i Environmental Policy Act
(HEPA). The project, which has been planned for many years, is highly controversial
due to the impacts expected to the natural and human environments. Through the
preliminary planning process, community concerns arose that needed to be addressed
before completion of the environmental documentation and project design. Several
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major concerns or elements that had the potential to impact the limits of the project
were brought to the County’s attention during the EA review process. Numerous
opposing viewpoints related to specific aspects of the extension were voiced and
agreeing to a consensus solution seemed unattainable. Compounding these project
specific issues was a general feeling of enmity and distrust stemming from unfulfilled
past concessions by private developers and perceived County government
complacency. This combination of issues resulted in a stalemate that threatened the
project’s progress and viability. As other projects in the County receiving similar
reactions were been stalled by lawsuits, the County searched for an approach to
implement the project, address community values and avoid litigious delays.

At first, town-hall type meetings were conducted in an attempt to identify
issues and work towards consensus on the project alternatives and final solution.
These meetings, conducted mainly as question/answer and dialogue did not resolve
the issues and resulted in even greater doubt as to the project’s future. All could agree
that an extension was important, primarily for tsunami evacuation and regional
mobility, however, coming to a consensus solution of what and where proved to be
elusive using traditional engagement tools and techniques. Leaders in the County
believed that a new approach would be necessary in order to move the project
forward.

COUNTY’S INTRODUCTION TO CSS

The County of Hawai'i’s Public Works Department oversees infrastructure
improvements throughout the Big Island. Given the natural beauty and diversity of
the landscape, the County acknowledged that every project has its unique context and
any roadway improvement must be integrated with the community it serves and that
these improvements can have far-reaching impacts, both positive and negative.

In November of 2005, the Assistant Public Works Director from the County of
Hawai'i attended FHWA’s 2-day Context Sensitive Solutions training course in
Honolulu. Figure 5 shows the CSS framework presented at the training. After the 2-
day class, the Assistant Public Works Director was convinced that the structured,
transparent CSS process would be effective at working with project stakeholders to
identify issues, establish goals, discuss tradeoffs and develop a consensus solution for
improving and extending La'aloa Avenue. In August of 2006, the County, wanting to
avoid further delays and legal challenges, initiated the Context Sensitive Solutions
process for La'aloa Avenue in order to develop a consensus solution for the roadway
extension.
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Figure 5 — CSS Framework

EMPLOYING THE CSS PROCESS

The La'aloa Avenue Extension CSS process involved a collaborative,
interdisciplinary approach in which a diverse group of citizens and affected public
agencies were part of the design team. The CSS process allowed the team to
methodically identify and address key issues identified for the project. In addition to
meeting the capacity and circulation needs of the region, the CSS process allowed
concerns of the community to be addressed, including:

e Safety e Aesthetic characteristics

e Mobility e Historic and cultural resources

e Preservation of neighborhood e Environmental and other
character community values

The County organized a 20-person Advisory Group representing a diverse group
of project stakeholders to work through the CSS process. The Advisory Group would
advise the County on the goals, values, interests, and views relating to the La'aloa
Avenue corridor. A group with diverse interests was selected to ensure that
competing objectives could be discussed and that the goals and values of the wider
community, not just the immediate neighborhood or any one special interest group,
would be accommodated into the transportation improvements. The range of the
members’ background and interests included: La'aloa Avenue and neighboring
community residents, business owners, landowners, bicycle & pedestrian advocates,
cultural advocates, and a resident who later became an elected County official.
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Each member was asked to comply with an Operating Agreement. The agreement
outlined the rules and roles pertaining to each member of the project team. Rules that
the Advisory Group members agreed to follow included:

e Attend all meetings and prepare appropriately (because of the importance of
continuity of participation and the relationships which will develop among
members, no provision is made for substitutes in the event of an unavoidable
absence)

e C(learly articulate and reflect the interests you bring to the table

e Listen to other points of view and try to understand the interests of others

e Openly discuss issues with people who hold diverse views

e Actively generate and evaluate options

¢ Keep their agency or organization informed of the Advisory Group’s work

In total, five CSS Advisory Group meetings and one public information meeting
were conducted over a nine month period. Each meeting was facilitated by a CSS
expert and included technical subject matter experts based on the topics to be
discussed at each meeting. An important element of the CSS process was not
allowing the County to “have a seat at the table” during the CSS meetings. County
staff, similar to the project’s technical staff, attended each meeting but only
participated when asked specific questions related to their policies and procedures.
This assured the Advisory Group members that the discussion topics and general flow
of conversation would be related to those issues of most importance to them and
would not be influenced by any assumed preconceived notions by the County.

The five CSS Advisory Group meetings were structured to build upon the
discussions and results of the previous meetings. The goal was to develop a consensus
solution that met the County’s transportation needs while also addressing the goals
and values of the community. The flow and purpose of each CSS meetings was
presented to the Advisory Group at the first meeting to provide them a road map for
their efforts. The main goals and objectives for the meetings were as follow:

e (CSS Meeting 1 — Introduction to CSS and issue identification
o Allows the Advisory Group to convey what issues are affecting the
facility today and what they would like to see in the future
e (CSS Meeting 2 — Problem definition and issue prioritization
o Assists in determining the key elements that should be incorporated
into the solutions
e (CSS Meeting 3 — Review evaluation criteria and alternatives development
o Evaluation criteria allows the Advisory Group to quantify how well an
alternative addresses a goal or objective
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e (CSS Meeting 4 — Preferred alternatives
o Based on comments from the Advisory Group, as well as further
technical analysis, the preferred alternatives are presented for comment
e CSS Meeting 5 — Present final alternative
o A review of the entire CSS process including how the Advisory Group
made a difference was presented

The consensus solution (Figure 6) consisted of cross sections that were
sensitive to the context of each section of the roadway. For the mauka (towards the
mountain) extension on new alignment, where there will not be any driveways, a two
lane roadway with striped bike lanes, wide sidewalks and no on-street parking was
agreed upon. The existing mauka section (middle section), with on street parking and
driveways included a center turn lane, wide sidewalks and striped bike lanes. And
finally, for the makai (towards the ocean) section, where driveways are very short, the
center turn lane of the middle section was replaced with two six-foot parking lanes.

'm-tal Right-of-Way_ /"

Mauka Extension

Middle Section

ﬁ@?sﬂfﬁwﬁ?j@ﬁ_a_,#_f,‘

Makai Section

| ,.Mg|z,.LM=i
1m9| l..tﬂ&
'f;ave! tﬂ"

Figure 6 — Consensus Solution
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Key success factors in implementing the CSS process for the La‘aloa Avenue
Extension, along with their tangible benefits, are summarized in Table 1.

CSS Success Factor

Benefit

Senior management at the County,
including the Mayor, fully endorsed the
process

Enabled the CSS team to fully apply the
processes on the project

Advisory Group members were selected to
represent a broad cross section of interests

Ensured that all user interests were
represented in the alternatives and analysis

Advisory Group members were notified of
the time/date/location for all of the CSS
meetings at the onset

Allowed Advisory Group members to
plan/make arrangements easier

Meeting materials for upcoming meetings
were disseminated at least one week prior to
each meeting

Provided ample time for the Advisory
Group members to review the material and
come to the CSS meeting prepared to
discuss the issues

The CSS facilitator maintained contact with
Advisory Group members before and after
each meeting

Established a level of trust and
commitment with the Advisory Group

Comments and questions between meetings
were encouraged and were responded to by
the CSS facilitator in a timely manner

Further established technical competency
and fostered trust

One on one meetings between Advisory
Group and the study team were documented
and shared with all other Advisory Group
members

Ensured equal treatment fostering
transparency

The public was invited to attend the CSS
Advisory Group meetings but were asked to
hold comments and questions until after the
formal meeting

Allowed the Advisory Group to focus on
the issues

The public was included on all
correspondence to the Advisory Group

Engaged a broader range of users and
maintained transparency

Each meeting was started on-time and each
item on the agenda was allotted a certain
time for discussion

Respected the Advisory Group’s time and
allowed Advisory Group members to focus
on the issues and not wander off topic

Technical staff were present at each CSS
meeting

Allowed the Advisory Group to ask
specific questions and receive accurate
responses instantly

Meeting materials were clear and written in
easy to understand language

Facilitated the conveyance of project
issues and elements (see Figure 7 for
examples of CSS meeting materials)

The facilitator instructed the Advisory
Group to direct contentious issues and
criticism towards him and not at other
Advisory Group members

Allowed open conversations and critical
comments without offending other
Advisory Group members

Table 1 — Key CSS Success Factors
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La’'aloa Avenue Extension La’aloa Avenue Extension
Decision Making Flowchart Project Schedule

Draft EA Completed

Advisory Group Meeting 1
Intro to CSS & Recap of Issues

This chart lustrates the general flow of decisions that will be made during
the La'aloa Avenue Extension Context Sensitive Solution process
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Advisory Group Meeting 5
Present Final Alternative

Design Phase

[ State and Federal Approvals, ]

Facilitated by: Right of Way Acquisition

INFO TION CH2M HILL

Advisory Group Meeting
CSS During Construction

Figure 7 — CSS Advisory Group Meeting Materials

CONCLUSION

To account for the differing contexts of these sections, the preferred
alternative identifies separate cross-sections for each portion of the roadway.
Community suggested elements of the preferred solution include bicycle and
pedestrian facilities as well as traffic calming features. Other aspects of the design
include on-street parking provisions and green drainage elements.

The CSS process allowed for an opportunity for organized dialog with the
public and the power of the community’s input to find solutions, while continuing to
maintain project momentum.

The resultant stakeholder recommendations modified the 1,500’ extension
alignment to address speeding, cultural and property impacts and developed several
context sensitive cross-sections to address vehicle, pedestrian, bicycle and green
drainage needs along the roadway. The final corridor, slightly over 1 mile long,
transitions between three distinct cross sections, each sensitive to the area context.

In addition to working through contentious and conflicting comments, the
County was able to gain respect and trust of the community. Upon completion, many
participants, including some originally opposed to the project, were very
complimentary of the CSS process and expressed their gratitude in helping make a
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difference for their community. A number of the Advisory Group members
suggested that the CSS process be use on all future County projects.
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Abstract

This paper describes Oakland County’s innovative planning tool for Context
Sensitive Solutions (CSS) based transportation and community planning using a CD
educational tool. Oakland County, Michigan offers cosmopolitan urban centers,
lakefront living, historic town centers, and natural country settings within close
proximity to an array of employment and recreational opportunities. Strengthening
this diversity is critical to maintaining Oakland County’s competitive edge and high
quality of life. Parsons Brinckerhoff (PB) provided technical assistance to Oakland
County Planning & Economic Development Services in the development of an
interactive CD educational tool to provide an introduction to Oakland County’s
diverse living environments, historical development patterns, and resources that can
maintain and strengthen that diversity. The tool is also an informational primer on
CSS and will be used to educate local government leaders and the public on methods
to develop transportation projects that fit into the County’s physical settings.

Introduction

Oakland County, Michigan offers cosmopolitan urban centers, lakefront living,
historic town centers, and natural country settings within close proximity to an array
of employment and recreational opportunities. Strengthening this diversity is critical
to maintaining Oakland County’s competitive edge and high quality of life. Oakland
County Planning & Economic Development Services is working to promote Context
Sensitive Solutions (CSS) planning and education in Oakland County. The group
provides consultative services and products that address county and local economic,
community, and environmental topics. The Road Commission for Oakland County is
a separate governmental agency that maintains more than 2,700 miles of county
roads, over 230 miles of state highways and more than 1,200 county, city, and state
traffic signals in Oakland County.

Coleman, Rasegan, and DeForrest 1
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In 2006, PB was hired to assist in the development of a “technology planning”
guidebook to be used by Oakland County and the Road Commission to establish an
Oakland County Context Sensitive Solutions program. The RFP requested consulting
services to develop and analyze existing CSS programs, and to make
recommendations on the steps needed to implement an Oakland County CSS
program. In response, PB proposed to develop a series of “before and after”
visualizations for a proposed roadway design project in Oakland County. A CSS
demonstration project would also be undertaken in conjunction with an actual
programmed local road design project.

However, the project was scaled back due to a lack of funding for the local road
design CSS demonstration project. A revised project work plan would focus on
working with the project steering committee to develop goals, objectives and steps to
incorporate CSS within the operations of Oakland County Planning & Economic
Development Services and the Road Commission for Oakland County. In the first
phase of the project, a series of structured focus group meetings were held with
planning and engineering staff from local municipalities, county staff and the Road
Commission.

The purpose of the focus groups was to measure local official awareness of the
Federal Highway Administration’s (FHWA) CSS Program and the Michigan
Department of Transportation (MDOT) CSS program. In 2003, the Governor,
Jennifer Granholm issued an Executive Directive that requires MDOT to incorporate
Context Sensitive Solutions (CSS) into transportation projects whenever possible. In
succeeding years, MDOT hosted a series of training meetings for MDOT employees
and municipal planning organizations to address the implementation of a statewide
CSS policy in Michigan. Under MDOT’s CSS program, MDOT would solicit
dialogue with local governments, road commissions, industry groups, land use
advocates, and state agencies early in a project's planning phase (MDOT CSS
Program).

MDOT’s policy is framed in context of federal and state funded transportation
projects. CSS at MDOT would affect all levels of the organization, all project
delivery processes, and all projects implemented by the agency. In Southeast
Michigan, MDOT had implemented several projects incorporating CSS. However,
local road agencies, such as Oakland County Road Commission, are not required to
implement CSS under the Governor’s Executive Directive.

The Road Commission for Oakland County is the county-level road agency in
Oakland County, Michigan. The commission maintains more than 2,700 miles of
county roads, over 230 miles of state highways and more than 1,200 county, city and
state traffic signals in Oakland County. The mission of the Road Commission for
Oakland County is to provide basic repairs, alterations, renovation and expansion of
the County’s local road network. Funding sources for projects may come from a

diversity of sources including county and municipal taxes, local governments,
MDOT, and FHWA.

Coleman, Rasegan, and DeForrest 2
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Focus group participants were asked “When should the Road Commission employ
CSS principles and/or processes”? In general, the Road Commission activities fall
within three categories of “Mission” based activities. Table 1 summarizes the
potential for adopting a local Oakland County CSS program and general comments
from focus group participants.

Table 1: Road Commission for Qakland County Program Activities

Road Commission

Program Activity Focus Group Comments CSS potential
Local government staff
. . ds to citi

Maintenance Repair (no responas to citzen |
alteration to operational or complaints over maintenance

. . . tivities. F 1
physical infrastructure) — i.e., activities. For exampre, o oy
snow removal, pot holes excessive tree trimming on Limited Application

’ ’ local streets can destroy local | of CSS principles

storm cleanup, mowing, tree
trimming, brush clearing and
swale cleaning.

road character. Limited
opportunity for community
input in maintenance and
repair.

Minor alteration to
operational or physical
infrastructure —i.e.,

CSS education and training is
needed for local officials in

Evaluate for

replacement of §x1st}ng order to work with RCOC to appllgatlon of 'C'SS

fixtures, road widening and . Principles/Policies
. . develop local projects.

major vegetation removal

and control projects.

Slgnlﬁ.cant alteratlo.n to Funding and incentives to

operational or physical . . .

. . incorporate CSS into projects

infrastructure —1.c., el T .

. . with limited budgets.

including improvements Chaneine the RCOC’s point Employ CSS

and/or alterations that would g p principles

system for evaluating and

be governed by National C e .

Environmental Policy Act prioritizing projects to award
CSS planning.

(NEPA) processes.

Overall, project stakeholders agreed that a “bottom up” approach would be required
to build support for CSS-based planning and design in Oakland County. Focus group
participants commented that there are many existing projects and programs that can
be called “best practices” that embody different CSS-based principles. For example,
since 1985, the Road Commission has met every two years individually with the
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leaders of the 61 communities in the county through a strategic planning process.
These meetings facilitate a county-wide dialog on road maintenance and construction
issues in the county. One of the hallmarks of the bi-annual meetings is the Oakland
County “Roadshow.” The roadshow is given by Road Commission staff with a
PowerPoint presentation on local projects and community programs. Over 20+ years,
the roadshow became a “best practices” catalogue highlighting the diverse natural
environment and character of Oakland County. Together, these slide shows provided
excellent examples of existing outreach activities to involve local communities in
county-wide planning and decision making.

Some of the early project tasks with the steering committee were to review sample
CSS policies and programs in other states and possibly develop an Oakland County
policy statement. However, the steering committee cautioned that adoption of a
county policy would not be as effective without either an educational program,
funding or “cultural” change in county departments and agencies to support CSS
planning.

The focus groups presented a unique opportunity for the project team (PB staff,
county staff and project steering committee) to incorporate the focus group outcomes
and specifically, the desire for an Oakland County CSS training program. In
response, PB worked with the steering committee to develop an educational tool for
CSS planning. The committee felt that an interactive CD and/or website would offer
the best opportunity to begin the initial phases of a CSS educational effort in Oakland
County. It is anticipated that future stages of Oakland County’s CSS initiative will
include the development of an Oakland County CSS policy statement for
development and transportation projects.

Development of the Educational Tool for CSS

Several resources for the development of the tool included using photography,
sketches and maps, and other resources developed by Oakland County and the Road
Commission. Figure 1 illustrates one of a series of sketches as part of character
guidebook for Oakland County.

In this way, the tool could build upon existing programs and potentially be used by
county staff as part of the Road Commission road show or in other meetings with
local governments and the public. In principle, the educational tool would focus on
the different public values for Oakland County’s diverse living environments,
historical development patterns, and the county’s vision for future development.
CSS-based planning activities could potentially work towards helping to maintain and
strengthen those values and diversity. As a result, the tool could also serve as an
informational primer on CSS and be used to educate local government leaders and the
public on tools to develop transportation projects that fit into the County’s physical
settings. However, this cultural change to CSS-based programs is a long term effort
by County staff.

Coleman, Rasegan, and DeForrest 4
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Figure 1. Example of a Sketch provided by the
Oakland County Landscape Architect

Overview of the Educational Tool for CSS

The CSS tool presents six general land use themes, including: Back to Nature, Farm
and Country, Lake Living, Suburban Style, Urban Neighborhood and
Downtown/Town Center as shown in Figure 2. The user selects one of the six themes
to display details on how each general land use theme relates to lifestyle and
development patterns in Oakland County. Each theme or display screen contains an
illustrative sketch linked with explanatory text, and local pictures in a digital photo
viewer. The photos represent a variety of different locations in Oakland County and
are included on the CD in a photo database. County staff can add additional photos
to the database using commonly available software. In addition, before and after
photos of Oakland County CSS projects can be incorporated as they are completed.
For example, Figure 3 shows the opening display screen for the Downtown & Town
Center theme.

Coleman, Rasegan, and DeForrest 5
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Additional resources that compliment the land use themes are shown in Figure 4,
Figure 5, and Figure 6. These resources include an interactive map linked to
explanatory text and photos. Figure 4 includes an interactive graphic that displays the
density and location of development in Oakland County across multiple decades
between 1900 and 2008. Figure 5 shows the Oakland County Green Infrastructure
Map and includes photos of natural features and environmental sensitive areas. A
Lifestyles Map is shown in Figure 6 and represents the economic and geographic
diversity of Oakland County. Additional display screens not described include a
Base Map and 1966 and 2008 Land Use Maps. Figure 7, the tool exit screen, provides
links and resources for further information on CSS planning.

The presenter or user can customize their self-directed tour to explore each of the
land use themes. Each theme offers interactivity to engage and encourage users to
learn about CSS, while providing relevant examples from Oakland County to
illustrate the concepts being conveyed.

Practical Application of the Educational Tool for CSS

Released in February 2010, the tool can be used by Oakland County communities to
prepare for a bi-annual strategic planning process conducted by the Road
Commission. This process includes meetings with virtually all cities, villages and
townships in the county. These meetings provide a unique opportunity for the leaders
of 61 local governments in Oakland County to review needs and concerns and to
share news on recent developments. The strategic planning process is an important
tool for identifying the top road-related concerns of the communities.

The goal of the CSS education tool is to involve local leaders and the public in a
discussion of physical features valued in Oakland County and to provide a resource
for developing transportation projects that protect the diversity and quality of life in
Oakland County. It is anticipated that future stages of the initiative will include the
development of an Oakland County CSS policy statement for development and
transportation projects. A web version of the CSS tool will also be made available on
the Oakland County website in late 2010.

Coleman, Rasegan, and DeForrest 6
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Software Development Technology

The CSS tool was created using Adobe® Flash® CS3 software. Adobe® Flash® is a
multimedia platform that allows for animation and interactivity while keeping the
number of files and file sizes at a minimum, thus optimizing performance of the tool.
All content is compiled and published into a single Flash® movie (.swf), which is
generally supported by most computer operating systems and devices, thus allowing
the tool to be easily distributed and viewed. The CD delivery format offers cost-
effective reproduction and distribution. The Flash® tool may also be adapted for web
and posted on the Internet to broaden outreach distribution.

Another Flash®-based application used within the CSS tool to display and navigate
through photos was SlideShowPro™ (http://slideshowpro.net/). SlideShowPro™ is
customizable and allows for easy updating of content. The user of the CSS tool
benefits from a very usable slideshow navigation and nicely transitioning images.

Conclusion

The CSS tool does not focus on specific projects, programs or CSS activities in
Oakland County; instead, the tool is intended to foster multiple levels of discussion
among local government leaders, staff and the general public on what they value most
about Oakland County. The history of this project’s development and demonstration
of the Educational Tool for CSS is intended to be a useful resource for future CSS
planning efforts.
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ABSTRACT

Context Sensitive Solutions (CSS) provides a systematic and comprehensive approach to
project development from inception and planning through operations and maintenance. The
ability to categorize and measure the benefits of CSS projects is vital to the long-term success of
this approach. The paper presents a framework for transportation officials and professionals that
allows for the comprehensive quantification of benefits resulting from CSS through all phases of
project development. A fundamental aspect of this framework is the identification of CSS action
principles and their potential benefits. A matrix that correlates benefits to specific CSS principles
was generated to allow for the development of appropriate metric indicators for each benefit.
Guidelines for benefit analysis have been developed to provide transportation agencies with a set
of recommended practices for assessing benefits. The guidelines emphasize the fact that CSS is
a principle-driven, benefit-justified effort that can enhance an agency’s goals and interaction
with stakeholders and the public. The need exists to analyze and measure the benefits of CSS and
its impact on projects (e.g. cost and delay) in order to demonstrate a best use of agency
resources.

INTRODUCTION

In recent years, Context Sensitive Solutions (CSS) has been promoted by both AASHTO
and FHWA as a best practice, since it provides a systematic and comprehensive approach to
project development from inception and planning through operations and maintenance. Its goal
is to achieve an outcome harmonizing transportation requirements with community needs and
values. The ability to categorize and measure the broad scope of benefits within projects is vital
to the long-term success of CSS in meeting livability and mobility goals. Transportation agencies
currently lack the capability and tools that allow them to accomplish this. The development of
performance measures will enable evaluation of the benefits and allow state and local
transportation agencies to gauge the value of employing CSS and measure the progress they are
making to improve project development and delivery processes.

A key factor in developing benefit evaluation tools is the recognition that transportation
projects are unique in terms of the nature, scope and importance of issues addressed. These
factors impact project purpose and need, community and environmental concerns, topographic
and geometric conditions, traffic, safety history, and other public priorities. There are guiding
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principles for CSS and a core of essential elements common to most projects. Those should be
identified and considered when conducting project benefit evaluations, since such principles are
the cornerstone of the unique project solutions to be developed. A range of measures must be
examined to determine those most appropriate for assessing various types of project outcomes.
The objective of the work was to develop a framework for transportation officials and
professionals that identifies a comprehensive set of performance measures of CSS principles and
quantifies the resulting benefits through all project phases. This framework provides
transportation agencies with tools for identifying and quantifying the benefits of applying CSS
principles and to systematically collect needed data. This process is envisioned to be applied in
all types and sizes of projects. This paper presents the framework for a continuous performance
evaluation and opportunity for process improvement for transportation agencies using CSS.

PRINCIPLES AND BENEFITS

CSS has been a principle driven process aimed at increasing the quality and satisfaction
of transportation projects. In order to fully implement the CSS approach it is evident that
benefits associated with CSS must be identified and documented on all projects. Focusing only
on project outcomes will allow for an analysis of benefits, but not for an understanding of how
these outcomes were achieved. However, by applying the CSS principles on a project and
identifying their potential benefits, a direct link between project actions and benefits can be
readily identified. A proactive project approach uses this linkage by setting targets to be achieved
for selected benefits and determining principle driven actions that must be made throughout the
project development process to achieve these benefits. As a result the CSS principles provide the
foundation for a systematic approach to project development and benefit analysis. This two
prong effort allows CSS to be summarized as a “principle driven, benefit justified approach.”

The project development/delivery process was examined to determine the discrete
actions needed for a successful CSS project. These actions are stated as principles and they drive
the activities and tasks needed to be completed during the project development process. It is
these principles to which benefits can be associated and measured. The review of the project
delivery process defined 15 principles to be used in the process as shown in Table 1.

Table 1 CSS Principles

Use interdisciplinary teams

Involve stakeholders

Seek broad-based public involvement

Use full range of communication methods
Achieve consensus on purpose and need
Address alternatives and all modes

Consider a safe facility for users and community
Maintain environmental harmony

Address community and social issues

10. Address aesthetic treatments and enhancements
11. Utilize full range of design choices

12. Document project decisions

13. Track and meet all commitments

14. Use agency resources effectively

15. Create a lasting value for the community
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Some principles build on each other and have what appear to be hierarchal, cause-effect
relationships. For example, principles 2 (involve stakeholders) and 3 (seek broad-based public
involvement) will have a significant influence on principle 5 (achieve consensus on purpose and
need) as well as shaping principle 4 (use full range of communication methods). Understanding
the principles and their interaction promotes knowledge of CSS fundamentals and process
relations and comprehension of how CSS projects are developed.

A good representation of these relationships is provided in Figure 1 showing the
dependencies among principles as a building. The foundation of the building consists of the three
Fundamental Principles of CSS. The floor is comprised of the four Basic Transportation Agency
Principles that exist for every project. The six pillars of the CSS building are the six Agency
Enabling Principles and Context-Sensitivity Enablers that provide for and ensure context-
sensitivity:

Context-Sensitivity Enablers
e Maintain environmental harmony
e Address community and social issues
e Address aesthetic treatments and enhancements
Agency Action Enablers
e Utilize full range of design choices
e Document project decisions
e Track and meet all commitments
The lintel and roof of the building of CSS are the Long-Range Project Principles (Goals).

Create a lasting value for the community

Use agency resources effectively
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Figure 1 The building of CSS principles

The three Fundamental Principles must be applied to have a CSS project development
process. The four Basic Transportation Agency Principles are present regardless of whether or
not a project employs CSS. The six enabling principles are the tools that enable a project team to
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create a lasting value for the community and use agency resources effectively, which should be
the aim of all projects. While all principles will be present on any project, their relative intensity
(as applied) will vary between projects. Similarly all benefits will be present; however, resulting
benefits will vary accordingly.

Projects vary and the intensity with which CSS principles are used will vary as well. The
three Fundamental Principles must be applied to have a CSS project development process. The
four Basic Transportation Agency Principles are present regardless of whether or not a project
employs CSS. The six enabling principles are the tools that enable a project team to achieve both
create a lasting value for the community and use agency resources effectively, which should be
the aim of all projects. While all principles will be present on any project, their relative intensity
(as applied) will vary between projects. The relative intensity of each principle should be
examined, since the magnitude of benefits to be realized will be affected. This relative intensity
is to be determined by the scope, scale, and context of the project. For example, for a small
project, there may be a limited number of stakeholders involved, which will affect the extent and
type of communication methods employed and the level of public involvement required.
Extensive public involvement efforts may not be necessary to provide measurable benefits. On
large, complex projects affecting many parties, greater stakeholder public involvement may be
required to achieve an equivalent level of benefits.

A total of 22 specific potential benefits are identified as a result of applying the 15 CSS
principles (Table 2). The benefits are grouped in two basic categories based on who accrues the
benefits, i.e. the agency or the users. This is needed since some of the benefits are internal to the
agency’s operations and have no clearly understood benefit to the users. This differentiation
provides the agency with the ability to determine those other benefits and that the users will best
recognize and use to judge the agency’s project development process performance.

Table 2 CSS potential benefits

1. Improved predictability of project delivery
Improved project scoping and budgeting
Improved long term decisions and investments
Improved environmental stewardship
Optimized maintenance and operations
Increased risk management and liability protection
Improved stakeholder/public feedback
Increased stakeholder/public participation, ownership, and trust
9. Decreased costs for overall project delivery
10. Decreased time for overall project delivery
11. Increased partnering opportunities
12. Minimized overall impact to human and natural environment
13. Improved mobility for users
14. Improved walkability and bikeability
15. Improved safety (vehicles, pedestrians, and bikes)
16. Improved multi-modal options (including transit)
17. Improved community satisfaction
18. Improved quality of life for community
19. Improved speed management
20. Design features appropriate to context
21. Minimized construction related disruption
22. Improved opportunities for economic development
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Quantitative and semi-quantitative indicators were developed to capture and measure the
impact of each benefit. Metrics have been developed for all benefits and therefore transportation
agencies have the ability to customize the data collection and analysis.

PRINCIPLES AND BENEFITS RELATIONSHIPS

While it is reasonable to assume that the application of a principle could result in several
benefits, performing such analyses may prove impractical due to the range and quantity of data
required. To produce a useful and usable guide, it was deemed reasonable to identify those
benefits that have a strong relationship to each principle, capturing the essence of each principle.
However, some benefits may have multiple indicators or metrics that could be used to measure
the entire breadth and depth of their impact and effectiveness. This approach allows for
developing specific metrics for a smaller number of targeted benefits, limiting data collection
and analysis requirements.

A matrix of principles and benefits was developed which identify benefits having a
strong relationship to each principle. These relationships were based on the collective multi-
disciplinary expertise of the team to identify the potential benefits for each principle using each
team member’s discipline-specific perspective. Those benefits identified as having the strongest
relationship among the majority of the team were identified as primary benefits. Other benefit-
principle relationships that had a lower level of agreement among team members were
considered to have a moderate relationship to the principle and categorized as secondary
benefits. Finally, all other benefits that could be realized from the application of the principle
were considered as tertiary, i.e. having a weak relationship to the principle. These relationships
were refined based on input received from the project panel, as well as data and knowledge from
case studies. The matrix developed on these three levels of relationship between benefits and
principles is provided in Table 3.

For each principle one primary benefit is designated fundamental providing a single
indicator to capture the benefit of applying the principle. The fundamental benefit allows an
agency to perform a focused evaluation of a CSS project in the event that resources are not
available to complete a full-scale evaluation of all benefits.

An aspect of the matrix provided in Table 3 is its flexibility to be adjusted to an agency’s
needs and perspectives. The pairings provided here resulted from the input of the multi-
disciplinary team members while considering the data obtained from the case studies. An agency
can follow a similar approach to the one described above to determine their priorities and
associations and therefore develop a different set of principle-benefit interactions. The metrics
developed for each benefit are generic and thus could be used to measure the magnitude of the
same benefit for each principle.

IMPLEMENTATION

As CSS has been defined as a principle driven benefit justified approach, any evaluation
of CSS must consider both how the process should be applied (principles) and what the
outcomes are (benefits). Several benefits and associated metrics can be used to measure project
outcomes. Both the benefits and metrics vary in terms of data collection efforts and address
various aspects of the project and project development process. Benefit analysis may be used for
four distinct applications.
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1. Justification of CSS Project/Project Elements. Benefits are measured to allow for the
project team to justify specific project elements (design or activities) throughout the project
development process. Direct measuring and quantification of project benefits is used to
address concerns about the project outcomes. These measured outcomes allow for greater
acceptance of the project and can be used as an example in future projects.

2. Continuous Improvement of the Project. Benefits are measured in conjunction with the
principles-benefit matrix as a tool for a continuous improvement of the project itself.
Measured outcomes for benefits accruing throughout the project development process are
monitored to identify problems in the project approach and/or outcome prior to completion of
the project allowing for corrective actions before the completion of the project.

3. Justification of Agency CSS Program. Benefits are measured to allow for an agency to
justify and evaluate the effectiveness of an agency wide CSS program or process. The use of
agency-wide measured outcomes allows for determining the appropriateness of CSS in
project development and demonstration of the benefits to the agency, the legislature and
interested public parties.

4. Continuous Improvement of Agency Process. Benefits are measured in conjunction with
the principle-benefit matrix as a tool for a continuous improvement of the agency’s project
development process. The benefit analysis can identify where improvements in project
development have been made as well as identify opportunities for improvement. The
measured outcomes are used to determine the benefits not accrued based on the agency’s
desires and to then initiate a review of the process to determine actions that directly produce
those benefits.

Benefit analysis may be used by the project team to justify project actions or to improve
processes for the project. Transportation agencies can use the same benefit analysis to justify the
agency program or use it as part of a continuous improvement process. For successful benefit
analysis, the evaluation approach should be established from the outset of the project so that
principles are properly applied, data is timely collected, and benefits are systematically
measured. This process is as follows:

1. Determine the application intensity of each principle using the project attributes.
2. Select the benefit(s) to be measured and the quantitative and/or semi-quantitative
measures to be used.

Establish benchmarks for comparing measured outcomes for benefit accrual.

4. Collect data/information using a standardized format (forms and surveys), acquire the
data/information in a timely manner and record it in an appropriate format.

5. Analyze (using comparison, benchmarks and dollar conversions) and evaluate benefit
accrual, and report data/information.

The following sections identify key considerations in each of the above steps in the
applications process.

(O8]

Principle Intensity

All 15 CSS principles presented in Table 1 should be applied on all projects. However,
unique project attributes (scope, scale and context) require that the application intensity of each
principle should be determined to meet the unique characteristics of the project. Each of these
can directly affect the intensity (depth and breadth) of the principle application. The effect of
these attributes is demonstrated for principle 1 use an interdisciplinary team.
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Scope: As the scope of the project increases, the number of involved disciplines expands,
requiring increased members on the team. A resurfacing project may only involve a
construction engineer and maintenance engineer in addition to the contractor. On the other
hand a new construction project would require expertise in planning, highway design,
construction, maintenance and other appropriate disciplines.

Scale: As the scale of the project increases, the demands on the project increase as well. This
may require new expertise to coordinate the project, as well as require multiple persons to
perform the work. A major new construction effort may require multiple highway design
engineers, with individuals focused solely on specific project aspects. Conversely on a small
project, a single engineer may be able to address all these issues at once.

Context: The varying context of the project has a direct impact on the project as well. As new
constraints and resources are encountered or impacted the appropriate team members must be
identified. This would include environmental specialists, historic preservationists, special
user groups and others as needed.

For each of the 15 principles, a set of criteria for application are provided to assist the
project team in the implementation of the principles within the project. These criteria guide the
team in determining the appropriate intensity of the principle. As an example, one of the criteria
of application for principle 6, address alternatives and all modes, is stated as “Multiple
alternatives including various modes, capable of addressing the issues in the purpose and need
statement, are identified and developed.”

This criterion directly references the purpose and need statement and as such is limited
by the defined scope of the project therein. As discussed above, the scale and context of the
project should also be considered in its application. A resurfacing project applying this criterion
may only examine the feasibility of alternative construction phasing alternatives to reduce
construction impacts. If the roadway is heavily utilized by cyclists, i.e. it has a different context,
the addition of a bicycle lane may be considered. The expanded scope of a corridor planning
study, however, requires that many more alternatives be considered to address the full extent of
such a project. This may include 1) the examination of multiple modal options along the
corridor including transit, pedestrian and cycling 2) roadway alternatives such as two or four
lanes, divided or undivided highways, 3) as well as construction phasing alternatives.

Benefit Selection

It is anticipated that not all benefits will be measured on all projects. Benefits to be
measured should be selected based on the need to determine project or agency goals. Such a
selective approach will allow for focusing on specific measured outcomes and limit unnecessary
data collection. Benefits to be measured should be carefully selected based upon the purpose of
the benefit analysis and the availability of data to measure project outcomes (and the
commitment to collect and store the data). A focused evaluation plan enables the agency or
project team to measure pertinent benefits, collect all necessary data and conduct the appropriate
evaluation.

Benefit selection considerations for the four primary assessment methods are discussed
here. For project related evaluations (justification or continuous improvement), benefits need to
be specific and tailored to the project, element or activity to be measured. For the continuous
improvement of the project, targeted benefits are those quickly accruing and those allowing
monitoring of the application of principles in order to permit adjusting the principle intensity in
real time. For agency related evaluations (justification of program or continuous improvement of
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process), benefit measures need to be standardized to allow for summarizing and comparing data
for all projects. This can be achieved with data that is obtainable for all projects without
extensive data collection and could be limited to measures of fundamental or primary benefits,
since they capture the essence of CSS. For continuous improvement of agency processes, a
broader range of benefits may be needed to capture the entire spectrum of project outcomes
depending on the focus of the continuous improvement initiative. However, a wide range of
benefit analysis will allow agency flexibility in dealing with future funding constraints and
political realities.

Establish Benefit Benchmarks

The most critical element of the benefit analysis is the establishment of benchmarks for
judging benefit accrual. Traditional analysis may use as benchmarks the difference in the
measured outcome between before and after conditions or between CSS and non-CSS projects.
However, such an analysis is often impractical due to lack of available data (before or non-CSS
project). Benchmarks also vary greatly among agencies and projects, as well as, the purpose for
which the benefit is being measured. For instance, if benefits are being measured for use in the
continuous improvement of the agency process, the benchmark will be the measured outcome
from the previous iteration. For benefits being measured to justify a CSS project, the benchmark
is established relative to the project goals. It is therefore impractical to establish a single
benchmark for each benefit metric to cover these benefit analysis options.

For benefit analysis on a single project, measures of effectiveness and their benchmarks
should be explicitly stated in the purpose and need statement or in a memorandum of agreement
or understanding (MOA/MOU). This approach allows for collecting only the required data for
comparison and reduces data collection demands. These benchmarks should be both specific and
tailored to the project and its context. Specificity is achieved by stating the desired benchmark to
be targeted. For example, if the purpose and need statement calls for improved mobility, the
specific target of decreased travel time by 20 percent compared to the existing conditions should
be stated. Customization is achieved also this way, since benchmarking is specific to the project
and agreed upon by team members and stakeholders. In the same example, an agency-wide goal
of reducing travel time by 30 percent may be inappropriate for the context of this project.

As part of the continuous improvement of the agency process, a moving benchmark is
established which is related to the measured outcomes of the previous round of projects. The
evaluation is therefore established by determining the relative improvement of the process as it
compared to the “benchmark™ established by previous projects.

Data Collection, Maintenance and Accessibility

A data handling plan must be in place from the project outset. The plan identifies the
data to be collected along with when is to be collected. In addition, how that data will be
maintained and made accessible to users is also determined. Data needed to evaluate benefits is
obtained throughout the project development process and often is available only for a short time.
As an example, attendance level at stakeholder meetings is only available at the meeting. If
pertinent data is not collected at that time, it may never again be obtainable. In addition, a
system must be in place to maintain the data and make it accessible to those conducting the
evaluation. For project specific benefit analysis, storage and accessibility may be less formal and
available only to project team members. However, agency-wide efforts must have standardized
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data formats and provide a centrally located and catalogued data source so that others may access
and analyze the data.

Evaluation
Once the data is collected it should then be analyzed by several methods depending on
the nature of the metric and its intent:
e Quantitative data allows for establishing benchmarks and making direct ordinal
comparison (using standard measures) and in some cases conversion to dollar amounts.
e Semi-quantitative data allows for making broad relational comparisons based on expert
opinion and customer satisfaction. It can also be used to compare the views of the
project team to the stakeholders/public. This information can be important as other data
if, for instance, there is a goal to improve the public trust.

CONCLUSIONS

The primary outcome of this effort is a practical framework for transportation
professionals to use for assessing benefits of a CSS project. To achieve this, a set of principles
was identified with associated benefits to which metrics can be applied to measure the outcome
of CSS projects.

The framework developed provides a methodology for completing a systematic
quantification of benefits of using the CSS approach for project development. It is apparent that a
systematic approach needs to be undertaken where data will be collected periodically in order to
provide the basis for evaluating individual projects and identifying areas for agency CSS
improvement. The benefit quantification is a process that any agency can undertake in order to
determine the effectiveness of their efforts on a specific project, conduct a program evaluation,
and use the lessons learned to improve specific actions for future projects. This allows for a
continuous improvement effort that could be undertaken to positively impact project
development and delivery operations using agency resources more effectively.

The framework has also been designed with the realities of project scope, size and extent.
A project team has the ability to identify and customize the principle intensity applied in the
project based on the specific needs of the project. This provides the ability to vary principles
applications in terms of magnitude and allows for a flexible project development process that
creates the capability for the agency and project team to achieve desired outcomes. Moreover,
the project team can also select the anticipated benefits and determine those that are to be
monitored and measured. This allows for an evaluation procedure that provides flexibility to the
agency and project team to achieve desired outcomes. To determine whether a benefit accrued,
the project team can develop benchmarks that would be specific for the project developed and
customize data collection to determine them. The evaluation and comparison of the collected
data to these benchmarks allows for identifying successful application of principles and
improvement actions for future applications of principles that were not successfully employed.
These efforts could then be used by the agency to improve the development process of other
projects.

The principle-benefit matrix provides an agency with a linkage of direct actions to
improve both project and program performance as well as to determine future process
improvement opportunities. Once the agency targets benefits to be measured by all projects,
associated metrics could be determined and the agency-wide target threshold values could be
established. The collected data could then be used to identify the remedial actions required to
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meet or exceed the thresholds set through an identification of the appropriate actions for
improving each principle by examining the corresponding application criteria. For example, if an
agency is experiencing an extreme lack of trust, then it can identify several actions, using the
associations established by the matrix that it might take to remedy that situation. The use of the
matrix in this fashion will allow agencies to improve their overall performance and project
development and delivery process.

The most important aspect proposed is that a systematic and well organized data
collection effort should be undertaken from the outset of the project. The forensic approach often
currently implemented makes it is almost impossible to identify and collect data after the
completion of the project. Such data is likely to be incomplete, not adequately cover the required
metrics, and not have the necessary statewide comparisons data available. The identification of
the benefits to be monitored along with their metrics from the outset of the project is essential.
This will allow for identifying the specific metrics to be monitored, allow for timely data
collection, and the building of comparison data. It is important for an agency to identify data
collection needs from the outset of the project and to include them in the project development
process to ensure that critical windows of opportunity are not missed. Critical assessment data
must be collected appropriately, maintained adequately, and be readily available.

Current procedures do not allow for the development of a systematic data collection
effort across all projects for an agency nor for the establishment of a database that could be
accessible to any interested party. Therefore, there is a need for commitment by agencies to
systematically collect such data and maintain a database to allow for benefit assessment and/or
establishing a continuous quality improvement effort.
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ABSTRACT

Urban goods movement is stimulated by the needs of business and commerce, but is
also greatly influenced by growth in population. No city can function without the
ability to efficiently move goods. Considering this fact and the growth that many
regions are experiencing in population and goods movement, planners must place
more emphasis on the freight-related needs of their transportation system. In order to
maintain and enhance the economic vitality and quality of life of any thriving city,
steps must be taken to manage the current level of freight activity and prepare for the
increased activity that will result from sustained growth.

As stated in the 2003 Talking Freight Seminar Series Presentation, “Freight planning
is somewhat different from passenger travel planning...Elected officials do not
always give high priority to freight vehicles for planning.”' Traditionally, planners
have overlooked the freight component of the transportation system choosing,
instead, to focus on the movement of people.  Therefore, freight planning efforts
have lagged behind other transportation initiatives. To ensure the economic
sustainability of their region, planners must now find the best methods to seamlessly
incorporate the growing volume of freight into their transportation network.

The goal of this project was to produce an informational package that would provide
insight into previously implemented strategies in the field of urban goods movement.
Through an extensive literature review, input from the Working Group consisting of
freight professionals from both the private and public sector established for the
project, and other data collections efforts, Street Smarts identified several specific
projects that would most benefit others undertaking freight planning efforts. As a
result, four case studies were prepared, documenting notable practices in urban goods
movement: New York, Los Angeles, Orlando, and Washington, DC.

The case studies produced for this project provide information on freight-related
initiatives that focus on mitigating congestion caused by, as well as improving the
efficiency of, commercial vehicles in urban areas. By describing specific projects,
offering the lessons learned during implementation, and providing insight on the
transferability to different jurisdictions, the case studies will serve as a wonderful
toolbox for planners everywhere.

1. Talking Freight Seminar Series (2003), “Urban Goods Movement and Planning”, Transcript,
FHWA, Accessible Via http://www.fhwa.dot.gov/freightplanning/nov 1 9transcript.htm.
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URBAN GOODS MOVEMENT CASE STUDIES

Urban goods movement is stimulated by the needs of business and commerce, but the
magnitude is also greatly influenced by growth in population. No city can function
without the ability to efficiently move goodsand planners must place more emphasis
on the freight-related needs of their transportation system. In order to maintain and
enhance the economic vitality and quality of life of any thriving city, steps must be
taken to efficiently and effectively move both people and goods. Sustainable freight
transportation supports business,commercial and community activities and mustenjoy
the access and mobility required to function properly. This project serves as a
resource for information covering previously implemented strategies which can be the
basis for other communities to address their own issues.

The four case studies in New York, Los Angeles, Orlando and Washington DC, were
selected by a steering committee after an extensive literature search was completed.
The expert panel also identified candidate locations. Based on the existing application
of urban area freight mobility management strategies as well as the transferability of
implementation practices to urban areas throughout the country the list was narrowed
to these four. It should be noted that the focus was strictly the uran part of the trip
and not the over-the-road portion of the freight movement.

New York was deemed a viable case study based on its mitigation of extreme
challenges in the area of curbside management. NYMTC’s Regional Freight Plan,
parking restriction enforcement has been enhanced throughout the city, especially in
Manhattan. Though the magnitude of the parking problem another city might face
may not be on the same scale as in New York, the general issues would be similar
and, therefore, the solutions would be transferable. In Orlando, the establishment of
“freight villages” as well as the use of its Truck Route Designation System have
served as successful solutions to Orlando’s high freight activity; it is located between
two busy freight centers—Jacksonville and Miami. Washington, DC was selected
due to its array of strategies including its curbside utilization management, truck
activity management at the Convention Center and the relationship with the
surrounding neighborhood as well as the development of a comprehensive motor
carrier management program.

Some of the main goals were to find projects that had been implemented, were located in
various geographic regions, and pertained to different categories of urban goods movements.
These cities have a collection of freight mobility planning efforts which made them all strong
case study candidates. The following are specific examples of sustainable freight
planning efforts from each study area.

NEW YORK

As one of the nation’s largest commercial centers, New York City moves more
freight than any other metropolitan region in the United States. To move goods
efficiently, the City makes improvements and adjustments to the management and
operations of the transportation network on a continuous basis.
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NOTABLE PRACTICES

Curbside Management

Midtown Manhattan is one of the nation’s most active commercial centers. Many
deliveries and pickups must be made to and from this thriving district by means of a
physically constrained transportation system. To maintain the efficient flow of goods
and services throughout this district, NYCDOT implemented several curbside
management strategies indentified in its Commercial Vehicle Parking Plan.
Commercial vehicles contribute to traffic congestion in Midtown Manhattan and are
affected by it as well. The limited number of loading/unloading zones available, in
addition to the number of vehicles using the spaces for long-term parking, has forced
many trucks and other large vehicles to double-park, thereby reducing the capacity of
the affected street by one lane of traffic.

To improve traffic flow, the Commercial Vehicle Parking Plan recommended
providing additional curbside spaces for commercial vehicles, reducing the amount of
time these spaces are occupied and increasing enforcement. By improving the
management of loading/unloading zones in the Midtown area, NYCDOT decreased
the number of double-parked vehicles, which resulted in a reduction in congestion.
Initial implementation focused on the streets between 43rd and 59th and Fifth Avenue
and Seventh Avenue. Because of the program’s success, implementation was
expanded to cover the streets between Second and Ninth Avenues.

In the newly designated commercial vehicle loading zones, New York City has
replaced single-space parking meters with ticket dispensing “Muni-meters” (see
Figure 1). These meters, located along each block of restricted curb space, allow
commercial vehicle operators to purchase prepaid parking tickets for up to three
hours. Payments can be made with quarter and dollar coins or NYC Parking Cards.
Some machines now accept credit cards.
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Figure 1. Muni-meter on New York City Street

THRU Streets Program

Historically, midtown Manhattan has suffered from congestion. As a result, the City
has developed strategies to improve traffic conditions. Average travel speeds of about
four to five miles per hour along cross-town streets with little travel time reliability
led to the implementation of a traffic operations improvement program called THRU
Streets. The basic philosophy of this program, which was implemented in the Fall
2002, is to designate specific streets (THRU Streets) for cross-town travel and
institute policies to facilitate cross town travel along these designated THRU Streets.
Other streets were classified as “non-THRU” streets and policies including the
designation of curbside areas for truck loading/unloading were instituted on these
streets. Reducing the friction caused by turning movements and ensuring that
effective moving lanes were provided on THRU Streets were important elements of
this initiative. The THRU Streets initiative has helped New York City improve traffic
flow within the Program area and has reduced conflicts between turning vehicles and
pedestrians.

NYCDOT designated five one-way street pairs to serve as THRU Streets. These roads
provide links between major Midtown destinations. The program restricts vehicles
from turning off these sections of road between the hours of 10 am. and 6 p.m.,
which reduces congestion caused by motorists decelerating to make safe turns. It also
reduces bottlenecks caused by the conflict between turning vehicles and pedestrians
that often block through roads from proceeding. Vehicles may turn onto these streets
from any intersection. Although the THRU Streets Program focused on moving all
traffic through the area, several components of the plan directly affected commercial
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vehicle movement. Improved traffic flow on the THRU Streets caused a shift in
volumes from several non-THRU Streets to the designated THRU Streets. Because of
the reduced demand on non-THRU Streets, NYCDOT was able to add more
commercial vehicle parking spaces. By adding Muni-Meters and parking restrictions
to both sides of streets that previously had parking on one side, the City created 150
additional spaces for loading and unloading.

LOS ANGELES

As the region’s largest city, Los Angeles plays an important role in developing and
supporting business and trade. Because of its ideal location as a hub for global trade,
its large manufacturing sector, and its massive size and population, the City of Los
Angeles’ transportation system carries a significant share of the nation’s freight
(Figure 2). Approximately 35 percent of the nation’s waterborne freight travels
through the gates of the Port of Los Angeles and the Port of Long Beach, also known
collectively as the San Pedro Ports. The City’s major airports also generate substantial
amounts of truck traffic associated with the delivery of air cargo. Southern California
residents and the rest of the nation depend on Los Angeles’ transportation system to
smoothly transport goods needed to support local, regional, and national economies.

Figure 2. City of Los Angeles Truck Traffic

NOTABLE PRACTICES

GIS Analysis

LADOT used GIS analysis to identify truck routes, truck circulation and access
problems, hazardous locations, and corrective measures. LADOT undertook this
project as part of the effort to develop the Goods Movement Improvement Plan. The
first step was to identify the study areas. Phase 1 examined the industrialized area
east of downtown Los Angeles. Phase 2 focused on City suburbs, including Northeast
Los Angeles and the San Fernando Valley. Phase 3 covered areas not explored in the
first two phases, including Hollywood, Mid-City, South Los Angeles, West Los
Angeles, Los Angeles International Airport, and the Port of Los Angeles. Sub-areas
were identified on an as-needed basis.

After the study area for each phase was defined, work began on the impediments to
efficient goods movement. LADOT identified routes that trucks use to travel
between Interstates and local freight attractors and generators by compiling truck
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count data and information from trucks studies from the City of Los Angeles. Truck
count data were geocoded to illustrate areas experiencing high truck volumes. Using
the data, LADOT calculated the truck share of all traffic on all roadways and
designated de-facto truck routes. Truck routes were defined as roads that have
existing truck volumes of 6 percent or greater for the downtown area and 3 percent or
greater for suburban areas. These de-facto truck routes and those identified in
previous studies were added to the City’s GIS database. LADOT also added other
information to the GIS database, such as truck-generated land uses, freeway entrances
and exits, railroad grade crossings, and the percentage of trucks using specific
roadway segments. Moreover, LADOT collected data on truck-related crashes that
occurred over the previous five years and the Level of Service (LOS) at various
intersections on designated truck routes. Locations with more than five crashes over
a five-year period were geocoded.

After fully documenting the existing system in the GIS, LADOT gathered input
through interviews with various stakeholders, including trucking companies, local
businesses, other agencies, and elected officials. It gained input on issues that hinder
efficient goods movement through and within the City. These issues were
documented and, where applicable, included in the GIS database. LADOT then sent
its engineers out to the field to observe problem locations identified by stakeholder
input, truck-volume data, and crash data. By observing the circulation of trucks
around specific locations throughout the City, LADOT engineers were able to better
describe the real-world problems experienced by commercial vehicle operators. The
documentation produced by LADOT engineers included the exact location, time of
day, description of issues encountered, photographs, and videos.

The costs associated with the development of a GIS database will differ by agency
and jurisdiction and depend on the availability of transportation-related data. Many
agencies, including LADOT, maintain a database of roadways and other
transportation facilities. In this case, the costs associated with the development of a
freight-focused GIS database include the collection of truck-specific data, analysis,
and report preparation. Although the initial cost of developing a similar database may
be substantial for a smaller jurisdiction, the tool can be used by several agencies,
updated easily, and tailored to meet the needs of other agencies. By creating this
system of documentation and analysis, future planning efforts are enhanced.

ORLANDO

Orlando and the rest of Central Florida rely on tourism for much of its economic
vitality, which in turn depends on trucks to deliver goods to a host of businesses that
serve the tourist industry. Reliable and predictable travel times are especially
important in a tourist-oriented economy like that of Central Florida. Over the past
few decades, Central Florida has experienced heavy population growth and massive
urban sprawl. As a result, traffic congestion and aging infrastructure are growing
concerns (Figure 3).
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NOTABLE PRACTICES

Freight Villages

The Freight Village concept regulates development in a defined area to provide
sufficient infrastructure to facilitate the efficient movement of goods. Based on past
and anticipated growth in Central Florida’s population and economy, the number of
warehousing and distribution facilities is likely to increase. Clustering warehousing
and distribution facilities into a Freight Village would allow many shippers and
carriers to benefit from the same infrastructure improvements.

Design Standards/Zoning Classifications

The Mobility Strategy Plan suggests that local jurisdictions develop a warehousing
and logistics (WL) zoning category to ensure appropriate design standards for the
development of Freight Villages or similar sites. Signal timing, geometric design
standards, loading dock requirements, and other factors that affect goods movement
also would be regulated in a WL zone.

Figure 3. City of Orlando Streetscape

METROPLAN has identified several ideal locations for a WL zoning designation in
Central Florida. These areas have a concentration of industrial facilities, high volume
of commercial vehicles, and excellent access to the existing transportation network.
The City of Orlando has begun implementing new zoning classifications in the region
south of the airport. For example, the City has developed an “airport support” zone
as part of its Southeast Sector Plan. The airport support zone provides sufficient
infrastructure to support activities vital to the operation of the airport and the efficient
movement of goods.

Downtown Orlando Truck Route Designation System

Based on its Downtown Orlando Transportation Master Plan, the City of Orlando
designated a system of truck and truck-restricted routes. The goal of the plan is to
funnel truck traffic onto a few north-south facilities in order to minimize impacts on
the downtown system and to better match infrastructure to freight transportation

63



Green Streets and Highways 2010 © ASCE 2011

demand. The City designated four downtown roads as truck routes and required
drivers to use one of the routes (SR 50, SR 408, US 441/Orange Blossom Trail,
Rosalind/Magnolia Avenue) to reach the north-south road that is closest to their
destination. Once on a designated downtown truck routes, trucks must travel as close
to their delivery or pick-up location as possible before they may turn onto an east-
west street, thus minimizing east-west travel (see Figure 2).

This system of truck routes also better matches infrastructure and traffic operations to
commercial vehicle characteristics and infrastructure improvements such as larger
turning radii and lane widths. Signal timing on these routes is designed to meet the
needs of commercial vehicles by increasing the yellow and green signal phases to
meet increased acceleration and deceleration requirements. Prior to Orlando’s route
designation, City roads accommodated trucks, passenger vehicles, pedestrians, and
other modes of highway transportation. By restricting trucks from using several
routes, the City can better meet the needs of other modes of travel in the downtown
area.

WASHINGTON, DC

Washington, DC is home to a vibrant business district, a large tourist industry,
important federal and local government agencies, world-renowned universities,
dynamic entertainment centers, mixed-use commercial areas, and high-density
residential neighborhoods. These conditions are unique do to the higher volume of
federal agencies as well as the frequency of international visitors and representatives,
thus the higher volume and frequency of road detours and security brigades in the
area during various conferences, special dismissals, and closures. Additionally, the
Washington metropolitan area, which includes the District of Columbia and Maryland
and Virginia suburbs, has one of the worst traffic congestion problems in the country.
Thus, the management of goods and services delivery is an important issue facing the
area.

NOTABLE PRACTICES

Transportation Operations and Parking Plan

The District is home to the Washington Convention Center, a state-of-the-art facility
that opened in 2003 in downtown Washington, DC. As described in the
Transportation Operations and Parking Plan, the Center has a total floor area of
approximately 2.3 million square feet, covering six city blocks on 17 acres, and is the
largest building in Washington. Its size allows the simultaneous setup and
breakdown of one convention while another one is being held. The Center can hold
conventions on consecutive days, and thus produce steady transportation activity
from week to week. Not surprisingly, the efficient management of truck activities
such as loading, unloading, storage, and security, without negatively affecting
neighboring streets, is critical to the successful operation of the Convention Center.

The Center has 72 truck loading docks, space to park up to 36 trucks along internal
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lay-by lanes and ramps, and capacity to store approximately 70 trucks in exhibit halls
when not in use. Nearly 180 trucks can be stored within the building. The greatest
truck activity, 100 to 140 trucks per day, occurs about 12 days per year. This level of
truck activity can be accommodated within the Center by staging truck arrivals and
departures throughout the day and utilizing the building’s large storage capacity. The
Convention Center also has an agreement with RFK Stadium to permit truck
marshalling activities at the Stadium on an as-needed and pay-per-use basis. This
allows for efficient management of truck traffic without negatively affecting
surrounding streets.

Truck operations in and around the Convention Center typically are expected to occur
between the hours of 7:00 a.m. and 8:00 p.m. on weekdays and are restricted to
specific routes to prevent truck traffic in nearby residential neighborhoods (Figure 4).
In addition, trucks are not permitted to park on surrounding streets, and all truck
activity is expected to occur in the truck loading and unloading areas within the
Convention Center itself. The Convention Center Transportation Manager provides
this information to all contractors before an event. Convention Center public safety
personnel enforce truck restrictions on surrounding streets and they monitor truck
activity near the Center and report any restricted truck activity to the Metropolitan
Police Department.

Figure 4. Truck Entering Convention Center

MAJOR FINDINGS AND CONCLUSION

The following are just a few of the observations regarding the sustainable strategies
and practices that were identified in these case studies that can be implemented in
other areas around the country. It should be noted that there were many other
excellent studies identified which itemized additional strategies but there was no
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indication that they had been implemented. It was determined by direct contact with
the authors that, in part, those responsible for implementation did so but did not
document that work in any written form.

New York, Los Angeles, Orlando and Washington, DC have made great progress in
improving the operation of their urban goods movement systems. However, to stay
ahead of the demands placed on the system and, thereby, meet the needs of these
thriving economic centers, freight planning, management and operations staff must
continue to develop innovative solutions. The intent was to provide examples, a menu
of possibilities, that could be applied in other communities, lessons learned and
information regarding the benefits realized from implementation.

New York

Enforced time restrictions can help clear spaces more quickly and provide more
turnover in the use of limited curb space.

Reserve spaces for commercial vehicles and concentrate the activity.

Balance the benefits to commercial vehicles and communities.

Understand how trucks are moving through an area and what can be done to
improve the efficiency of truck movements while minimizing their impact on
quality of life. Implement appropriate restrictions such as turns at limited
intersections to improve overall system capacity.

Los Angeles

Create a layer in the GIS database that defines the truck route network used to
serve the area

Use information to ensure connectivity, efficiency, adjacency, and the like

Add additional information to the GIS database including the location of truck-
generating land uses, freeway entrances and exits, railroad grade crossings, and
data on truck related accidents.

Orlando

Develop zoning classifications, such as a warehousing and logistics (WL) zoning
category, to cover goods movement activities.

Include in the zoning classification design standards such as signal timing,
geometric design standards, loading dock requirements as well as other factors
that affect goods movement.

Differentiate between truck trips and vehicle trips in the development review
process to determine the true impact that the development will have on the
surrounding transportation network.

Also identify and, where possible, designate key routes that will be impacted by
the movement of goods to and from the proposed development.

Focus improvements in the goods movement corridors to make them more
attractive to truck drivers.

Washington, DC

Get input from Stakeholder Workshops and/or Citizen Advisory Committees is
essential to the implementation and continued success of initiatives described in
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this case study.

e The concept of Truck Marshalling can be used in other jurisdictions to regulate
truck traffic produced by large events that would otherwise create significant
congestion on surrounding roadways.

e Create a single office or single point of contact to simplify administration, which
would allow parking policy to be adjusted more efficiently in response to
observed changes on the streets, and reduce errors caused by miscommunication
between agencies.

e Formally designate truck routes to address common concerns such as noise,
vibration, and congestion. It will also remove trucks from side streets and other
roadways with inadequate geometry or pavement quality for large trucks, and
provide benefits to both truckers and residents.
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FM 518 Corridor Improvement Study and Implementation, Pearland, Texas
'Harpreet Bedi, “Don Holloway, “Andrea Broughton

Abstract

The City of Pearland (COP), located in Brazoria County, Texas, has witnessed an
explosive population growth from 19,000 residents two decades ago to now over
92,000 residents. A critical link in COP’s mobility is FM 518, a 4-lane roadway
providing access and connectivity through COP and neighboring cities. The study
corridor consists of a 2-mile segment of FM 518 with 11 signalized intersections
providing access to a rapidly growing suburban commercial and residential district.
FM 518 is among the heavily traveled arterial corridors within suburban Greater
Houston Area with average peak hour flows over 3,600 vph and 4,200 vph on
weekdays and Saturdays respectively. Prior to implementation of improvements, the
corridor operated poorly with Level-of-Service E/F conditions, peak directional
average travel time of 16 minutes, and 13 mph average speeds in the study area.

COP, in collective local agency partnership with the Texas Department of
Transportation (TxDOT) and AECOM identified cost-effective traffic engineering
strategies, and design and operational improvements. A phased implementation of
strategies within a constrained budget and schedule resulted in optimal utilization and
efficiency of infrastructure. Corridor operations significantly improved with 62
percent increase in average speeds and 55 percent reduction (8 minutes savings) in
peak directional travel times. The project partnership and efforts successfully
improved corridor mobility and access, enhanced business development, and has
enriched resident quality of life.

Introduction

The City of Pearland (COP) is located in historic Brazoria County, Texas, and is one
the fastest growing cities in the Greater Houston Area (GHA). COP is currently the
third largest city in the GHA; the tenth fastest growing sub-urban area is the state of
Texas; and the thirty fourth fastest growing city in the nation according to Forbes
magazine, July 2007. The COP has witnessed an explosive growth in the last decade
based on its geographic location; proximity to major commercial districts, facilities,
and amenities in the cities of Houston, Sugarland, and Galveston; commercial and
residential development opportunities and facilities; public safety and infrastructure;
and a relaxing environment for residential community welfare and development.
Figure 1 illustrates the geographical location and boundaries of COP, Texas and the
surrounding roadway network in the area.

The development opportunities and incentives offered in Pearland have triggered
population growth in the COP, which has almost tripled in the last two decades from
19,000 to 92,600 residents as of July 2009. The rapid population growth is anticipated
to continue driven by commercial, industrial, and residential developments within
Pearland, Texas Medical Center (TMC), and Brazoria County. Figure 2 illustrates the
population growth trend and projections in Pearland, Texas.
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A critical link in COP’s mobility is Farm to Market (FM) 518, a 4-lane roadway
providing access and connectivity through COP and neighboring cities. The study
corridor consists of a 2-mile segment of FM 518 with 11 signalized intersections
providing access to a rapidly growing suburban commercial and residential district.
FM 518/Broadway Street provides the primary east-west access and connectivity
through COP between Kingsley Drive and SH 35. Figures 3 and 4 illustrate the
dense commercial and residential developments, and the closely spaced 7 signalized
intersections along the highly congested 1 mile segment of FM 518/Broadway Street.
The COP is linked to other cities and counties within the GHA through a network of
existing corridors including SH 288, Sam Houston Tollway, FM 518, SH 6, and SH
35 as shown in Figure 1. FM 2234 and County Road (CR) 59 are two alternate
parallel relief routes to FM 518; however, currently they do not have sufficient
capacity to relieve the traffic demand along FM 518. Figure 4 illustrates the dense
commercial developments and signalized intersections along the highly congested 1
mile segment along FM 518.

Corridor Needs, Issues, and Constraints

FM 518 is among the heavily traveled arterial corridors within suburban GHA with
peak hour flows over 3,600 vph and 4,200 vph on weekdays and Saturdays
respectively. The corridor serves as a vital route for major businesses, residential, and
commercial developments in the area and is critical to the vitality, prosperity, and
overall resident quality of life in Pearland. Recent large-scale multi-use
developments including Shadow Creek Ranch, a 3500 acre lake themed master
planned community; and Pearland Town Center, a 167-acre multi-use development
with retail, restaurants, and apartments have opened on the west section of the
corridor, which attract heavy traffic volumes during weekday evenings and
weekends.

FM 518 has experienced severe congestion, traffic flow, mobility, and safety issues
during the weekday specifically the PM peak and weekend peak periods. The
weekday and weekend peak period traffic patterns along the corridor vary greatly
based on trip attraction and production zones, and origins and destination locations.
FM 518 and SH 288 diamond interchange is a critical point along the corridor with
geometric and lane constraints, and heavy approach volumes. In the evening peak
periods, the interchange experiences heavy southbound left (SBL) volumes from the
SH 288 southbound (SB) exit ramp to major residential and commercial destinations
east of SH 288; heavy eastbound through (EBT) volumes to major residential and
commercial destinations east of SH 288; high westbound through (WBT) volumes to
the Pearland Town Center, commercial developments, and Shadow Creek Ranch; and
high westbound right (WBR) volumes to SH 288 NB. The long traffic queue on the
SH 288 SB ramp spilled over into the SH 288 mainlanes resulting in major safety
issues and concerns for TxDOT. During the weekends the interchange experiences
high EBT and WBT volumes to/from the Pearland Town Center, Shadow Creek
Ranch and WBR volumes to SH 288. Thus, to maintain traffic flow and progression
along the corridor it was critical to coordinate traffic signals to progress EBT and
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WBT traffic as well as the heavy SBL movement at the SH 288 SB Frontage Road.
The study corridor continually operated poorly with Level-of-Service E/F conditions
at most intersections. The prevailing poor peak hour corridor operations resulted in
restricted access and connectivity to residential and commercial developments;
business loss; commuter frustration; resident and employer access and mobility
complaints; and recurring heavy congestion, poor air quality, and safety concerns for
the COP. FM 518 peak period congestion, mobility, and safety concerns were
determined to be a result of a combination of linked issues including capacity
constraints, uncoordinated signal timings, lane use conditions, surrounding land use,
driver origin and destination, and a lack of alternate relief routes to/from major
freeways in the vicinity. Table 1 shows the pre-improvement delay and LOS
conditions at the signalized intersections along the study corridor for the weekday
evening peak and Saturday peak hour conditions.

Travel time (TT) runs along the study corridor were conducted for the weekday
evening and Saturday peak critical conditions. The study corridor continually
operated poorly with an average weekend peak hour travel time of 16 minutes WB
and 11 minutes EB over its 2-mile length. The corridor segment between Kirby Drive
and CR 94/Home Depot was observed as the most congested with average speeds
ranging between 5 to 10 miles per hour (mph) WB, and 15 to 20 mph EB. Weekday
evening peak period travel times of 7 minutes WB and 6 minutes EB were observed
along the 2-mile corridor. Figures 4 and S illustrate the pre-improvement average TT
and speed results along FM 518 EB and WB directions for the weekday evening and
Saturday peak conditions.

Several studies and signal re-timing projects were previously conducted to improve
traffic flow and operations along FM 518. TxDOT and Houston-Galveston Area
Council (H-GAC) commissioned a study (by others) in year 2004 to identify
transportation measures that would improve public safety and traffic flow, reduce
motorist delay, and enhance air quality along FM 518 between SH 288 to SH 146.
Several access management strategies identified as part of the study were
implemented by TxDOT, and corridor signal timings plans were also updated along
FM 518 (by others). However, due to the rapid growth and development in the area;
increasing vehicular demand; and lack of alternate parallel relief routes, the corridor
peak period congestion worsened with several intersections along the study corridor
continually operating poorly at unacceptable LOS E or F conditions.

Project Goals, Approach, and Successful Implementation

AECOM was requested by HEB and AmREIT developments in May 2008 to perform
a study to improve traffic flow and operations at the Broadway Street and Business
Center Drive intersection especially the southbound left (SBL) egress traffic flow
from the Shadow Creek Ranch Town Center located north of Broadway Street. As
part of the study, AECOM identified several interlinked issues along the FM 518
corridor, and discussed the needs and potential relief approach with COP and the
client. The COP maintained a proactive approach to develop cost-effective strategies
to solve transportation issues along the FM 518 corridor as they envisioned further
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reduction in operational LOS due to the additional vehicular demand, land use and
socio-economic conditions, and population forecasts. Based on follow-up discussions
with AECOM, the COP in partnership with TxDOT commissioned a traffic
engineering and operations study with a mission to optimally utilize the existing
infrastructure; identify cost-efficient techniques to improve roadway geometrics and
lane configurations within existing right of way (ROW); access management; and
operational measures to provide immediate congestion relief and to improve traffic
flow, operations, and safety along the corridor. The study approach required a
collective local agency partnership and technical expertise and support from AECOM
to identify critical constraints, develop strategies, design plans, and provide field
implementation support within a constrained budget and schedule. The project tasks
required effective communication, coordination, and teamwork between local
agencies and AECOM throughout the project. Based on the COP mission and
corridor requirements identified by AECOM staff during field visits and discussions
with the local agencies, a phased approach was developed and selected for the
corridor improvements as described below:

e Phase I - Develop and implement signal timing plans to improve traffic
progression and coordination at the new COP signalized intersections along
Broadway Street between Business Center Drive and Kirby Drive (west of SH
288) to the existing signalized intersections along the TxDOT corridor (east of SH
288) prior to opening of Pearland Town Center Mall in August 2008.

o AECOM developed and implemented signal re-timing plans to provide traffic
congestion relief.

e Phase II - Develop and perform traffic signal retiming for 11 signalized
intersections along the congested 2 mile study corridor to improve the east-west
traffic flow, progression, and coordination based on additional vehicular demand
during the weekday and weekend after the opening of Pearland Town Center Mall
and new residential sub-divisions in the Shadow Creek Ranch master-planned
community.

o AECOM developed and implemented signal retiming plans with critical support
from COP and TxDOT to provide traffic congestion relief and improve vehicle
throughput and travel times along the entire corridor. The COP and the TxDOT
signal system are currently non-NTCIP compliant proprietary systems from
different controller manufacturers, thus, direct field communication between
TxDOT intersection signal controllers (east side) and the COP intersection
signal controllers (west side) was not possible which made timing adjustments
challenging. Intersections east of SH 288 were previously interconnected by
TxDOT via twisted pair communication, and local controller clocks were
checked to determine synchronization and communication. GPS units were
installed at critical intersections along the COP and TxDOT intersections to
maintain controller clock synchronization and provide a secondary closed loop
system network. Based on data collected along the corridor previously by
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TxDOT new timing plans were developed based on time of the day traffic
patterns to optimize traffic flow, progression, and bandwidths under over
saturated conditions. In addition to using common traffic signal optimization
programs, bandwidth optimization methodology along with advanced controller
features in the EPAC and NAZTEC controllers were used to ensure optimal
cycle lengths, splits, green time distribution and utilization, and offsets.

e Phase III - Identify corridor improvement strategies, develop design plans,
perform field construction and implementation within a constrained budget and
schedule to maximize traffic flow and efficiency with minimal costs.

o AECOM performed a traffic engineering and feasibility study to identify
geometric and operational constraints, develop and analyze mitigation
alternatives, and recommend feasible short-term cost-effective strategies. The
objective of the study was to analyze and recommend improvements within the
existing ROW and the project length threshold to avoid an environmental phase
process to save valuable time and cost while providing immediate congestion
relief along the FM 518 study corridor. Figure 3 graphically illustrates some of
the improvements implemented by the COP.

= Cost-effective Construction, Striping, and Signing Recommendations

e Widen FM 518 corridor between Town Center and CR 94/Home Depot
from a four lane thoroughfare to a six lane thoroughfare by adjusting
striping and adding minimal pavement to significantly increase through
capacity (based on delays, v/c ratios, and queue lengths)

e Add a dedicated WBR turn lane from FM 518 to SH 288 NBFR (based on
delay, lane utilization, queuing, and v/c ratio)

e At FM 518 and SH 288 intersection reconfigure the eastbound left (EBL)
from a dedicated left turn configuration to a shared thru-left, and the WBL
from dual left (a dedicated left and shared through-left lane) configuration
to a single shared thru-left lane configuration to increase EBT and WBT
capacity and traffic progression (based on traffic patterns, lane utilization
and operational needs)

e Add a southbound right turn lane (SBR) on the SH 288 Southbound
Frontage Road (SBFR) at FM 518 (based on delays, v/c ratios, and queue
lengths)

e Try to eliminate the cross-street split phasing along Broadway Street in
favor of lead-lead or lead-lag phasing. (based on operational constraints)

o TxDOT provided professional engineering design services and developed
detailed roadway design improvement plans in-house based on AECOM
feasibility report recommendations and follow-up discussions with COP to
expedite the design and implementation on a constrained schedule and budget.

o COP Public Works Department coordinated with AECOM and TxDOT to
administer in-house roadway construction, signing and striping, and other local
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recommended cost-effective solutions with critical assistance from Brazoria
County. COP saved valuable time and budget in the construction effort as it
eliminated the bid phase and associated administrative costs. AECOM
performed interim construction phase timing updates along FM 518 between
Town Center Drive and CR 94/Home Depot to ensure mobility, traffic flow, and
progression during the one month construction phase.

o After construction completion, striping and signage improvements, and signal
configuration improvements completed by COP and TxDOT, AECOM
performed the final Phase III timing updates along FM 518/Broadway Street
study corridor to maximize vehicular throughput, flow, progression, and speeds
along the corridor and minimize congestion, delay, and queuing.

o AECOM used average TT and speeds along FM 518 EB and WB as measures
of effectiveness (MOE’s) to determine improvements in traffic flow and
progression along the corridor. In addition vehicular stopped delay was used to
determine signalized intersection performance. Figures 6 and 7 illustrate pre
and post improvement TT comparisons along the FM 518 corridor during
weekday evening peak and Saturday peak conditions (worst case).

o The coordinated efforts by COP, TxDOT, and AECOM helped reduce the
corridor travel time during Saturday peak conditions (worst case) by 55 percent
in the WB direction and 7 percent in the EB direction. Travel times along FM
518 WB and EB have improved significantly by over 8 minutes and around 1
minute respectively on a 2 mile study corridor. Figures 8 and 9 illustrate pre
and post improvement speed comparisons along the FM 518 corridor during
weekday evening peak and Saturday peak conditions (worst case). Average
peak hour speeds along FM 518WB have increased around 7 mph and around 3
mph along FM 518 EB during the Saturday peak conditions. A similar pattern
was determined along FM 518 WB during the evening peak conditions.

Project Success and Future Steps

FM 518 corridor improvement project including study, design, construction, and
implementation were completed within a highly constrained schedule and budget.
With the chronic heavy congestion, poor air quality, and safety concerns associated
with the rapid growth, COP worked with state and local agencies to promptly find
cost-effective solutions to restore the quality of service that drivers and businesses
needed. The mission was achievable due to cohesive teamwork, proactive approach,
collective local agency partnership, and technical expertise to implement quality
solutions within a short schedule which was critical due to the urgent need for traffic
relief in the area.

The project MOE’s indicated significant improvements in mobility and vehicular
throughput along the FM 518/Broadway Street corridor; significant reduction in
congestion and delay; and substantial improvement in the quality of service for
drivers. COP has received positive feedback and response from commuters,
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commercial developments, residents, and officials which is an indicative measure of
commuter satisfaction, improvement in residential and commercial connectivity, and
overall business development. The collective agency and consultant coordination and
efforts have successfully improved traffic mobility, access to residents and visitors to
key destinations including employment, business, and entertainment which had
enriched the overall quality of life in Pearland, Texas.

The COP is currently in the planning process to determine other candidate corridors
for improving mobility, access, and connectivity in the region. COP is also
coordinating with TxDOT, Brazoria County and other neighboring cities and counties
to develop a local Intelligent Transportation System plan to monitor real-time traffic
conditions on its roadways, improve information sharing, and coordinate activities
with other public agencies.
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Table 1: FM 518 Corridor Pre-Improvement Delay and LOS at Signalized

Intersections
. Weekday PM Peak Saturday Noon Peak Hour
Study Intersection along Broadway/FM 518 Delay (5ee/7en) LOS Delay (3ec/veh) LOS

Kirby Drive 38.2 D 36.4 D

Town Center Drive 79.2 E 81.1 F

Business Center Drive 79.1 E 86.5 F

SH 288 SB Frontage Road 119.8 F 248.5 F

SH 288 NB Frontage Road 110.9 F 118.6 F

Silverlake Village/Smith Ranch Drive 170.4 F 380.5 F

Walmart Drive 56.8 E 82.6 F

County Road 94/Home Depot 42.4 D 59.8 E

County Road 93/Miller Ranch Road 20.7 C 106.9 F

County Road 90/Southwyk Road 25.8 C 55.3 E

Sunrise Lake Boulevard 11.2 B 35.6 D
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Figure 2: City of Pearland Population Growth and Forecast
(City of Pearland, with permission from City of Pearland)
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Roundabouts and Sustainable Design

Alex Ariniello and Bart Przybyl

LSC Transportation Consultants, Inc., 1889 York Street, Denver, CO 80206; (303)333-1105;
aja@lscdenver.com and bartp@lscdenver.com.

Abstract

Roundabouts exhibit many of the characteristics of sustainable design: no power consumption by
signal indicators; less pavement devoted to roadways; and lower vehicle energy use and
emissions. Moreover, they result in lower delay and fewer crashes. Yet many states and local
communities are reluctant to use this method of traffic control. The objective of this paper is to
evaluate the use of roundabouts as a tool for reducing energy consumption and greenhouse gas
emissions. This paper will quantify several sustainable performance measures for roundabouts
used in typical applications (in lieu of traffic signals and all-way stop control). Using the City of
Boulder as an example, aggregation of sustainable performance measures for a reasonable level
of roundabout implementation will be evaluated to quantify the impact of large-scale use of
roundabouts on emissions and energy consumption.

Sustainable Transportation Design

What is sustainable transportation? There is no one definition but a good description of the term
might be “meeting our present mobility needs without compromising the needs of future
generations.” The goal of sustainable transportation is to protect the environment and conserve
resources while taking into consideration societal needs as well as benefits and costs.' The
modern roundabout, in contrast to other forms of traffic control, can achieve these sustainability
goals. Two key characteristics of the modern roundabout include (1) a requirement for entering
traffic to yield to circulating traffic and (2) geometric constraints that slow entering vehicles.
Many studies have shown that modern roundabouts (hereafter referred to simply as roundabouts)
can be safe and efficient, and they are now widely used internationally.

In general, roundabouts have improved both overall crash rates and, particularly, injury crash
rates in a wide range of settings (urban, suburban, and rural) for all previous forms of traffic
control except for all-way stop control, for which no statistically significant difference could be
found.’

Roundabout Characteristics

Circular intersection forms have been part of the transportation system in the United States for
over a century. Their widespread usage decreased after the mid-1950s, as rotary intersections
began experiencing problems with congestion and safety. However, the advantages of the
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modern roundabout, including modified and improved design features, have now been
recognized and put to the test in the United States. There are now estimated to be well over a
thousand roundabouts in the United States and tens of thousands worldwide, with the number
estimated to be increasing in the United States each year.’ A modern roundabout has the
following distinguishing characteristics and design features:

Channelized approaches;

Yield control on all entries;

Counterclockwise circulation of all vehicles around the central island; and,

Appropriate geometric curvature to encourage slow travel speeds through the
intersection.

Figures 1 illustrates these characteristics and design features.
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Key Roundabout Characteristics and Design Features

Figure 2 shows an aerial view of the roundabouts along the South Golden Road corridor in
Golden, Colorado. In this case, roundabouts, in combination with access management, have
reduced injury crash rates by 93 percent and reduced 85th-percentile speeds from 47 miles per
hour (mph) to 33 mph while also reducing corridor travel times.”
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Figure 2
South Golden Road Corridor, Golden, Colorado

Benefits of Roundabouts

Roundabouts are becoming more popular based on the multiple opportunities to improve safety
and operational efficiency, and provide other benefits. Of course, roundabouts are not always
feasible and do not always provide the optimal solution for every problem. The benefits of
roundabout intersections, and some constraining factors, are described below.

Traffic Safety — Numerous studies have shown significant safety improvements at
intersections converted from conventional forms to roundabouts. The physical shape of
roundabouts eliminate crossing conflicts that are present at conventional intersections,
thus reducing the total number of potential conflict points and the most severe of those
conflict points. The most comprehensive and recent study showed overall reductions of
48 percent in total crashes and 78 percent in injury crashes.’

Operational Performance — When operating within their capacity, roundabouts typically
have lower overall delay than signalized and all-way stop-controlled intersections. The
delay reduction is often most significant during non-peak traffic periods. These
performance benefits can often result in reduced lane requirements between intersections.
When used at the terminals of freeway interchanges, roundabouts can often reduce lane
requirements for bridges over or under the freeway, thus substantially reducing
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construction costs. However, as yield-controlled intersections, roundabouts do not
provide priority to specific users such as trains, transit, or emergency vehicles.

¢ Environmental Factors — Roundabouts often provide environmental benefits by reducing
vehicle delay and the number and duration of stops compared with signalized or all-way
stop-controlled alternatives. Even when there are heavy volumes, vehicles continue to
advance slowly in moving queues rather than coming to a complete stop. This can reduce
noise and air quality impacts and fuel consumption significantly by reducing the number
of acceleration/deceleration cycles and the time spent idling.

e Pedestrian Safety — Due to the reduction of vehicle speeds in and around the intersection,
roundabouts can improve pedestrian crossing opportunities. Additionally, the splitter
island refuge area provides the ability for pedestrians to focus on one traffic stream at a
time while crossing. However, pedestrians with visual impairments may not receive the
same level of information at a roundabout as at a typical signalized intersection, and they
may require additional treatments, such as pedestrian signalization. Specific design
treatments for enhancing accessibility for visually impaired pedestrians are receiving
continued study.’

e Aesthetics — The central island and splitter islands offer the opportunity to provide
attractive entries or centerpieces to communities through use of landscaping, monuments,
and art, provided that they are appropriate for the speed environment in which the
roundabout is located.

¢ Ongoing Operations and Maintenance — A roundabout typically has lower operating and
maintenance costs than a traffic signal due to the lack of technical hardware, signal
timing equipment, and electricity needs. Roundabouts also provide substantial cost
savings to society due to the reduction in crashes, particularly fatal and injury crashes,
over their service life. As a result, the overall life cycle costs of a roundabout can be
significantly less than that of a signalized intersection.

e Approach Roadway Width — A roundabout may reduce the amount of widening needed
on the approach roadways in comparison to alternative intersection forms. While
signalized or stop-controlled intersections can require adding lengthy left-turn and/or
right-turn lanes, a roundabout may enable maintaining a narrower cross section in
advance of the intersection. However, roundabouts usually require more space for the
circulatory roadway, central island, and sidewalks than the typically rectangular space
inside traditional intersections. Therefore, roundabouts often have greater right-of-way
needs at the intersection quadrants compared with other intersection forms.

Strategies to Reduce Transportation Greenhouse Gas Emissions

In a recent report to Congress, the US Department of Transportation® identified four groups of
strategies to reduce transportation GHG emissions:
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Introduce low-carbon fuels;

Increase vehicle fuel economy;

Improve transportation system efficiency; and
Reduce carbon-intensive travel activity.

The use of roundabouts would fall under the third strategy — improving transportation efficiency.
However, this strategy has drawbacks due to potential induced demand effects. In fact, in its
report to Congress, the US DOT did not attempt to quantify the GHG reductions due to
transportation system efficiency because of the offsets of induced travel demand.

While employing roundabouts on a widespread basis could lead to some induced demand, there
are compelling reasons why the overall GHG reductions would be positive:

¢ Roundabouts have significant benefits during off-peak periods, when induced travel
would be minimal since the roadway network is generally under capacity.

e Unlike traffic signals, roundabouts react instantaneously to changing vehicle demand. If
there are few conflicting vehicles present, entering vehicles can enter with minimal delay.
In contrast, traffic signal systems often operate more inefficiently during off-peak
periods.

¢ Roundabouts require all vehicles to slow down, so induced travel will be much less than a
high speed synchronized traffic signal corridor or a freeway system.

Quantifying Roundabout Emissions and Energy Consumption

There have been several studies comparing the emissions and energy consumption of
roundabouts to alternative forms of traffic control. Since modern roundabouts are relatively new
in the United States, analytical tools are evolving. Most common traffic engineering analysis
packages, such as Synchro or the Highway Capacity Software, have limited capacity to analyze
roundabouts. The Australian traffic model, SIDRA Intersection (signalized and unsignalized
intersection design and research aid), is capable of modeling stop and signal controlled
intersections as well as roundabouts. The SIDRA Intersection model does have the capability to
model vehicle emissions based on vehicle mode including cruise, deceleration, idle, and
acceleration.” The software produces many Measures of Effectiveness (MOEs) including kg/h of
CO; and gallons of gasoline consumed. However, the emission factors are not based on EPA’s
MOBILE, which is the EPA approved emission factor model. MOBILEG6 is an emission factor
model for predicting gram per mile emissions of HC, CO, NOx, CO,, PM, and toxics from cars,
trucks, and motorcycles under various conditions. This is EPA's most up-to-date MOBILE model
and is recommended for all new modeling efforts. Since MOBILES is essentially a line source
model, its use in comparing intersection traffic control is limited. Recent research® at Iowa State
University used MOBILE 6 defaults in comparing an intersection with signalized vs. roundabout
control and found significant reductions in emissions with the roundabout scenario.
Notwithstanding the technical issues with the use of SIDRA Intersection, the use of one software
package with roundabout analysis capabilities and energy and emissions MOEs led to its use in
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this study.

The focus of this study is to evaluate the use of roundabouts as a sustainable transportation
measure. Traffic volume data from 15 existing intersections is used to compare unsignalized and
signalized traffic control with roundabout control. Low, moderate, and high volume intersections
are examined for both peak-hour and off-peak periods. Extrapolations of emissions and energy
reductions to an annual basis are presented and compared with other sustainable transportation
measures.

Study Methodology

A total of 15 Colorado intersections were selected for evaluation, five from three volume groups.
The lowest volume group contains intersections with total peak-hour entering volumes between
500 and 1,000. The moderate volume group contains intersections with total peak-hour entering
volumes between 1,000 and 2,000, while the highest volume group contains intersections with
total peak-hour entering volumes in excess of 2,000 vehicles per hour. Table 1 shows the inter-
sections that were evaluated and their total peak-hour entering volume.

Table 1 - Study Intersections by Group

Low Volume Moderate Volume High Volume
Total PM Total PM Total PM

Peak Enter- Peak Enter- Peak Enter-
Intersection ing Volume  Intersection ing Volume  Intersection ing Volume
Ursula/16th 816 Commerce/Town Center 1,114 Sable/120th 2,266
Montbello/51st 561 Factory Shops/Memphis 1,066 Baseline/95th 2,813
Shaffer/Shaffer 558 Twenty Mile/Pony 1,077 US 6/19th 3,883
Heritage/Eagle 984 Wagon Box/Valleybrook 1,661 Old Wads/Ralston 2,518
Oberon/66th 987 Ford Street/13th 1,661 US 85/166th 2,752

Weekday evening peak-hour data for each intersection was obtained from recent traffic counts.
Hourly volumes were calculated for the remaining 23 hours by using the hourly distribution data
found in Table 41 of NCHRP 365 — Travel Estimation Techniques for Urban Planning’,
published by the Transportation Research Board (TRB) in 1998. Once a full weekday of volume
data was calculated for each intersection, all 15 intersections were evaluated as a roundabout and
an unsignalized or signalized intersection using the SIDRA Intersection, version 3.2, capacity
analysis software. Each intersection in the low volume group was evaluated as a one-lane
roundabout and an all-way stop controlled intersection with single-lane approaches. For the
moderate group, each intersection was evaluated as a one-lane roundabout and a traffic signal.
Finally, for the high volume group, each intersection was evaluated as a two-lane roundabout and
a traffic signal. The lane geometry used for the traffic signal analysis was based on the actual
existing lane geometry found at the study intersections. Existing phasing was also used, while the
timings for each phase were optimized within the SIDRA Intersection software.
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The SIDRA Intersection analyses provide various MOEs relating to operational efficiency,
energy use, and emissions. However, this study will focus on two in particular, fuel consumption
and CO, emissions. Both were calculated for each of the 15 intersections assuming roundabout
and unsignalized or signalized control. The results for each group were averaged and compared
to determine the reduction in both fuel consumption and CO, emissions when comparing
roundabout to stop control and traffic signals. The daily results were then extrapolated to an
annual quantity.

Reduction in Fuel Consumption and CO, Emissions

Table 2 shows the reduction in fuel consumption and CO, emissions when comparing
roundabouts to unsignalized and signalized traffic control for each of the three volume groups.

Table 2 - Fuel Consumption and CO, Emission Reductions by Group

Fuel Consumption CO, Emissions
Reduction (gal.  Percent  Reduction (metric Percent
Group Comparison per year) Reduction tons per year) Reduction
Low All-Way vs. One-Lane 9,570 19.4% 90.9 19.5%
Moderate Signal vs. One-Lane 4,000 5.6% 37.7 5.5%
High Signal vs. Two-Lane 23,718 13.3% 224.5 13.3%

As shown, roundabout control provides significant reductions in both fuel consumption and CO,
emissions. Reductions of fuel consumption of approximately 6 to 20 percent can be expected
when roundabouts are installed instead of stop control or traffic signals. Similar benefits can be
expected when comparing the CO, emissions of each type of traffic control. As shown in Table 2,
the benefits are highest for low volume intersections where one-lane roundabouts can be
installed in place of all-way stop control and those with higher traffic volumes where two-lane
roundabouts can be constructed in place of large signalized intersections.

Utilizing data from all 15 intersections, a relationship between total peak-hour entering volume
and the reduction in fuel consumption and CO; emissions can be established, and is shown in
Figure 3. As shown, reductions in both fuel consumption and CO, emissions increase
proportionally with increases in the total evening peak-hour entering volume. For low volume
intersections with entering volumes of around 500 vehicles per hour, annual reductions of
approximately 8,000 gallons and 75 metric tons of CO, emissions can be expected. For high
volume intersections with total evening peak-hour entering volumes of 2,500 to 4,000 vehicles,
annual reductions of 15,000 to 45,000 gallons and 150 to 400 tons of CO, emissions can be
expected.
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Finally, the reduction in fuel consumption and CO, emissions by time of day was also calculated.
Figures 4 and 5 show these relationships for fuel consumption and CO, emissions, respectively.
As shown, the reduction is highest during the peak-hour for intersections with low traffic
volumes where all-way stop control is less efficient than a one-lane roundabout during periods of
high activity. For intersection with moderate traffic volumes where a one-lane roundabout might
be considered in place of a traffic signal, the benefits are highest during the off-peak when
drivers are able to navigate the roundabout with minimal delay. For the high volume group, the
highest reductions were once again found during the peak-hour, where a two-lane roundabout
was able to better handle the large traffic volumes.
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Additional Benefits due to Roundabouts

In addition to the emissions reductions associated with the operations of a roundabout, there are
additional benefits that roundabouts bring when compared to a traffic signal. The power
consumption that a typical moderate volume traffic signal produces results in the production of
approximately 3 metric tons of CO, emissions per year, while a larger high volume traffic signal
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will produce approximately 5 metric tons of CO, emissions per year. If these reductions are
added to those shown in Table 2, the total CO, emissions reduction for moderate intersections
increases to 40.7 metric tons per year while the total reduction for high volume intersections
increases to 227.5 metric tons per year.

As previously mentioned, roundabouts also provide significant safety benefits. Based on research
found in NCHRP 572 — Roundabouts in the United States’, roundabouts result in a 48 percent
reduction in total crashes when compared to an urban traffic signal with a 78 percent reduction in
injury crashes. All-way stop controlled intersections have similar crash rates to roundabouts.
Based on crash research at by the Colorado Department of Transportation'’, a traffic signal
experiences approximately 4.41 injury crashes and 10.84 property damage crashes per year.
Assuming the reduction percentages in the NCHRP report, a roundabout intersection would
result in approximately 3.4 less injury crashes and 5.2 less property damage crashes. Based on
data compiled by the Federal Highway Administration (FHWA)'', a minor injury crash costs
approximately $54,800 while a property damage crash costs $2,740. As a result, the safety
benefits of a roundabout would result in approximately $200,570 of savings per year. This is a
significant cost savings when compared to the approximately $84,000 of fuel cost savings
associated with a high volume intersection (30,441 gallons of fuel multiplied by a cost per gallon
of $2.75).

Roundabouts as a Climate Change Strategy — Case Study

To put the emissions reduction benefits of roundabouts in perspective, the City of Boulder,
Colorado, was selected for a case study. Boulder has adapted a Climate Action Plan and vehicle
transportation was identified as the second largest sector of Boulder’s GHG emissions, producing
514,000 metric tons of CO; in 2004, or 28% of total emissions. The City has set an emissions
reduction goal of 157,000 tons of CO, by 2012. One strategy identified is to improve overall fuel
economy of passenger vehicles by 5% which would reduce the City’s GHG emissions by 28,700
tons of CO; in 2012, or about one-sixth of its transportation goal.

Another strategy could be converting existing intersections to roundabouts. The City has 125
traffic signals and converting 10% or 12 intersections may be feasible. Converting another 13
unsignalized intersections to roundabouts may also be conceivable. Table 3 shows a potential
breakdown of these roundabouts by low, moderate, and high volume along with CO, emission
reductions. The conversion of 25 intersections to roundabouts could achieve 2.0% of Boulder’s
transportation sector emissions reduction goal.
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Table 3 - Reductions in CO; in the City of Boulder

Annual CO, Total CO, Percent of
No. of Emissions Reduction Emissions Reduction City of Boulder
Group Locations per Location (mt. ton) per Year (mt. ton) 157,000 Ton Goal
Low 8 90.9 727.2 0.5%
Moderate 8 40.7 325.6 0.2%
High 9 227.5 2,047.5 1.3%
Total 25 3,100.3 2.0%

The potential benefits to the City of Boulder could also be evaluated in terms of cost, where
several of the benefits of roundabouts could be combined. Table 4 shows a summary of the
annual and 20-year cost benefits if the City converted 25 intersections to roundabouts.

Table 4 - Cost Benefits in the City of Boulder

Total
Reduction in Total Total Total
Fuel Reduction Reduction  Annual Total 20-
No. of Consumption  in Injury in PDO Cost Year Cost Total Cost to

Group Locations (gal.) Crashes Crashes Savings Savings Construct
Low 8 76,560 0.0 0.0 $210,540 $4,210,800 $4,000,000
Moderate 8 32,000 27.2 41.6 $1,692,544  $33,850,880  $6,400,000
High 9 213,462 30.6 46.8 $2,392,133  $47,842,660  $10,800,000
Total 25 322,022 57.8 88.4 $4,295,217  $85,904,340  $21,200,000

As shown, the annual savings for all 25 intersections would be approximately $4.3 million
dollars. This is based on the reduction in fuel consumption (at $2.75 per gallon), injury crashes
(at $54,800 per injury crash), and property damage crashes (at $2,740 per property damage
crash). Over 20 years, the cost savings would equal almost 86 million dollars, or more than 4
times the initial 21.2 million dollar construction cost. As a result, roundabouts not only provide
environmental benefits, but are also very cost effective.

Conclusions

As the Boulder cast study suggests, roundabouts can achieve sustainable transportation goals of
protecting the environment and conserving resources while taking into consideration societal
needs as well as benefits and costs. High volume roundabouts can reduce CO, emissions by up to
400 metric tons per year, reduce energy consumption by up to 45,000 gallons of gasoline per
year and reduce crashes by 8.6 per year. Roundabouts should be considered an important climate
change strategy and in the case of Boulder, construction of 25 roundabouts could achieve 2
percent of its transportation section emissions reduction goal. While the emissions reduction
benefits of roundabout are considerable, the safety benefits are significant and combined make
roundabouts an important sustainable transportation traffic control measure.
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ABSTRACT

Throughout the US and worldwide, great places can be defined as attractive, active,
open, walkable, entertaining and full of people. Great places have great streets and
great streets have a “place” function. Great streets are accessible, livable, safe,
comfortable, and interactive. Over 130 municipalities across the US have complete
streets policies. A Contextually Complete Street is a multi-modal complete street
reflecting the principles of context sensitivity and sustainability. In a Contextually
Complete Street, the stakeholders and context define what is meant by “complete.”

This paper describes Contextually Complete Street principles and provides examples
of these complete street solutions. Common themes of Contextually Complete Streets
are explored and tools that can be used in achieving a Contextually Complete Street
are highlighted. These tools include road diets, traffic calming, intersection design,
designing for pedestrians and bicyclists, transit design features, lane restrictions, and
green street options.

DEFINITION OF CONTEXTUALLY COMPLETE STREETS

A contextually complete street is a function of both the outcome of the process and
the process itself. Contextually complete streets are different from complete streets in
that the context and stakeholders define what is meant by “Complete.” In a
contextually complete street, the stakeholders define the transportation modes and
facilities that need to be accommodated, which may vary from street to street (ie bus-
only street, bicycle/pedestrian crossings at key locations, etc). The street solution is
not a “one size fits all” and the street may not require every mode. Contextually
complete streets require proactive stakeholder involvement, an inter-disciplinary
team, collaboration and commitment from all stakeholders. Figure 1 illustrates the
process of applying contextually complete streets.
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Public Public Public Public
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Alternative Refined Final
Plans Plans Plans

Figure 1: Proactive Stakeholder Involvement through the Project Process

CONTEXTUALLY COMPLETE STREETS PRINCIPLES

As defined above, the context and stakeholders define what is meant by a complete
street. A number of principles unique to Contextually Complete Streets are identified
as follows. These principles are not specific to Complete Streets alone; instead, they
reflect a need to integrate stakeholder input to help shape the transportation planning
process. General principles of Contextually Complete Streets include:

e Understanding and application of context
Flexibility and creativity to shape transportation solutions
Preserve and enhance community and natural environments
Consideration of multiple modes
Creation of street that is safe, accessible, and livable
Humanize the street; transform into a destination
Proactive stakeholder involvement and interdisciplinary team
Development of a unique solution

There are several benefits to planning, designing and implementing Contextually
Complete Streets. These benefits include:

e Public acceptance e Pedestrian activity

e Humanizing the street e Multi-modal transportation
e Transforming to a destination options

e Safety e Reducing greenhouse gas
e Revitalization emissions

Figure 2 provides an illustration showing different streets in a sample transportation
network and how each one is contextually unique. Each has its own function and
purpose, and all work together to form a cohesive network of streets.
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Figure 2: Context and Stakeholders Define “Complete”

CONTEXTUALLY COMPLETE STREETS EXAMPLES

Examples of Contextually Complete Streets in the United States and Australia are
described in this section including the process, context and unique design features for
each of the streets. The examples include Stone Avenue (Tucson, Arizona), Franklin
Corridor (Eugene, Oregon), Mooloolaba Esplanade (Sunshine Coast, Australia) and
14™ Street (Denver, Colorado).

The projects described below represent Parsons Brinckerhoff project examples that
the authors of this paper were involved with. The projects were selected based on
their representation of the principles embodied in Contextually Complete Streets, as
well as their diversity in transportation components and context. Stone Avenue is a
large-scale suburban example while 14™ Street is a smaller-scale urban example in a
downtown environment. The Franklin EmX corridor provides a transit example in
street right-of-way while Mooloolaba provides an example of roadway transformation
(narrowing) to create an oceanfront destination. These examples best reflect the
principles of Contextually Complete Streets as defined above.

Stone Avenue, Tucson, Arizona

Stone Avenue is a north/south urban corridor that was formerly a “main drag”
through Tucson, Arizona. A four-mile stretch of this street was proposed to be
widened to accommodate suburban commuters. The corridor had experienced
deterioration, and business owners and residents sought to revitalize the street.

A group of 18 neighborhood associations collaborated with the City of Tucson to
define key issues and goals for the street which included accommodation of future
travel without widening, reinvigoration of businesses and residences, and improved
pedestrian safety. To improve traffic flow without widening, this corridor was
modified by improving key intersections and geometrics, upgrading of traffic signals,

96



Green Streets and Highways 2010 © ASCE 2011

reducing access points to minimize conflicts, and
consolidating off-street parking (Parsons
Brinckerhoft, 2001).

The unique design features included:

e No widening of the street

e Addition of center turn lane or landscape
islands
"Greening" of the corridor
Integration of public art
Improved pedestrian and bicycle crossings
Prohibition of cross-traffic on side streets
(right turns only)

Figure 3 shows side street (cross traffic) to Stone .

Avenue with rights only for vehicles and improved -—
bicycle and pedestrian crossings. The Stone Avenue

project has been successful with incremental improvements making a big difference.
The economic assistance and incentives from the City are spurring higher density
mixed-use development. The Contextually Complete Street examples exemplified
through this project include flexibility and creativity to shape transportation solutions,
as well as development of a street that is safe, accessible and livable. The street
improvements led to a street that is more inviting, and that is safer for all users.

Franklin Corridor — Bus Rapid Transit, Eugene, Oregon
The Franklin EmX Corridor consists of 4 miles of the !MMPI.
larger bus rapid transit (BRT) system in Eugene, LU e

M .

Oregon. The corridor has eight stations including
stops at major regional facilities (University of
Oregon and the Sacred Heart medical center). The
system opened in January 2007 as one of ten FTA
demonstration projects for BRT. The route has
experienced an 80% increase in first year ridership
over the fixed route service. Twenty-five percent of

riders are new transit users. Ve | Egs

i -/ L AN
An important part of this project was developing Figure 4: Franklin Corridor,
solutions that would reduce the overall footprint of Photo courtesy of Kari Turner,
the BRT transit way to minimize impacts on the Pivot Architecture

street and surrounding uses. Key components of the

Franklin EmX corridor included signal priority, queue jumping, dedicated transit-
ways, median stations, public art, and sustainable features. Additionally, trees older
than 50-years, classified as heritage trees by the City of Eugene, needed to be
protected. By City ordinance, these trees could not be damaged or removed without a
public vote.
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Development of the design included investigation of the true functional minimums of
lane widths on both tangent and curved transit ways, vehicle approach and departure
angles from stations to assure adequate docking for near level boarding, and reversing
curve radii at various speeds to allow for lane shifts across intersections. These
minimums were tested through a combination of computer modeling, customized
with BRT vehicles and field testing of the designed configuration to validate the
model results.

The designed transit ways incorporated key innovations which include:

e Bi-Directional Lanes (shown in Figure 4) - Implementation was critical to the
success of the project using a block control concept and detection system of
loops and onboard transponders.

e Tree Protection — Use of reinforced grade beams for vehicle support to
distribute live loads and minimize the compaction of the subsurface soils
around the deeper tree root system.

e Integrated Water Quality - For portions of the corridor with separated right-of-
way, the design integrated water quality strips between track like ribbons of
concrete. The concept of the water quality strip provided water quality
treatment before stormwater flow concentrated.

Specific Contextually Complete Streets principles embodied in the Franklin Corridor
example include preservation and enhancement of the natural environment and
creation of a unique transportation solution. A key to the introduction of the BRT
involved minimization of the footprint and protection of the surrounding street
environment. Through tree protection and integrated water quality solutions, the BRT
exemplified sustainable solutions to minimize the project’s impact. In addition, the
project required a solution for BRT which was unique to the Franklin Corridor.
Constraints in the existing street, paired with the community’s vision for the project,
led to this unique solution.

Mooloolaba Esplanade, Sunshine Coast, Australia

As a recreational corridor parallel to the ocean, the Mooloolaba Esplanade was
experiencing increased traffic congestion and acting as a barrier between
shops/restaurants and the ocean. Poor pedestrian and bicycle connections further
limited access and connectivity. In addition, traffic on Mooloolaba Esplanade was
creating significant noise that became disruptive to restaurant, shop and beach
visitors. The solution for Mooloolaba Esplanade was to apply a road diet to reduce
the number of lanes. The street was converted from a four-lane two-way street to a
one-lane one-way street with short term parking, landscaping, street lighting, islands,
and bulb-outs at intersections (See Figure 5).
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Figure 5: Mooloolaba Esplanade, Sunshine Coast, Australia, Photos courtesy of
Steven Burgess, PB

The results of the Mooloolaba Esplanade project include:

Designed to fit the context and shaped by the community

Attractive and vibrant street

Safe and comfortable for all users

Gathering place for pedestrians

Retail and restaurants with outdoor seating line the street with ocean on other
side

The Contextually Complete Streets principles exemplified in this project included the
need to understand the area’s unique oceanfront context, and the transformation of the
street into a destination. The project was successful in that it lessoned the importance
of the street as a through-corridor and instead allowed for outdoor dining, recreation
and access to the ocean. The transportation improvements helped create a destination
within the larger context, and provided greater connections to nearby destinations. In
addition, by implementing a more walkable, human-scaled street environment,
pedestrian activity was encouraged.

14th Street Project, Denver, Colorado

Denver’s 14" Street project was initiated in 2005 to create a new identity for the
corridor. This 12-mile stretch of Downtown Denver is home to a number of visitor-
oriented uses including the Colorado Convention Center, the Denver Performing Arts
Complex, the Hyatt Regency at Colorado Convention Center, and four other new or
recently-constructed hotels. The City of Denver, the Downtown Denver Partnership
and the Downtown Denver Business Improvement District came together to plan for
new street improvements that would improve the multi-modal capacity of the street,
create a pleasant walking environment and capture the street’s entertainment context.
As the project evolved, the street became known as the “Ambassador Street” of
Denver, and the transportation plan needed to respond to this unique context.

The 14" Street example is a notable example of two principles in Contextually
Complete Streets: consideration of multiple modes and utilizing proactive stakeholder
involvement. In terms of consideration of multiple modes, it was important in this
example to link decisions to the surrounding roadway network function. It was not
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feasible to place every mode on 14™ Street (particularly buses) due to the physical
constraints that exist. However, since users have access to an interwoven network of
facilities downtown, they can easily connect to the surrounding streets with transit.
This concept of connecting to the network is explained in detail in a number of
literature sources, most recently in Complete Streets: Best Policy and Implementation
Practices and Designing Walkable Urban Thoroughfares: a Context-Sensitive
Approach.

In terms of stakeholder outreach, the corridor has a number of large landowners and
thus the discussion on street improvements and funding for those improvements
focused on the landowners. Multiple workshops were held to focus on the project
vision and transportation solutions, sustainability, General Improvement District
formation, urban elements, conceptual streetscape alternatives and maintenance
priorities and assessment methodologies. In addition, multiple meetings were held
with City Council to provide updates and gather feedback.

In the proposed plan, the one-way street configuration will be transformed from three
through-lanes to two lanes with a flex lane. The flex lane will be used as a through
lane in peak hours and a parking lane in off-peak hours to provide only enough
capacity to adequately serve anticipated vehicle traffic. In addition, sidewalks will be
expanded to 16 feet on one side and 19 feet on the other to facilitate outdoor seating
and ground floor shopping. A dedicated 5-foot bicycle lane will be added in the street
to attract bicyclists. Additional streetscape elements along the corridor include:

e Approximately 200 new trees, e Improved pedestrian lighting,
e New flower planters, e Decorative street corner

e Better “wayfinding” signage, monuments, and

e (Crosswalk bulb-outs, e Bike racks.

Figure 6 displays visualizations developed to show the future cross-section and
streetscape environment on the corridor.

I NG

Figure 6: 14™ Street Visualizations, Photos courtesy of PB

CONTEXTUALLY COMPLETE STREETS TOOLS

Tools that can be used in achieving a Contextually Complete Street include road
diets, traffic calming, intersection design, designing for pedestrians and bicyclists,
transit design features, lane restrictions, and green street options.
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Road Diets

A road diet entails removing travel lanes from a roadway and utilizing the space for
other uses and travel modes such as bike lanes, on-street parking, transit, wider
sidewalks, and landscaping. The technique is commonly used to convert four-lane
undivided roadways into streets with two travel lanes and a center turn lane or raised
median. Resulting benefits include reduced vehicle speeds; improved mobility and
access; reduced collisions and injuries; and improved livability and quality of life.

The Road Diet Handbook: Setting Trends for Livable Streets authored by Jennifer
Rosales (2007) is a comprehensive guide for practitioners on the decision-making of
the applicability of road diets. The handbook explains that for cost-effectiveness and
natural resource conservation, road diet projects can be designed and constructed by
simply re-striping the roadway and re-using the existing pavement width and curbs.

It is important to recognize that every project is unique. Design solutions for road
diet project alternatives need to:
» Provide a safe and efficient transportation corridor for vehicles, buses,
bicycles and pedestrians.
= Balance the needs of the transportation system with the interests of the
surrounding community and the environment
» Create a transportation facility that is an asset to the community

The road diet design concept of the conversion of a four-lane undivided roadway to a
two-lane roadway is shown in Figure 7. A center turn lane is recommended when
driveways are present, and a landscaped center median in areas where driveways are
uncommon or absent. The remaining roadway width can be converted to bike lanes,
on-street parking, landscaping, sidewalks, and/or turned back to the property owners.

AFTER

Figure 7: Road Diet Illustration Photos courtesy of Todd Boulanger, City of
Vancouver, Washington

Traffic Calming
Traffic calming measures can be implemented as part of road diet projects. The
Traffic Calming State of the Practice (ITE, 1999) provides traffic calming options
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that can be considered. The handbook presents examples of traffic calming measures.
Traffic calming measures include:

Street trees Selective enforcement

On-street parking

e Narrow streets e Chicanes

e Pavement texturing/coloring e Chokers

e Curb extensions e Raised crosswalks
e Medians e Raised intersections
e Landscaping e Diagonal diverters

[ ] [ ]

[ ]

In addition to the above traffic calming examples, roundabouts can be used for
intersection traffic control to both slow traffic speeds and keep traffic moving.
Roundabouts: An Information Guide (FHWA, 2000) is an important resource to use
when considering the implementation of a roundabout.

Designing for Pedestrians
Streets have multiple uses and appropriate solutions should be selected to improve
pedestrian safety and access. When designing for pedestrians, the following are key
issues/actions to be addressed and/or undertaken:
e Identification of pedestrian crossing locations and exposure to potential
hazards.
e Identification of missing sidewalks or pathways.
e Identification of transit zones and stop locations and provision of adequate
pedestrian access.
e Both pedestrian and bicycle facilities need to be designed to be compatible
with and facilitate transit use.
e Design and maintenance of landscaping to provide good visibility between
pedestrians and approaching vehicles.
e Provision of adequate lighting for pedestrian safety at night.
e Comfortable sidewalks for pedestrians, with a minimum width of 5 feet, and
maintained routinely.

Other sources for effective design of pedestrian
facilities include: Alternative Treatments for At-
Grade Pedestrian Crossings (ITE 2001), Safety
Effects of Marked vs. Unmarked Crosswalks at
Uncontrolled Locations (FHWA, 2002), Design and
Safety of Pedestrian Facilities (ITE, 1998), and the
Guide for Planning, Design and Operation of
Pedestrian Facilities (AASHTO, 2004). Pedestrian
facilities need to be accessible to all users, and in the
U.S. meet the requirements of the Americans with : ;
Disabilities Act (ADA), and an additional resource ~ Figure 8: Curb Extension
is the Draft Guidelines for Accessible Public Photo courtesy of Jennifer Rosales,
Rights-of-Way (U.S. Access Board, 2005). PB
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Guidelines for installing marked crosswalks and other needed pedestrian
improvements at uncontrolled (unsignalized) locations are provided in the Road Diet
Handbook. To reduce the effective street crossing distance for pedestrians, the
following design options can be considered:
e Narrow the street width
e Provide curb extensions (Figure 8)
e Add raised pedestrian refuge islands at intersections
e Pedestrian refuge islands as raised medians
between center left turn lanes, if designed
appropriately.

Designing for Bicyclists

Bicycle travel is an important element of
multimodal, livable streets. Bike lanes not
only improve the bicycling environment, but
also provide a buffer to pedestrians. In
addition, bike lanes allow space for vehicles
to temporarily stop while emergency
vehicles pass. They add to turning radii and
improve sight lines. Important sources for
bicycle facility design and treatments are the
AASHTO Guide for the Development of

Bicycle Facilities (AAHSTO, 1999), Figure 9: Bicycle lane in Portland,
Innovative Bicycle Treatments (ITE, 2002), Oregon Photo courtesy of Jim Hencke,
and the MUTCD (FHWA, 2003). PB

Bicycle facilities may come in a number of forms, including:
e Bicycle lanes (Figure 9)
e Multi-use paths
e Sharrow - shared facilities (wider curb lane)
e Bicycle Racks
General considerations for bicycle facilities are:
e Smooth surfaces are needed for safety and comfort of bicyclists.
e Regular maintenance and street sweeping are required and pavement should
be free of large cracks and potholes.
e Curb inlets for drainage or bicycle-safe inlet grates should be provided.

Designing for Transit

Transit-friendly streets need to address all of the functions of a street, including
adequate space for pedestrians. Every street is unique, and thus requires a different
solution. The right balance is required, since some transit modes may have the
tendency to overwhelm other street activities. The integration of various modes at
intersections is important, particularly at busy downtown intersections with
substantial pedestrian traffic. In Figure 10, a Denver Regional Transportation District
(RTD) light rail line intersects with the 16th Street Mall Shuttle in the center of
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downtown. Safety and visibility are key factors to maintaining separation of modes
and efficient travel movements.

There are many
examples of
successful
integration of
transit with
streets. The
Melbourne
Tram system,
one of the most
extensive of its

kind in the Figure 10: Transit Streets in Denver, CO and Melbourne, Australia

world, runs ina  Photos courtesy of Lindsey Sousa, PB
loop through

downtown in the center of the street. Pedestrians access the Tram stations via
crosswalks that link them to stations in the center. The streets maintain wide
sidewalks for pedestrians, with bi-directional vehicular flow.

On-Street Parking

On-street parking provides a buffer to pedestrians from traffic and is found to
decrease traffic speeds. In addition, on-street parking meets the needs of adjacent
land uses and stimulates street activity. On-street parking should be implemented
based on project context, traffic volume and speed, adjacent land uses, and local
parking management plans and policies.

General considerations for on-street parking are (Rosales, 2007):

e Parallel parking should be considered on urban arterials and collectors.

e Angled parking may be considered on low-speed and low-volume
commercial collectors and main streets.

e On-street parking should not be considered on major streets with speeds
greater than 35 miles per hour due to potential maneuvering conflicts.

e Consider the use of a curb lane for on-street parking during off-peak hours.

e Provide a minimum of 1.5-foot offset between face of curb and edge of
potential obstructions such as poles and trees.

e Parking should be prohibited within 20 feet of fire hydrants or per local
codes.

e Parking should be at least 20 feet to 50 feet from midblock crosswalks and at
least 20 feet from the curb return of intersections (30 feet for signalized
intersections). Curb extensions can be used to reduce this distance.

Lane Restrictions

Lane restrictions are one tool available to improve the function of different modes
together along one corridor. Lane restrictions may isolate modes, such as bus lanes,
from free flowing traffic to improve the operational capacity and efficiency of travel
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(See Figure 11). The intent of implementing
lane restrictions is to improve the operations
of each travel mode while maintaining a safe
environment for all street users. Bicyclists
may be separated from vehicular traffic
through colored bicycle lanes, or trucks may
be restricted to certain lanes. Lane restrictions
should be implemented in the context of the
street, based on existing and future traffic
volumes, bicycle and pedestrian traffic and
transit mode share. Enforcement and signage
are important elements to lane restrictions.

Figure 11: Trans1t Only Lanes with
Bicycle Sharrows

Green Streets

A green street should both meet transportation need and apply environmental
stewardship to improve the natural, built and social environments. As identified in
Metro’s (regional government agency for Portland Metro, Oregon) Green Streets
Handbook (Metro, 2002), the appropriate green street des1gn solutlons and/or
combination of solutions depend on the desired ' 9
functions (e.g., runoff reduction, detention,
retention, conveyance and water quality
mitigation) and site/watershed conditions. One
example of a green street treatment is shown in
Figure 12. An important consideration with
green streets is the need to reduce impervious
surface area. However, reducing impervious
surface area should not occur at the expense of
accommodating multiple modes of travel
(McCann and Rynne, 2010). Green streets and : =
complete streets can be mutually beneficial, and ~ Figure 12: Green Street with Bio-

each should consider the larger context in Swale and Unit Pavers, Photo
coming to a solution. courtesy of Jennifer Rosales, PB
IMPLICATIONS

The principles and tools described in this paper have implications for the roadway
planning and design profession as a whole. Oftentimes, the solution to a street may
be predetermined prior to beginning a project. In a contextually complete street, the
key is to work with stakeholders and the existing context to help define the project
outcome. The sampling of techniques listed above may not apply to every project;
however, these techniques should be considered by agencies in the project design
process. Many of them may be new concepts that have not been tried before (ie the
road diet); however, by using these tools, agencies may have greater flexibility in
accommodating multiple modes in corridors with limited right-of-way.
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ABSTRACT

Many factors influence one’s decision to walk or bike when making a trip.
Currently there are limited models available to quantify the demand for walking and
biking. This paper describes the basic concepts to estimating non-motorized demand
and introduces a new paradigm to quantifying walking and biking trip demand at a
parcel level. Looking at non-motorized trips at the parcel level represents a shift
towards analyzing activity at a true pedestrian and bike scale. This robust modeling
approach is the first of its kind and provides a powerful tool for communities to
quantify and compare actual walking and biking demand so that future transportation
investments can be evaluated and prioritized. This modeling approach also serves as
a tool in conveying how certain land use patterns and infrastructure investments can
and do influence the way we travel. The components of the parcel-level, non-
motorized model and its application are discussed.

INTRODUCTION

Throughout the United States over the last two decades there has been an ever
growing movement to increase walking and biking opportunities within our
communities. This movement has been spawned by a desire to make our
communities more livable, to reduce our dependence on the automobile and limited
energy resources, to increase mobility options, and to live healthier lives through
active transportation.

The Non-Motorized Demand Model (Trip Model) is a procedure developed to
estimate daily walking and biking trip demand at a parcel scale. The first of its kind
nationally, the Trip Model has been used to estimate demand spatially for up to eight
types of walking trips and five types of bicycle trips in two urban areas in Tennessee.
It provides a powerful tool for communities to quantify and compare actual walking
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and biking demand so that future transportation investments can be evaluated and
prioritized. It also helps convey how certain land use patterns and infrastructure
investments can and do influence the way we travel.

This research paper summarizes the travel estimating process, explores how non-
motorized travel estimating techniques differ from traditional auto-oriented
approaches, and discusses the new approach of the Trip Model in estimating demand
for walking and biking trip making.

BACKGROUND

Since the 1950s, regional transportation forecast modeling has played an important
role in transportation planning in urban areas. The use and formation of
transportation modeling at the regional level is firmly linked to the passage of the
Federal-Aid Highway Act of 1962 which set in place the requirement of urbanized
areas of 50,000 or more in population to have a continuing, comprehensive urban
transportation planning process carried out cooperatively by states and local
governments in order for a region to receive federal transportation funding (Weiner,
1997).

The use of regional transportation models has been an integral part of urban
transportation planning since that time and has evolved over the years in response to
the need to address a broader range of policy, project, and investment options. A
primary objective of the travel demand model is to predict changes in travel behavior
and transportation conditions as a result of proposed transportation projects, policies,
and future changes in socioeconomic and land use patterns. While advancements in
travel demand modeling for motorized modes (i.e. auto, transit, and freight) have
been made over the years travel demand modeling for non-motorized modes (i.e.
walking and biking) have seen relatively limited advancements in comparison.

This section briefly discusses the general framework of methods used to quantify
travel demand specifically non-motorized demand, the factors that are largely
attributed to affecting demand for non-motorized transportation, and how the parcel-
level, non-motorized model fits within these current approaches.

Modeling Travel Behavior

A variety of forecasting methods has been developed to predict changes in travel
behavior. Forecasting methods are generally founded on theoretical models and then
verified by empirical studies, which describe how people change their behavior in
response to changes in conditions which influence these behaviors. The two
quantitative methods that are often used for analyzing and forecasting non-motorized
behavior include:

e Aggregate Methods - Aggregate methods look at travel from an areawide
perspective. They attempt to relate characteristics of an area (e.g., population,
employment, or average income) to travel characteristics of that area (e.g.,
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average number of trips per household, or the number or percent of trips made
by foot or bicycle). In the context of non-motorized travel, these studies may
also look at characteristics of specific facilities (e.g., roadway and sidewalk
width or type) in conjunction with characteristics of the surrounding area (e.g.,
population density, or number of students) to predict the number of people
using the facility.

e Disaggregate Methods - Disaggregate methods look at travel decisions from
the perspective of the individual. The individual's personal characteristics
(e.g., age, gender, attitudes, beliefs) interact with the travel options available
to them (e.g., time, cost, comfort of competing modes). To predict overall
demand, models of individual behavior are applied across a population with
known characteristics.

Each approach has its advantages and disadvantages. Aggregate-level methods tend
to be relatively easy to apply, with readily available data sources and computational
methods, and can be useful for sketch-planning purposes. Disaggregate-level methods
are more complicated to develop but can be much more effective at predicting
behavior changes. This is because they explain individual choices rather than making
generalizations based on overall population characteristics (FHWA, 1999).

Variations on both the aggregate and disaggregate approaches can be developed and
applied as stand-alone travel demand forecasting methods, appropriate for specific
purposes. Alternatively, a set of methods can be applied in conjunction with each
other to create a larger modeling framework.

Traditional Four-Step Modeling Process

The four-step urban transportation modeling system (UTMS), first developed in the
1950s to forecast automobile travel and now applied in urban areas throughout the
world is an example of such a framework. To predict how travel patterns will change
as a result of future changes in land use patterns and the transportation system, this
framework integrates models of various aspects of travel behavior (e.g., trip-making
or mode choice) with spatial information on land use patterns and the transportation
network (Weiner, 1997).

The traditional four-step travel demand model includes trip generation, trip
distribution, mode choice, and trip assignment. These four stages address the
corresponding questions: how many trips will be made (generation), where are trips
coming from and going to (distribution), what mode will they use (mode choice), and
what route will they choose (assignment). The UTMS uses traffic analysis zones
(TAZs), which typically correspond to census boundaries (e.g. block, block group, or
tract) and a network of transportation facilities (e.g. roadways, transit routes)
connecting the zones.

While the traditional four-step travel demand model is the most universally
accepted modeling process used throughout the world very few urban areas actually
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use or have the capabilities to forecast non-motorized demand using these models.
This is largely because factors that could influence the decision to walk or bike are
not usually included in the traditional four-step model process. Standard travel
demand modeling procedures generally predict total trip-making and mode choice
based on a limited number of variables, such as household characteristics and the time
and cost of competing modes. However, these factors only partially explain the
decision to walk or bicycle (FHWA, 1999).

Factors Influencing Non-Motorized Travel

Development of non-motorized travel forecasting methods requires consideration of
a range of factors specific to non-motorized modes. From an individual perspective,
personal factors, environmental factors, and trip characteristics interact to determine
whether a trip is made by foot, bike, or other mode. The specific factors are unique to
walking and to bicycling (Weiner, 1997).

Past studies of non-motorized transportation collectively identify a broad range of
factors that influence the level of non-motorized travel. These factors include:

e Perceptions and Attitudes - safety, convenience, time, cost, and cultural
awareness/support

e Socioeconomic and Demographic Characteristics - age, sex, race, and income

e Trip Characteristics — trip distance, travel conditions, presence and quality of
sidewalk and bikeway facilities

e Environment — land use and land use patterns, connectivity, attractions, street
layout and design features, weather, and topography

A common theme that runs through each of these factors and is continually
mentioned in research is distance. Distance is identified by both walkers and cyclists
as the major disincentive to walk or bicycle more frequently (FHWA, 1992). Despite
this understanding, little actual advancement has been made in refining non-
motorized demand modeling approaches to better account for factors associated with
distance.

Methods for Modeling Non-Motorized Demand

The Guidebook on Methods to Estimate Non-Motorized Travel published in 1999 is
widely referenced when it comes to understanding methods of quantifying and
forecasting non-motorized travel demand. The Guidebook presents eleven types of
quantitative methods that can be used to forecast non-motorized travel demand or that
otherwise support the prioritization and analysis of non-motorized projects. Table 1
describes those methods that derive quantitative estimates of demand:
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Method Description

Comparison Studies Methods that predict non-motorized travel on a facility by
comparing it to usage and to surrounding population and
land use characteristics of other similar facilities.

Aggregate Behavior Methods that relate non-motorized travel in an area to its
Studies local population, land use, and other characteristics,
usually through regression analysis.

Sketch Plan Methods Methods that predict non-motorized travel on a facility or
in an area based on simple calculations and rules of
thumb about trip lengths, mode shares, and other aspects
of travel behavior.

Discrete Choice Models | Models that predict an individual's travel decisions based
on characteristics of the alternatives available to them.

Regional Travel Models | Models that predict total trips by trip purpose, mode, and
origin/destination and distribute these trips across a
network of transportation facilities, based on land use
characteristics such as population and employment and on
characteristics of the transportation network.

Table 1 - General Types of Quantitative Estimations of Demand (FHWA, 1999)

The Trip Model includes both aggregate behavior and sketch plan methods.
Portions of this can be seen in the Trip Model through its use of population,
household, and land use data as well as its use of calculations associated with trip
lengths, and travel behavior. The Trip Model also emulates aspects of a regional
travel model in the sense that total trips by trip purpose and mode are derived and the
fact that origins and destinations are a major driver in the probability of a trip. The
only aspect the Trip Model does not achieve at this time is assignment in the context
of a four-step modeling process.

THE PARCEL-BASED APPROACH

Current practice generally makes trip predictions over a relatively large area, the
TAZ being typical. Since most bicycle trips are less than three miles and most
walking trips are less than one-quarter mile, the accuracy of even homogenous TAZ-
based estimation may be compromised where TAZs are any larger than
approximately one-quarter square mile (160 acres). Conducting analysis at the
smallest possible land unit, the individual parcel, represents a major step forward in
demand estimating because it most closely approximates an individual’s decision in
making a non-motorized trip.
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The Trip Model was developed to use each parcel’s demographic information and
proximity to other land uses to predict how many walking and/or cycling trips a
parcel will likely generate. The generation rate takes the general form of the equation:

n k
Ta= z pr(z thIt)
p=1

t=1

Where Ta = Number of non-motorized trips within study area
H, = Number of households in the parcel'
F; = Unique function multiplier by trip type
I; = Distance impedance multiplier by trip type
n = Number of parcels in the study area
k = Number of trip types analyzed

The estimated number of daily trips in this procedure, then, depends on the number
of households within the parcel, the type of trip being made, and the distance from the
origin to the destination land use.

IMPACTS OF TRIP TYPES AND DISTANCES

The National Household Travel Survey (NHTS) provides the most comprehensive
national-scale, non-motorized trip data. This data set is the basis for much of the trip
type and distance impedance factoring used by the Trip Model. The Trip Model
analyzes eight different walk trip types and five different bike trip types based on
NHTS data and other sources (US Census, ITE, etc.) to establish total walking and
biking trip demand. A unique function multiplier was developed from these data
sources for each trip type to describe the trip making characteristics of each. For
example, the employment density within a walkable area surrounding a parcel is used
to estimate the likelihood of walk to work trips from that parcel. The trip types are:
walk to school, walk to work, walk to recreation, walk to shop, walk to errand, walk
to transit, walk from transit, walk from parking, bike to school, bike to work, bike to
recreation, bike to shop, and bike to errand.

In addition to the propensity of different trip types to generate varying numbers of
non-motorized trips, the inverse relationship between the distance separating the
origin and destination and the probability of making a non-motorized trip is critical.
The distance impedance factor is determined as a polynomial function describing the
decreasing probability of making a walk or bike trip as the distance of the desired trip
increases. Walking trips have different impedance factors than biking trips and both
are shown for selected trip types in Figure 1.

' Generally households are used, but some trip types, such as walk to errand, do not consider
households as the trip origin. Other factors are used as trip origins for these trip types.
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Figure 1 - Distance-Impedance Curves for
Selected Trip Types

A characteristic to note is that no trip type was found to have zero impedance (the
trendline does not intersect the y-axis at 1.0) no matter how close the origin and
destination. Also of interest is the fact that only under rare conditions was the
impedance of a trip by bicycle lower than that of a trip by walking. This corresponds
to research explaining the significant level of complexity in choosing to bicycle over
that of choosing to walk (FHWA, 1992).

APPLICATIONS AND LIMITATIONS

Data Requirements

Analyzing non-motorized trip demand on the parcel level presents new data
requirements, though none are exceptionally specialized. Having the per-parcel data
shown in Table 2 allows estimation of all 13 trip types. Most urban area planning
departments will already have these data, or they can be produced relatively easily. A
standard GIS platform will produce the Trip Model, though computing times for
larger data sets (>250,000 parcels) may be slower than desirable. The computing time
limitation was found to currently restrict non-motorized travel as an effective MOE in
large-area land use scenario planning.
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Data Required for Data Required for

8 Walking Trip Types S Bicycle Trip Types
No. of households per parcel No. of households per parcel
No. of employees per parcel No. of employees per parcel
No. of employees within 1.5 miles of No. of employees within 3 miles of
parcel parcel
No. of parking spaces (major lots or Distance to the nearest recreational
garages) space
Distance to the nearest recreational space | Distance to the nearest retail area
Distance to the nearest retail area Distance to the nearest school
Distance to the nearest school
Distance to the nearest transit stop

Table 2 - Data Requirements of the Trip Model

Trip Model Assumptions

Perhaps the most significant assumption of the Trip Model is that the quality and
presence of the facilities required to make the walking or biking trip are assumed to
be ideal. This includes uninterrupted connectivity of facilities at regular intervals that
are in good condition. This assumption may be close to the actual conditions in urban
downtown settings, but is far from the reality in many suburban and rural areas. This
is not necessarily problematic, however, once it is understood that this method
assumes perfect non-motorized travel conditions and connectivity. In fact, idealizing
all networks can be an advantage to practitioners analyzing the potential use of new
facilities that are to be provided.

The Trip Model assumes that all trip type land uses are equivalent as is the travel
population. The accuracy of the Trip Model, however, can increase with the quality of
the land use and demographic data available. For instance, research relating
pedestrian rates to low-income areas could be used to better predict non-motorized
travel demand in specific low-income neighborhoods.

Variable Reporting

Aside from an increased level of detail, estimating generated trips at a parcel level
allows flexibility in reporting walking and cycling trips. Trips can be reported on the
parcel level, but were found to be more useful and meaningful when reported by
larger areas such as blocks or neighborhoods. Trips can also be aggregated to a street
network to allow a roadway segment analysis of non-motorized trips.

SUMMARY

The desire for non-motorized travel facilities continues to increase, though, in all
but the most major urban areas, bicycle and pedestrian travel is not having an
appreciable effect on congestion levels or other traditional measures of transportation
efficiency. An incrementally adjusted UTMS process which was developed in the
1950s for vehicular travel has severe limitations when used to estimate walking and
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biking demand. While more work is needed, the development and use of the Trip
Model procedure has shown that a fine-grained, parcel-based analysis of non-
motorized trips is possible and such an approach represents improvements to the
demand modeling practice.
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'‘Regional Trail Spines and Bikeway Networks
A Priority Strategy for Greening Streets and Highways'

By Spencer Finch, Director, Pennsylvania Environmental Council; Marc Morfei, Pennoni
Associates

Introduction

Transportation investments in America throughout history have come at many different
scales and from varying funding sources. Over time, investments have varied from public to
private sources and back: From the private investments in construction of tolled
“turnpikes” to connect the original 13 colonies; to a shift to public investment in the mid-
19" century, best exemplified by Abraham Lincoln’s support for “internal Improvements”
early in his political career and for railroad construction subsidies later'; from private
investments in streetcars and streetcar suburbs in the turn of the 20™ century; to the
Eisenhower-era public investment in the national interstate highway system.

Today, America is again trying to decide how best to fund repairs to its aging transportation
infrastructure and what kinds of innovations will be needed in the 21* Century. The
American Society of Civil Engineers reports every year on the state of American
infrastructure. The assessment is poor. In 2009, America’s best ranking stood at a “C plus”
for Solid Waste facilities, while Drinking Water, Inland Waterways, Levees, Roads, and

Wastewater infrastructure all stood at the opposite end, each with a “D minus”?.

The State of Our Roadways

What these grades reflect is the sorry state of repair and maintenance of critical pieces of
public infrastructure. For America’s roadways, for example, the ASCE (and many other
professionals in the field) sees safety, congestion and wear and tear on the infrastructure as
the major issues that need to be addressed. On safety, the latest statistics (from 2007)
showed that over 41,000 people died and nearly 2.5 million were injured that year, costing
the US over $230 billion, or $819 per taxpayer in medical costs, lost productivity, travel
delays, workplace costs, insurance costs, and legal costs.

On congestion, the average daily percentage of vehicle miles traveled (VMT) under
congested conditions rose from 25.9% in 1995 to 31.6% in 2004, with congestion in large
urban areas exceeding 40%. Americans spent 4.2 billion hours a year stuck in traffic at a
cost of $78.2 billion a year in wasted time and fuel costs--$710 per motorist. And as a result

! Emerson, Jason. “Abraham Lincoln as a Defender of Improved Transportation”, Defense
Transportation Journal, Feb 1, 2009. http://www.allbusiness.com/government/government-bodies-
offices-regional-local/11808853-1.html

2 ASCE 2009 Report Card for America’s Infrastructure, http://www.infrastructurereportcard.org
®Same as above, Roadways section. http://www.infrastructurereportcard.org/fact-sheet/roads
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of increased congestion, total fuel wasted climbed from 1.7 billion gallons in 1995 to 2.9
billion gallons in 2005.

On state of good repair, while percentage of VMT occurring on roads classified as having
“good” ride quality has steadily improved, the percentage of “acceptable” ride quality
steadily declined from 86.6% in 1995 to 84.9% in 2004, with the lowest acceptable ride
quality found among urbanized roads at 72.4%. The 2007 I-35 Mississippi River Bridge
collapse in Minneapolis was just an indicator of what can happen when investments in
monitoring and maintenance of infrastructure do not occur.

Though the NTSB investigation® of this collapse eventually concluded that a combination of
design flaws (design of gusset plates) and construction flaws (possible mistakes in
constructing these plates) had probably been major contributors to the disaster, the lack of
a maintenance program that “saw the big picture” was one also of the lessons learned
during the investigation. In other words, the gusset plates were undersized for the
structural requirements the bridge was going to see throughout its design life (a design or
construction flaw), but the maintenance procedures also missed these major issues that
added to the level of risk and eventually led to the collapse:

e Regular maintenance and repaving of the bridge roadway added at least 20 percent
additional dead load on the structure, and the long time span of these additions
were not flagged by the regular maintenance and management procedures for the
structure

e The bridge was being repaved again during the collapse, and significant amounts of
heavy construction equipment and materials were on the bridge, increasing the
dead loads even more, probably beyond design capacity

e No regular inspections of the bridge safety features were performed, beyond
periodic corrosion analysis

Approximately 75,000 other bridges in America had the same classification as the [-35
bridge at the time of the collapse, “Structurally Deficient”. The ASCE estimated that $930
billion per year would be required to keep America’s roads and bridges in a state of good
repair. With current estimated expenditures of $380.5 billion, a $549.5 billion gap remains
between what is needed and what might be available at current spending levels’.

State of Our Funding

Pennsylvania is known as the “Keystone State”, and in transportation that designation
carries even more weight. As an example, approximately ten percent of national rail freight

* National Transportation Safety Board, Collapse of I-35W Bridge, Minneapolis, Minnesota, August 1,
2007-Accident Report. http://www.ntsb.gov/publictn/2008/HAR0803.pdf
> Same as footnote 3.
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traffic passes thru the state every year, and its fifth-largest network is an indispensable link
between the Northeast, the South, and the Midwest of the countrye.

Being a keystone does not in itself guarantee the quality and permanence of the network.
In 2005, Governor Rendell created a Transportation Reform Commission specifically to
address the then-latest crisis in state transportation funding’.

For highways and bridges, the state’s dedicated funding sources were not keeping pace with
construction cost increases, and the Federal funding formulas were not being as beneficial
to the state as they had been in the past. Pennsylvania had more than twice the percentage
of structurally deficient bridges than the national average, and more than a third of the
21,000 miles of state-owned secondary roads were rated “poor.” Pennsylvania’s state-
owned bridges were on average 50 years old. Some preventive maintenance was being
deferred, and much of the network infrastructure was approaching an age that would
require more significant rehabilitation or replacement.

On the operating transit side, four major items created an even more acute crisis that
reached a crescendo at the end of December 2006. These factors included the loss of
federal operating funding, the reliance on limited state revenue sources, and the impact of
inflation (which resulted in operating shortfalls). In addition, the effects of these revenue
shortfalls were exacerbated by the long-term dramatic growth in costs for items such as fuel
and healthcare, and financial market conditions that reduced interest income and increased
pension costs.

On the transit capital improvement funding side, a chronic investment backlog was the
norm. Federal and state capital funding were insufficient to maintain a state-of-good-repair
for transportation assets and to invest in technology and other high return-on-investment
projects. This led to less reliable, less attractive and less efficient service, with potential
results including lower ridership, lower revenues, and higher operating costs.

The Reform Commission recommended the creation of more dedicated funding sources
(5960 million per year for highways and bridges, $576 million for transit) and the
implementation of cost saving measures at the tune of $120 million per year (including
streamlined project delivery, better asset management strategies, implementation of
intelligent transportation and transportation management strategies, public-private
partnerships, and right-sizing initiatives).

The Commission’s report led to the passage by the PA Legislature of Act 44 of 2007, which
found $750 million in annual dedicated funding for the state’s transportation system. Yet
the stability that Act 44 initially provided was short-lived. One of its main sources of funding
was to have been additional toll revenues on the state’s Federal Interstate highways. After
much wrangling, the state’s latest proposal to fill the toll revenue stream was rejected by

® American Association of Railroads, Class | Railroad Statistics.
http://www.aar.org/~/media/AAR/Industry%20Info/Statistics%202010%2004%2012.ashx

7 Pennsylvania Transportation Funding and Reform Commission, Final Report, November 2006.
ftp://ftp.dot.state.pa.us/public/pdf/TFRCReport/04FinalReportExec%20Summary.pdf



http://www.aar.org/~/media/AAR/Industry%20Info/Statistics%202010%2004%2012.ashx

Green Streets and Highways 2010 © ASCE 2011 119

the FHWA multiple times in 2009 and 2010, and thus the state saw itself in the grip of a new
annual gap of $472 million®.

In addition, the world continued to change in the five years between 2005 and 2010.
Current revenue sources are being quickly outmoded by changes in technology, vehicle
efficiency, and soaring construction material costs. At the Federal level, SAFETEA-LU (the
latest Transportation authorization bill) ran out at the end of 2009, and 2010 has seen
Federal transportation funds being allocated once again on temporary extensions of the
Transportation bill.

Finally, the world economic crisis has deeply impacted the state and Federal economies,
creating additional revenue gaps. Pennsylvania sees itself again in crisis mode, and
Governor Rendell, in his last year in office, has called up again an extraordinary Summer
Legislative Session to attempt to address the transportation funding issues, and “leave the
house at least partly in order” for his successor.

Prioritization Strategies

With the world economy still facing the effects of the global financial meltdown, engineering
professionals and policymakers must be pragmatic and face the fact that funding will
continue to be a challenge for a long time to come. Accordingly, new prioritization
strategies and innovative infrastructure funding and maintenance strategies must be tried
out. For that to happen, the current state of infrastructure planning in America must be
analyzed.

Current practice in transportation planning and management is basically guided by two main
factors — first, the long-static Federal funding formulas for transportation projects; and
second, the fragmented and mode-focused interaction of local, state and Federal
transportation officials that Metropolitan Planning Organizations (and state DOTs) across
the nation manage. Countless individual decisions from these actors concerning the
allocation of resources, such as money, road space, parking spaces, and priority in traffic
end up influencing what a typical transportation user ends up having at his/her disposal.

Current planning practices often allocate these resources inefficiently, such as devoting a
relatively small portion of transportation funds to non-motorized modes, allocating parking
on a first-come basis, and giving no priority to space-efficient modes (carpools, vanpools and
buses) in congested traffic.

Similar issues exist for other types of infrastructure — for example, water and sewage
infrastructure investments are also fragmented and do not currently have enough federal,
state and local dedicated sources of funding (in 2002, the EPA issued a report identifying a
potential 20-year funding gap for drinking water capital expenditures as well as operations

8 Pennsylvania State Transportation Advisory Committee, Transportation Funding Study, May 2010.
ftp://ftp.dot.state.pa.us/public/Bureaus/Cpdm/TAC/Transportation Funding Study May 2010 Exec
utive Summary.pdf
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and maintenance, ranging from $45 billion to $263 billion® — Congress has still not addressed
this gap). At an even more dire state, stormwater infrastructure implementation is even
more fragmented (and in some cases, nearly non-existent) and has even fewer sources of
funding.

One solution to the question of prioritization is the use of new Transportation Demand
Management strategies. Transportation prioritization explicitly allocates resources to favor
higher value trips and lower cost modes priority over lower value, higher cost trips in order
to improve overall transportation system efficiency and support strategic planning
objectives™. Some of the strategies used in TDM and TP include:

e Road Space Reallocation (such as Complete Streets, HOV lanes and creation of bike
lanes, trails, cycletracks, bikeways, and even just sidewalks — where they do not
exist)

e Design for Mobility and Accessibility (including strategies such as mobility services,
universal ADA-compliant design, and location-efficient development)

e Parking Management

e Traffic Calming

e Bus-Rapid Transit

e Pricing Strategies (Congestion Pricing, Parking Pricing, and VMT Taxes)

Another solution to the question of prioritization is to focus limited funds into projects that
will have multiple benefits in a wide range of infrastructure types. For example, the
construction of a “Complete Street” at a specific location can be prioritized if the
construction of the transportation infrastructure at that location will also address a critical
piece of recreational and/or stormwater retention infrastructure for a given community.

In the Philadelphia area, he Pennsylvania Environmental Council (PEC), the City of
Philadelphia’s Mayor’s Office of Transportation (MOT), the Philadelphia Water Department
(PWD), and Pennoni Associates have collaborated since 2006 in several projects and
initiatives that attempt to bring together these two prioritization strategies.

The Philadelphia Example — The Major Actors

Until the election of Mayor Nutter in 2008, the City of Philadelphia had for many years
lacked a dedicated focus on transportation planning. Once elected, Mayor Nutter created a
position for a Deputy Mayor for Transportation and Utilities with a dedicated staff that
would start coordinating efforts with the City Planning Commission, the City Streets

° ASCE 2009 Report Card for America’s Infrastructure, Drinking Water Section.
http://www.infrastructurereportcard.org/fact-sheet/drinking-water

1% vancouver Transport Policy Institute, TDM Encyclopedia, Prioritizing Transportation, January 26,
2010. http://www.vtpi.org/tdm/tdm110.htm
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Department, SEPTA (the regional transit agency), and other stakeholders at the local,
regional, state and federal levels.

Around the same time, the Philadelphia Water Department started research and pilot
projects that would implement a new strategy for meeting EPA and Clean Water Act
compliance requirements. The PWD is one of the nation’s oldest water and sewage
authorities, and is notable for being one of the few utilities in the nation that combine in
one entity the elements of water, sewage, and stormwater control.

The sewer system within the City is currently being utilized far beyond its capacity. Sixty
percent of the City’s land area has combined stormwater/sanitary sewers, and there are
a total of 164 combined sewer outfalls in the City of Philadelphia. These outfalls can
discharge millions of gallons of stormwater into the rivers during a rain event.

In Washington D.C., a CSO area of nearly twenty square miles and an overflow volume
of 2.5 billion gallons per year, compliance costs reached $2.65 billion. In Pittsburgh, with
a CSO area of sixty square miles and an overflow volume of fourteen billion gallons per
year cost about S3 billion. In Philadelphia, where the CSO area is sixty-four square miles,
and overflow volume reaches sixteen billion gallons per year, the cost of traditional
sewage and stormwater infrastructure investments of types similar to Washington and
Pittsburgh would likely surpass that of the other two cities.

Instead, the PWD has proposed to implement its “Clean Water, Green City” plan, with
two main strategies:

1) Shifting some of the investment onto the private sector. By properly adjusting the
stormwater billing rate and creating new infiltration requirements, the PWD has
created a financial incentive for large generators of stormwater (such as shopping
center parking lots) to invest in on-site stormwater management.

2) Leveraging PWD investments with other types of infrastructure investments — the
PWD has started coordinating its water and stormwater infrastructure investments
with multiple other agencies and stakeholders, thus hoping to leverage limited
dollars into more “bang for the buck”. For example, it is collaborating with the
Philadelphia School District in removing pavement and creating new green
infiltration areas in Philadelphia schools; and is collaborating with the MOT in
developing a new “Complete Streets Guidance Manual” that will set a new standard
for future design and maintenance of Philadelphia city streets.

The PEC is a widely-respected statewide non-profit organization that was created on the
vanguard of the creation of the EPA in 1970. It is unique because it works on both the policy
arena and in project implementation, and thus is able to utilize lessons learned in one
sphere to inform the other. The PEC works closely with the PWD in the policy arena, and
with the MOT in implementing a regional trail and bikeway network.
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Finally, Pennoni Associates is one of the leading engineering firms in the Mid-Atlantic, and
has done multiple transportation and infrastructure planning and engineering design
projects for the PEC, the PWD, and the City of Philadelphia.

The Philadelphia Example - Prioritization Strategies

On the funding side, the City of Philadelphia has little leeway. Hemmed in by the typical
Federal funding streams and by limited discretionary budgets typical of older urban centers,
the City usually has scarce funds available to match Federal funds. The PWD has an
advantage, since its water fees and independent bonding authority give them some
additional leeway in finding and allocating funding for infrastructure. Yet, coordination of
even basic infrastructure investments can be difficult. For example, timelines for street
repavement and for water and sewage pipe reconstruction rarely coincide.

Some might think that a third actor would just complicate coordination even more.
However, the PEC played an interesting role that has helped advance both the MOT’s and
the PWD’s goals.

The PEC's Southeast Regional Office in Philadelphia has hosted two separate major
programs since 2005, the Urban Stormwater Program, which provides support to PWD
policy and stakeholder and public outreach initiatives; and the Tidal Delaware Program,
which focuses on building new recreational infrastructure along the Delaware River,
including the completion of a new “Delaware River Trail” that will become a 67-mile long
link in the national East Coast Greenway. To build this trail in Philadelphia, one of the three
counties it will traverse in PA, the PEC closely collaborates with the MOT.

One of the seeds of the outside collaboration amongst the PEC, MOT, and PWD started with
conversations within the PEC on how to integrate Urban Stormwater programs goals into
the trail construction projects, and vice-versa. From that point on, PEC staff worked closely
together and with outside stakeholders to coordinate efforts.

This collaboration resulted in the completion of multiple feasibility studies for Delaware Trail
segments; preparation of multiple conceptual design studies for these segments,
incorporating innovative stormwater management structures; and finally, design and
construction of some of these segments.

From this collaboration three basic prioritization strategies were utilized:

1) First, the completion of the major spines of the regional trail network dictated the
location of the corridors where investments would take place.

2) Second, a “Complete Streets” TDM strategy was utilized to limit the costs of
construction of trail and bikeway segments. In other words, the PEC and the MOT
prioritized selection of existing public street rights-of-way over acquisition of private
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right-of-way, where feasible; thus also expediting project completion and
leveraging existing street repavement budgets.

3) Finally, the potential contribution of trail and bikeway rights-of-way to wider City
stormwater management priorities was considered at every step. In other words,
in some cases the particular location of a bikeway alignment was selected due its
potential contribution to managing stormwater for a given neighborhood; and in
every case, trail and bikeway designs incorporated innovative stormwater control
structures.

These strategies are further examined in the following three case studies.

The Philadelphia Example — Case Study: Center City Greenway Feasibility

The Center City Greenway feasibility study analyzed more than 20 potential alignments for
connecting the growing trail networks on the east and west sides of Philadelphia
(respectively, on the Delaware and Schuylkill riverfronts), across Center City Philadelphia.
The PEC retained Pennoni Associates Inc. to conduct the study, and the MOT was an active
participant in the process. Three final alighments were recommended for implementation,
one each for short-term, medium-term and long-term implementation.

Short-Term: The installation of new dedicated and buffered bike lanes on Spruce and Pine
Streets would provide a 1.5-mile long connection from river to river on the southern edge of
Center City. Implemented in the fall of 2009, these new bike lanes were implemented at
negligible cost (they used existing City repaving and restriping funds), have proven to have
little negative impact on vehicular traffic, and have proven to be a wild success for
recreational users.

Figure 1 — Installation of Spruce and Pine bike lanes, Fall 2009.
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Medium-Term: This option proposes the upgrading of existing bike lanes on Spring Garden
Street, on the northern edge of Center City, to create a linear park and greenway. While
skirting the commercial and cultural core of the downtown, this alignment benefits from a
generously wide right-of-way that permits full-fledged separated pathways for bicycles,
pedestrians, and cars, along with the possibility of ambitious sustainable storm water
practices. (For more details, see “The Next Step”, below)

Long-Term: The final and most complex suggestion was for the transformation of Market
Street, the major east-west thoroughfare along the core of Center City, into a true multi-
modal transit artery, connecting commercial, cultural, and institutional centers with a
continuous bicycle greenway serving a wide range of potential users. With this alignment,
bicycle circulation is fully woven into the fabric of the downtown, allowing maximum
connection with all other modes of circulation in the downtown.

The street is already served by subway, regional commuter rail, and local city and national
(i.e., Greyhound) bus routes. Serving the major retail and employment center of the city,
the Market Street alignment does the most to promote bicycles as a viable means of
transportation (not just recreation). Furthermore, this alighment has the potential to tap
the city’s substantial tourist market. A greenway along Market Street would connect
virtually all the major destination points in Center City, including Independence National
Historical Park and Independence Visitor’s Center, the Convention Center, and connections
beyond to the cultural attractions of the Parkway. Such an alignment would maximize the
economic development potential of the greenway, and present the City in the best possible
light to visitors and greenway users.

e
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Figure 2 - Current Market Street configuration (3 lanes eastbound, 2 lanes westbound), with City Hall
at center in background.

|II

Since Market Street sits atop a subway line and other occupied “concourse-level” spaces,
the potential to infiltrate storm water is limited compared to other options. However, the
potential appeal to the widest possible range of bicycle users makes this a highly intriguing

option.
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Figure 3 - Plan view of proposed Market Street reconfiguration.
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Figure 4 - Cross-section of proposed Market Street reconfiguration.
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Figure 5 — Short-, Middle-, and Long-Term Proposals for Center City Greenway

Blue Lines — Current City of Philadelphia bike lane system (note that most existing lanes are on the
perimeter of the downtown business district and thus provide little connectivity)

Blue Circles — At-grade connections with Schuylkill River Trail (on west side of Center City) and
Delaware River Trail (on east side of Center City)

Blue Dashed Ovals — Ramp / graded connections with Schuylkill River Trail (on west side of Center
City) and Delaware River Trail (on east side of Center City)

Green Lines — Newly-installed (2009) Spruce and Pine Buffered Bike Lanes
Orange Line — Proposed upgrade of Spring Garden Street bike lanes

Red Line — Long Term proposed improvement of Market St and Ben Franklin Parkway

The Philadelphia Example — Case Study: 58" Street Greenway Construction

Currently, the City of Philadelphia has one major, nearly complete trail / greenway corridor,
the Schuylkill River Trail.  From its current terminus at Locust Street in Center City
Philadelphia, a recreational user can bike or hike up the Schuylkill River into the Valley Forge
National Park (20 miles to the northwest of the downtown), with only a few sub-mile
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segments still located on interim on-street alignments. In other words, most of the trail up
to the northwest edge of the metropolitan region is already complete.

Yet, the plan is to extend the Schuylkill River Trail south as well, changing its terminus from
Locust Street to the confluence with the Delaware River (near the Philadelphia International
Airport), and connecting with the growing network of trail along the Delaware River and the
national East Coast Greenway alighment.

A “straight shot” alignment, following the bends of the Schuylkill River down to the
confluence to the Delaware (an approximately 9-mile stretch) is the long-term goal.
However, this alignment would cross lands that are still heavily and actively used in industry
(multiple refineries and tank farms are present there, for example; as is the Philadelphia
International Airport). Acquisition and environmental concerns will push the completion of
this alighment back decades, and a less complex solution was sought to complete the
connection sooner.

The PEC completed a feasibility study'’ which identified an ingenious solution to this
problem. Just a mile or two to the west of the Schuylkill basin, a smaller basin, the Darby
and Cobbs Creeks watershed, also has a confluence with the Delaware located just a few
miles south of the Schuylkill confluence - just on the other side of the Airport. Along these
two creeks, some major trail systems, though disconnected, already exist: the Cobbs Creek
Trail extends well into Southwest Philadelphia; while at the southwestern-most corner of
the City, the last wild lands within the City boundaries were protected with the creation of
the John Heinz National Wildlife Refuge in 1972. Trails within the Heinz Refuge already
connect Southwest Philadelphia neighborhoods to the Delaware riverfront and to the next
adjoining political subdivisions, Pennsylvania’s Delaware County; and then the state of
Delaware itself.

PEC's feasibility study suggested that the most cost-effective and efficient solution would be
to build a connection from the Schuylkill River, across Southwest Philadelphia residential
neighborhoods, to the Cobbs Creek Trail; and then extend the Cobbs Creek Trail into the
Heinz Refuge. (see figure below)

The preferred alignment for the connection across Southwest Philadelphia turned out to be
58" Street. Not only was this public street corridor one of the streets with shortest distance
between the Schuylkill and the Cobbs; but also, all along the south side of the street are
located for the most part only large institutional uses such as high school baseball fields, rail
yards, shopping mall parking lots, nursing homes, and public recreation centers. In other
words, there were few driveways and doorways along this street edge, which made the
construction of an off-street trail or Shared-use path possible.

" performed by local planning firm Campbell Thomas & Co in 2008.
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Figure 6 — Alternative Alignments for connecting Center City Philadelphia to Delaware Co.

Yellow line at bottom — Long-Term Preferred alignment along Schuylkill River, down to confluence
with Delaware River at Phila Navy Yard (bottom right)

Yellow line at top — Short-Term Preferred alignment along Cobbs Creek, Darby Creek, and Heinz
Wildlife Refuge

Green line at top right — Short-Term Preferred alignment for 58" Street Greenway Connection

After an extensive stakeholder and public involvement process conducted by the PEC with
City of Philadelphia support, the final alignment and basic concept for the 58" Street
Greenway was developed®™. It basically consists of the reconstruction of the southern
sidewalk space along 58" Street, transforming a sidewalk space, previously dilapidated in
many spaces, into a continuous shared-use path with multiple pedestrian and intersection
improvements.

"2 Conceptual design was completed by Michael Baker, Inc (Horsham, PA) and Toole Design Group
(Baltimore, MD. Final design is being completed by Michael Baker, Inc.
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Figure 7 — Proposed Cross-Section for 58" Street Greenway

Following on the footsteps of models seen for the most part in Europe, but also in New York
city and Indianapolis, this new greenway corridor is currently fully funded for construction.
Once complete, it will represent not only a major connection in the regional network, but
will also have multiple other benefits.

It will incorporate innovative stormwater features, helping diminish the stormwater load on
one of the City’s top ten combined-sewer overflow sewer-sheds. It will provide a new
transportation and recreational alternative for one of the most distressed neighborhoods in
Philadelphia, connecting them to the Schuylkill River Trail, to the jobs in Center City, and to
the Historic Bartram’s Garden (the first botanical garden in the nation’s history).

Construction of this greenway is expected to start in the Spring of 2011, and is expected to
be completed by February of 2012, the deadline for one of its sources of funding, the
USDOT’s TIGER program.

The Philadelphia Example — Case Study: Benjamin Franklin Parkway Reconstruction

The Benjamin Franklin Parkway is Philadelphia’s beloved ceremonial boulevard, and its most
recognizable street. Built in the 1920’s in the Beaux Arts style, it is the city’s most profound
urban gesture to the City Beautiful movement. It is home to world-class museums and
educational institutions, and along with the historic attractions along Independence Mall is
the City’s premier tourist destination.
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As the “gateway” to Fairmount Park connecting the vast green spaces of the Park to
downtown, the Parkway is the most prominent location possible to implement Green
Streets practices. The challenge in doing so is that, despite its picturesque vistas to the Art
Museum and City Hall, the Parkway has for decades served de facto as a vehicular
“superhighway,” funneling tens of thousands of cars a day into the downtown from the
north and west. While one clear goal of the reconstruction is to transform the street into a
truly functional multi-modal transportation environment, the practical demands on the
street to accommodate substantial volumes of vehicular traffic were overpowering.

The divided boulevard carries five travel lanes in each direction. Extensive traffic analysis
and modeling demonstrated that the peak capacity was only used during a short 2-3 hour
span of time during rush hour. Traffic volume for other parts of the day is far below
available roadway capacity. Essentially, the 10-lane wide roadway was designed for busy
rush hour traffic. The rest of the day it is a sea of empty asphalt.

Through intense negotiation with the city Streets Department and Mayor’s Office of
Transportation, it was determined that a series of traffic improvements could be made to
allow the elimination of one vehicular travel lane in each direction. A number of small
interventions were designed to increase the efficiency of traffic movement to compensate
for the loss of capacity. For instance, certain turning movements onto the Parkway will be
restricted, decreasing traffic volume and presenting the added benefit of increasing the
protected pedestrian crossing phase of certain traffic signals. Thus the lane reduction is
predicted to have relatively little impact on vehicular traffic flow.

This newly “found” space within the right-of-way will be utilized for a range of
improvements to improve the multi-modal functionality and overall sustainability of the
Parkway landscape:

e Bicycle lanes will be added, forming a bicycle connection between Center City
Philadelphia and the cultural institutions along the Parkway, and with the existing
regional bicycle greenway system along the Schuylkill River just beyond the
Parkway.

e Maedians dividing the boulevard will be widened, to further distinguish the “express”
lanes in the roadway center from the “local” lanes at its edge.

e Traffic calming strategies will be employed for the outer lanes, to improve the safety
and comfort of pedestrians and bicyclists.

e Pedestrian crossing distances will be reduced by strategically-placed curb bump-
outs and refuge islands, which along with adjusted signal timings will greatly
improve the safety of pedestrians crossing the wide center roadway lanes.

e Storm water infiltration facilities will be placed at strategic locations, to divert a
substantial amount of storm water runoff away from the storm sewer system.
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The result is expected to be perhaps the city’s most Complete Street, with generous space
devoted separately for pedestrians, bicycles, and cars, in a healthy tree-lined environment.
It won’t be long for the public to judge the success of the scheme for themselves.
Construction is set to begin in the fall of 2010, and be completed in 2011.

The Philadelphia Example — The Next Step: Spring Garden Street Greenway

The Spring Garden Street Greenway (SGSG) will transform a 2.2 mile-long east-west artery in
Center City Philadelphia into a linear park, a green street, and a high-quality walking and
biking trail separate from traffic lanes. Spring Garden Street was chosen as the main
connection in Philadelphia because it has sufficiently wide right-of-way available for a
separate "bikeway" along the street. In keeping with East Coast Greenway, Fairmount Park,
and PWD "Green Street" guidelines, a modified streetscape with trees and plants will
provide cutting-edge open-space opportunities and will help manage stormwater runoff.

The SGSG will provide an attractive and direct link for cyclists through Center City. The
SGSG will also serve as a valuable public amenity to help ameliorate the current abandon
properties, vacant lots, dangerous street intersections, and lack of connections to other
routes and destinations in the city. By providing safe and attractive facilities for residents
and visitors to walk, jog, and bike in their own neighborhood, this project will improve the
quality of life for the community, as the connections between outdoor recreation, healthy
lifestyles and economic benefits are realized.

When completed, the SGSG could make Greater Philadelphia's commitment to developing
multi-use trails a national model, especially for large cities that want to:

e Utilize relatively small transportation investments to leverage significantly higher
environmental and recreational benefits,

e Provide recreational opportunities to a diverse population,

e Leverage small projects into large national initiatives, such as the East Coast
Greenway

e Manage stormwater more sustainably,

e Create opportunities for local economic development, and

e Promote healthy lifestyle choices.

The approach is to implement sustainable storm water management practices along with a
high-quality bicycle greenway, as part of an overall Green Streets philosophy.

The existing street is sloped toward the outside curbs. The tactic is to collect storm water
along the curb line from the impervious areas of the street and sidewalk, through a variety
of interventions, to encourage infiltration and to create underground storage to allow for a
controlled release into the sewer system.
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Figures 8 and 9, below, show a prototypical plan and cross section view of the proposed

new “green street”. While a variety of configurations are possible, this sample configuration
is one which achieves the project goals.

To garner the additional space for widened bike lanes, the two travel lanes, each currently
at 12 feet in width, would be narrowed to 10 feet each. This additional 4 feet could be used
to widen the existing bike lane from 5 ft to 6 ft, and create an additional 3-foot wide buffer.
The buffer area could be pavement and traversable by car but still create the separation
necessary to increase safety and create a buffer for parked-car and bike interactions. Bump-
outs at the intersections would create an additional safety and greening feature.
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The buffer strip is designed to be permeable, such as cobbles or other unit paving materials
set with void spaces to allow water infiltration. Similarly, the bicycle lane itself could be
constructed of permeable paving (permeable asphalt, permeable concrete, and unit pavers
are all materials worth consideration) to allow infiltration. Beneath both the buffer strip
and bike lane can be a gravel basin to capture the drainage and store it so that time
available for infiltration is maximized.

On the sidewalk side of the curb, rain gardens can be created to collect water from the
sidewalk and building downspouts as well as water from the street that exceeds the
infiltration rate of the pervious paving. Curb bump-outs created to buffer the bicycle lane
can also be designed as rain gardens to collect storm water. These rain gardens — planted
with appropriate plantings — along with enhanced street tree plantings, will add greatly to
the aesthetic value of the street. Additionally, judicious street tree plantings can enhance
the street’s shade canopy, improving the micro-climate for pedestrians and cyclists, and
mitigating the urban heat-island effect that is so prevalent in the dense (and largely
impervious) urban center.

Since streets and sidewalks within Center City are almost entirely impervious paved
surfaces, these rights-of-way are exempt for storm water regulations enforced by the
Philadelphia Water Department (PWD) for development projects. However, as a high-
profile demonstration project in the city, Spring Garden Street can be designed to meet the
standard PWD requirements while at the same time satisfying the goals for multi-modal
circulation.

PWD requirements essentially call for on-site storage of 1” of storm water measured over a
site’s total impervious area. For Spring Garden Street, this total volume would require
approximately 9600 cubic feet of storage area for each typical block. This would be the
equivalent of an underground gravel basin 6’ wide x 2’ deep along the length of each curb
line.

As shown in Figure 9, this volume is achievable by constructing basins beneath the areas of
permeable paving and rain gardens. In this way, in will be possible to demonstrate that the
relatively new requirements enforced for site development can also be met for green
streets — in other words, street right-of-way projects can provide substantial benefit to the
storm water system city-wide. (Initially on a case-by-case, model basis — but then hopefully
with greater positive impact as more and more green streets are built)

Conclusion

Transportation investments have come at times from public, at times from private sources
throughout American history. At this time of tight financial resources, new prioritization
and leveraging strategies have to be implemented to make projects feasible.
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Philadelphia has provided an unlikely leadership in this arena, achieved by collaboration
amongst multiple government agencies and non-profit organizations, including the MOT,
the PWD, and the PEC. By trial and error and experimentation, these collaborative efforts
have achieved real on-the-ground successes — such as the projected expansion of the East
Coast Greenway in PA from less than 5 miles in 2007 to over 20 miles projected to be
completed by the end of 2012; and the attainment of regional water quality goals, at lower
levels of public investment.

Three new prioritization criteria have helped guide these successes so far:

1) Complete the major spines of the regional trail network

2) Utilize a “Complete Streets” TDM strategy, limit ROW acquisition, and leverage
existing maintenance funding to upgrade existing facilities.

3) Leverage stormwater management funds and goals to create synergies with other
funding sources.

These criteria can be utilized by other cities, regions, and states across the nation; and can
help solve some of the largest infrastructure challenges America faces in the 21° Century.
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Center City Greenway Feasibility Study, by Pennoni Associates for Pennsylvania
Environmental Council, 2009.

Alternative Alignments Study for the East Coast Greenway from Bartram’s Garden
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ABSTRACT

Conventional thinking among transportation engineers in the U.S. finds a
linear correlation between the number of bicyclists on a roadway and the number of
crashes involving bicyclists. However, studies from Europe have found that with
increased ridership comes increased safety in the form of a reduction in the number of
crashes per cyclist. Our study examines whether these trends can also be found in the
U.S., to what extent does this hypothesis hold, and what other factors might be
playing a role in the results. We conducted this research in Boulder, Colorado using
estimates of average cyclists per day based on turning movement counts on corridors
with both high and low bicycle traffic and related that to five years of bicyclist crash
data. The data suggest that while bicycle crashes do seem to increase with motor-
vehicle volumes, bicycle crashes tend to stay constant — or even decrease — with
increased bicycle volumes.

INTRODUCTION

Even though bicycles and automobiles have been intermingling on our roads
for over a century, transportation engineers still have yet to develop a complete
understanding of how these two modes interact with respect to crashes. Conventional
wisdom tends to assume that bicycle crashes occur at a rate proportional to the
volume of bicyclists, the volume of motorists, or some combination of the two.
While this line of thinking seems reasonable, a few studies are beginning to make the
case that the bicycle/automobile crash relationship is not as simple as it seems.

Jacobsen, examining national safety records from a number of European
countries, found that bicyclist fatalities tended to decrease as the amount of bicycling
increased (Jacobsen, 2003). At the city scale, an investigation of California cities by
Marshall and Garrick found that higher bicycling cities show a much lower risk of
fatal crashes for all road users including bicyclists; while Jacobsen, who also studied
cities in California as well as the Netherlands, found that bicycle and pedestrian
injuries decrease with increased biking (Marshall & Garrick, 2010; Jacobsen, 2003).
Lastly at the intersection level, Ekman found that the individual risk to a bicyclist
decreases dramatically with bicycle volumes greater than 50 cyclists per hour
(Ekman, 1996). One limitation regarding the transferability of Ekman’s results is that
this is one of the only studies of its kind at this level of geography while another
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concern for researchers and policymakers in the U.S. is that this study took place in
Malmo, Sweden.

So the research question at hand is whether we can find a similar bicyclist
safety in numbers phenomenon at the intersection level of geography in a U.S. city.
Such a result, in terms of the possibility that the risk to an individual bicyclist
diminishes with greater bicycle volumes, could have far-reaching implications in
terms of transportation infrastructure, bicycle facility design, and bicycle safety
interventions. For example, if — as Ekman found in Sweden — the number of
bicyclists on a facility is of greater importance to safety than the facility type or
equipment used, then focusing on policies and infrastructure that better accommodate
more bicyclists and a greater variety of bicyclist types can help influence a self-
reinforcing cycle that improves overall bicycle safety. Hence, this study will examine
whether the same conclusions can be made for intersections in a U.S. city, Boulder,
Colorado, which with its high bicycle mode share was selected in order to meet the
baseline conditions for bicycle volumes established by Ekman. With five years of
crash data for 92 intersections, this research expands upon the small but growing
body of literature on what could be valuable knowledge in building ourselves safer
and more sustainable cities.

LITERATURE REVIEW

While some studies of bicycle safety have been conducted to understand if
bicyclists are safer in numbers, the majority are European studies. Lars Ekman first
found a non-linear relationship between bicyclist safety and bicycle volume in 1996.
In a study of 95 intersections in Malmd, Sweden, Ekman found that for bicyclist
volumes greater than 50 cyclists per hour, safety per cyclist increases dramatically
due to changes in driver behavior (Ekman, 1996). He also looked at the relationship
of bicycle crashes per cyclist to motor-vehicle flow and found that this relationship
was not as strong as the relationship with bicycle flow. Following Ekman’s study,
Leden et al. investigated 45 intersections in Gothenberg, Sweden before and after
bicycle crossings became raised crossings. He found that the improved bicycle
facilities had attracted about 50% more cyclists compared to intersections that did not
change. By plotting relative risk (reported crashes per bicyclist) versus bicycle flow
per hour, Leden found that increases in flow decreased the relative risk per cyclist.
For example, a 50% increase in flow would decrease relative risk by 24% even
though the total number of bicycle-related crashes would increase by 14% (Leden,
2000).

Seeing the strong correlation of bicycle-related crashes to bicycle flow from
Ekman and Leden’s work, Jacobsen examined bicycle and pedestrian data sets from
68 California cities, 47 Danish towns, and 14 European countries. For each dataset,
he hypothesized an exponential relationship between crashes and exposure. Using
least squares analysis, he found that crashes are related to exposure with exponential
growth rates from 0.6 to -2. This indicates that the growth in injuries with exposure is
less than linear and in some cases negative. In other words, while injuries may
decrease with increased bicycling and walking in some cases, this trend was mainly
found in the European data (Jacobsen, 2003). Studies such as Jacobsen’s seem to
indicate that bicyclists in the U.S. may also experience similar improvements in
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safety, but these trends are not nearly as well established for North American
conditions as for European. One major issue is that such studies are largely
impossible in most U.S. cities because bicycle flow rarely exceeds 50 bicyclists per
hour, the point at which Ekman found an overwhelming increase in safety.
Fortunately, some U.S. cities do in fact find such conditions.

STUDY OVERVIEW

The research agenda of this project required us to select a study site with a
critical mass of bicyclists approaching 50 bicyclists per hour, as discussed in the
literature review and matching the threshold for safety implications found by Ekman.
With one of the highest bicycle mode shares of any city in the U.S. at roughly 10%
and a history of counting bicycles using turning movement counts as well as
automated inductive-loop detectors, Boulder, Colorado is one of the few cities in the
U.S. that satisfies this condition with count data (US Census, 2009; City of Boulder,
2010; Lewin, 2005). Boulder also has an extensive database of bicycle and
pedestrian crashes that can be used to examine roadway safety by facility type (Gill,
2007).

Boulder, a city of approximately 100,000 people, is located about 30 miles
northwest of Denver at the edge of the Rocky Mountains. Boulder is home to the
University of Colorado whose 30,000 students swell the city population in fall and
spring. Boulder is well known for its grade-separated bicycle and pedestrian paths,
which are integrated into a network of bicycle lanes and on-street bicycle routes. The
city is one of three cities in the U.S. to receive the League of American Bicyclists’
Platinum Bicycle Friendly Community Award (League of American Bicyclists,
2010).

DATA

The research team combined data from multiple sources to provide a
perspective on bicycle crashes by bicycle volume not previously explored. To better
understand and analyze the data, a Geographic Information System (GIS) was
assembled from the following sources:

o The road network consisted of three layers for Boulder County: highways,
county roads, and local roads. The streams water feature layer was also
included as a reference.

o The crash database and intersection coordinates were collected from Jacobs
Engineering who had been contracted to perform a study for the Colorado
Department of Transportation (CDOT) where five years of pedestrian and
bicycle accident reports for the city of Boulder from 2001 through 2005 had
been condensed into a single database (Gill, 2007).

o Turning movement counts for motor vehicles, bicycles, and pedestrians were
gather from the city of Boulder through both electronic and hard copy records
and assembled by the research team.

Though the original CDOT crash database included both pedestrian and
bicycle crashes, only crashes involving bicycles were examined for this study. There
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were 502 such records in the database. Each record located the crash by intersection
name and each intersection was located by coordinates. The database included 283
locations. This study focused on intersection crashes and excluded mid-block
crashes. Crashes located at intersections where turning movement counts were not
readily available were excluded from the study. Overall, 247 bicycle-related crashes
at 92 intersections were included in this study.

ANALYSIS

After conversion of the crash database into a GIS shapefile, the crashes and
the road network shapefiles were merged and used to count the crashes at each
intersection. It was then possible to graphically represent the traffic volume and the
number of crashes on the same map, as shown in Figure 1.

Where available, the average daily traffic (ADT) and average daily bicycle
(ADB) flow were computed from the turning movement counts for each approach by
summing the total counts entering and exiting the intersection at each approach
during morning, noon, and evening peak hours and dividing by the factor 0.225 as
suggested by the city of Boulder based on an empirically derived relationship

between daily counts and peak hour turning movement counts (City of Boulder,
2010).

3
L MVPHC;
0.225

ADT =

where

i = a counting variable for the three peak hours: AM, noon, and PM

MVPHC; = total motor-vehicle peak hour count entering and exiting the
intersection per approach

On the turning movement count sheets, bicyclists were counted in two different ways.
On-street bicyclists were counted in the same manner as motor-vehicles while off-
street bicyclists using the crosswalks at intersections are thus counted in a similar
fashion to pedestrians in terms of the number of crossings at crosswalks. For this
reason, it was necessary to divide the ADB flow into two parts: on-street and off-
street bicyclists.

3 _(on—street BPHC;)

On-street ADB =

0.225
where
i = a counting variable for the three peak hours: AM, noon, and PM
\ on-street BPHC; = total on-street bicycle peak hour count entering

and exiting the intersection per approach
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13=1(off—street BPHC;)
0.225

Off-street ADB =

where

i = a counting variable for the three peak hours: AM, noon, and PM

off-street BPHC; = total off-street bicycle peak hour count crossing
the intersection at each approach

These expressions provide a way to compute the traffic flow at each approach.

Table 1 contains the following information for 20 intersections with the most
bicycle-related crashes: the number of crashes involving cyclists, motor-vehicle
traffic flow (Intersection ADT), and bicycle traffic flow (Intersection ADB flow).
For analysis purposes, it was desirable to have one traffic volume associated with
each intersection. Intersection ADT was chosen for this purpose. Intersection ADT
is composed of the total average daily traffic entering and exiting the intersection,
computed by summing the ADT for all of the intersection approaches and dividing by
two.

. YT ADT
Intersection ADT =———

where
n = the number of approaches to the intersection
ADT = the total number of motor-vehicles entering and exiting the
intersection at an approach, averaged over one day
Intersection ADT = the average daily motor-vehicle traffic entering and
exiting the intersection, averaged over one day

Similarly, Intersection ADB flow is comprised of the average daily bicycle traffic
entering an intersection, which computed by summing the on-street ADB flow for all
intersection approaches, dividing by two, and then adding the number of bicycle
crossings of the intersections at the crosswalks. Unfortunately, if a bicyclist uses
crosswalks to cross the intersection more than once, this bicyclist will be counted
multiple times, once for each time he crosses the intersection. For example, if an on-
street cyclist made a left turn, he will be counted once. If the same cyclist instead,
chooses to make a left turn by crossing using the crosswalks, he would cross at two
crosswalks and thus be counted twice. Thus, this method of computing Intersection
ADB results in some double counting, but given the format of the turning movement
count sheets, it is not possible to, at this point, determine the extent of over counting.
For now, the following expression is used to compute ADB flow:

. (on-street ADB
Intersection ADB = 2i(on-stree )

+ (of f — street ADB)

where
n = the number of approaches to the intersection
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on-street ADB = the total number of on-street bicycle traffic entering and
exiting the intersection at an approach, averaged over one
day
off-street ADB = the number of crossings of the intersection by bicyclists on
crosswalks, averaged over one day
Intersection ADB = the average daily bicycle traffic entering and exiting the
intersection, averaged over one day

Thus, Intersection ADT, as shown in Table 1 for the 20 of the intersections with the
highest number of crashes, is the total motor-vehicle traffic flowing through each
intersection while Intersection ADB is the total bicycle traffic flowing through each
intersection. The number of crashes involving bicycles was then plotted as a function
of Intersection ADT (Figure 2) and Intersection ADB (Figure 3).

Crashes per bicyclist were also plotted as a function of Intersection ADB flow
as shown in Figure 4. Crashes per bicyclist were computed by dividing the number of
crashes at an intersection during the 5-year study period by the Intersection ADB.

When linear regression was performed on these plots, the R* values for the
trend lines were all less than 0.2, indicating the limited explanatory value of such
lines; thus, the trend lines are not shown in the figures.

RESULTS

As yet, the number of data points is insufficient to determine the shape of the
relationship of bicycle-related crashes to bicycle and motor-vehicle traffic volumes
with statistical confidence. However, observation of the plotted data thus far suggests
the following:

» Bicycle-related crashes increase with motorist volumes.

» Crashes per bicyclist decrease with increasing bicycle use.

» The relationship between crashes per bicyclists and bicycle volumes is
not linear.

Though the relationship between bicycle-related crashes and volume needs
further exploration, it is interesting to see that even with limited data available, the
graph of crashes per bicyclist with bicyclist volume suggests a non-linear shape and a
decreasing trend as found by previous researchers. It is also interesting to note that
Ekman’s 50 bicyclists per hour translates roughly to approximately 1,300 bicyclists
per day using our estimation of bicycle volume. The division in this data set between
higher flow, safer bicycle facilities and lower flow facilities with more crashes may
occur around 1,000 bicyclists per day per intersection as shown in Figure 4.

CONCLUSIONS

The data presented herein suggests that bicycle flow volume is an important
factor to bicycle safety and is not likely to be linearly related to bicycle-related crash
volumes. While bicycle-related crashes do appear to increase with motor-vehicle
volumes, bicycle-related crashes may stay constant or even decrease with increasing
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bicycle volumes. Also, safety per bicyclist seems to increase with increasing bicycle
use, especially for bicycle volumes above 1,000 bicyclists per day.

As bicycle use increases and as the pendulum continues to sway toward
building more sustainable transportation options, the call to provide safe bicycle
facilities will also increase and understanding what factors are most important to
bicycle safety is key. Our data suggests that the concept of better safety of numbers
for bicyclists, which has been previously identified in various European studies, also
appears to be a noteworthy factor for a U.S. city with high bicycle use.

FUTURE RESEARCH

The bicycle flow data presented herein were for 92 of the 223 intersections in
the original database. We will enhance this story by continuing to add more bicycle
and motor-vehicle volume estimates to the GIS database and graphs. The crash data
will be aggregated by bicycle flow and analysis will be done to better understand the
relationship of safety to bicycle flow.
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Table 1. Twenty Intersections Studied with the Most Bicycle-Related Crashes

Bicycle-

Related

Crashes

(S5-year | Intersection | Intersection
Intersection Period) ADT ADB
Arapahoe AV. & 30th 11 129,013 591
Broadway & Baseline Road 10 105,296 804
Regent Dr & Colorado 8 58,027 1,200
Walnut Ave & 30th Street 8 81,493 378
FOLSOM & ARAPAHOE 7 96,249 2,133
Pearl Street & 28th Street 7 143,262 596
Arapahoe Ave & 33rd street 7 64,338 133
Baseline Road & 29th Street 7 67,600 809*
Baseline Road & 30th St 6 80,667 1,640
Regent Drive & Broadway 6 110,333 1,169
Spruce St. & Broadway 6 65,333 538
Valmont Road & 30th Street 6 111,013 538
Table Mesa Drive & Broadway 6 150,293 280
University & Broadway 5 107,276 1,973
Folsom Street & Canyon Boulevard 5 110,916 1,453
Valmont & Folsom 5 63,911 1,293
Walnut St. & 28th St. 5 99,796 462
Baseline road & 27th Way 4 114,418 1,573
Arapahoe Ave & 17th St. 4 50,667 1,147
Iris Ave & 26th Street 4 69,253 724
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Figure 1. Bicycle-Related Crashes at Intersections in Boulder, Colorado
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Abstract. Stormwater runoff from roadways is a source of surface water pollution in North
Carolina. The North Carolina Department of Transportation (NCDOT) is required to
implement stormwater BMPs in the linear environment. NCDOT has specific interest in
runoff from bridge decks, which is often discharged through drainage holes in the deck
directly to the stream below. This research focuses on retrofit stormwater BMPs for bridge
deck runoff management. Two bioretention cells and a bioswale were constructed in the
easement of a bridge deck on 1-540 at Mango Creek. One bioretention cell was adequately
sized based on current North Carolina design guidance, while the other was undersized by
one-half.- Undersized bioretention cells could often be used in retrofit situations; therefore, it
is important to understand how an undersized bioretention cell performs with respect to
hydrology and water quality. Both bioretention cells employed 0.9 m (3 ft) of fill media, and
had an internal water storage layer (IWS) of 0.6 m (2 ft). The bioswale was designed to
convey the 2-year storm event. Runoff was piped from the northbound and southbound lanes
to the bioretention cells and bioswale, respectively.

Data collection began in October 2009. Weirs and stage recorders were used to monitor
inflow to and outflow from each BMP. Flow-proportional, composite water quality samples
were obtained at the inlet and outlet of each BMP. Monitored water quality parameters
include TKN, NO,.;-N, NH,-N, TN, TP, TSS, Cu, Zn, and Pb. For small storms (those with
less than 1 in [2.5 cm] rainfall depth), flow volume reductions for the standard and
undersized bioretention cells were 50% and 27%, respectively. This shows the hydrologic
importance of sizing bioretention cells appropriately when space is available.

Average concentrations of TN (0.74 mg/L), TP (0.12 mg/L), and TSS (31 mg/L) from the
bridge decks were relatively low when compared to other highways in North Carolina.
Median effluent concentrations for the standard bioretention cell were lower than those for
the undersized bioretention cell for all nutrient forms and sediment. Pollutant loads of TN,
TP, and TSS were reduced to a much greater extent by the standard bioretention cell due to
improved volumetric runoff reductions. The bioswale had similar influent and effluent
concentrations for TN, TP, and TSS. Reductions in flow volume for the bioswale were not
observed, resulting in poor pollutant load reduction.

Keywords. Stormwater, BMPs, swales, undersized bioretention, urban runoff, bridge deck,
retrofits.
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Introduction

The North Carolina Department of Transportation (NCDOT) is required through
NPDES permits to treat stormwater runoff from its facilities across North Carolina.
NCDOT has installed many retrofit stormwater devices across North Carolina and
has researched the hydrologic and water quality function of several. While research
has and is currently being done on runoff from highways in North Carolina, no
research has been completed on runoff from bridge decks. In 2008, a total of 79,438
miles of paved highways existed in North Carolina (NCDOT 2008). The NCDOT
currently maintains 12,712 bridges, which ranks 13" in the U.S. Little is known
about stormwater discharges from bridges, which often discharges directly to surface
waters through scupper drains.

During fiscal year 2008, the North Carolina state senate passed N.C. Bill 2008-107.
Section 25.18 of this law requires the NCDOT to study the effect of bridge deck
runoff from 50 bridges dispersed throughout the three ecoregions of North Carolina.
It also mandates that NCDOT study the feasibility and effectiveness of various
stormwater best management practices (BMPs) to treat priority pollutants from bridge
decks; the results of this portion of the study are presented herein.

While runoff from highways has been studied in detail throughout the world, little
research has been completed to characterize bridge deck runoff. A study in Charlotte,
NC (Wu et al. 1998) found that an urban bridge deck had a mean runoff coefficient of
0.71. Mean total nitrogen (TN), total phosphorus (TP) and total suspended solids
(TSS) concentrations were 2.24 mg/L, 0.43 mg/L, and 283 mg/L, respectively. Mean
Cu and Pb concentrations were 24.2 pg/L and 21.0 pg/L. TN and TSS loads from the
bridge deck were substantially larger than those from two other highways in the study
(one rural and one urban).

Another bridge deck runoff study was completed in Baton Rouge, LA on an overpass
on Interstate-10 (Sansalone et al. 2005). Results showed that EMCs of TSS (138
mg/L to 561 mg/L) and COD (128 to 1440 mg/L) were greater than from untreated
wastewater in the area. Two bridge decks were studied in southeastern China (Gan et
al. 2007). TN from the bridges was extremely elevated, with mean concentrations of
7.32 mg/L and 4.81 mg/L. Mean TP concentrations were 0.39 mg/L and 0.18 mg/L;
mean TSS concentrations were 138 mg/L and 416 mg/L.

Yousef et al (1984) studied two bridge decks in central Florida; bridge deck runoff
was shown to have elevated heavy metals concentrations when compared to nearby
surface water bodies. Marsalek et al. (1997) contend that uncontrolled discharges
from bridge decks could substantially impact receiving water bodies, and that
stormwater BMPs are needed to remediate these discharges. Two BMPs that have
shown promise for stormwater treatment are bioretention and swales.

Bioretention performance has been evaluated both in the laboratory and in the field
(Kim et al. 2003; Hsieh and Davis, 2005; Davis et al. 2006; Dietz and Clausen 2006;
Hunt et al. 2006; Davis 2007; Hsieh et al. 2007; Hunt et al. 2008; Li et al. 2009).
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Research shows that effluent concentrations of TN, TP, TSS, hydrocarbons, and
heavy metals are low in comparison to other stormwater BMPs. Also, bioretention
can effectively mitigate peak flow rates and volumes through exfiltration of
stormwater to the in situ soil. For these reasons, bioretention has become one of the
most popular BMPs for new construction and in retrofit applications. Pollutant
removal and hydrologic improvements from bioretention studies are presented in
Table 1. To date, no research has been completed on undersized bioretention cells,
which have the potential for widespread use in retrofit applications.

Table 1. Pollutant removal and hydrologic mitigation from
bioretention studies in the mid-Atlantic region.

TN Removal
Load Influent Effluent
Site Location Reduction | Concentration Concentration Reference
(%) (mg/L) (mg/L)
Louisburg, NC 65 1.7 1.25 Li et al. (2009)
Greensboro, NC 40 1.35 4.38 Hunt et al. (2006)
Charlotte, NC N/A 1.68 1.14 Hunt et al. (2008)
Graham, NC 56 1.66 0.76 Passeport et al. (2009)
Graham, NC 47 1.66 0.76 Passeport et al. (2009)
TP Removal
Louisburg, NC 69 0.28 0.18 Li et al. (2009)
Greensboro, NC -240 0.11 0.56 Hunt et al. (2006)
Charlotte, NC N/A 0.19 0.13 Hunt et al. (2008)
College Park, MD 79 0.61 0.15 Davis (2007)
College Park, MD 77 0.61 0.17 Davis (2007)
Graham, NC 53 0.14 0.05 Passeport et al. (2009)
Graham, NC 68 0.14 0.06 Passeport et al. (2009)
TSS Removal
Charlotte, NC N/A 49.5 20 Hunt et al. (2008)
College Park, MD 59 34 18 Davis (2007)
College Park, MD 54 34 13 Davis (2007)

A research team in Northern Sweden studied several different grassed swales
(Backstrom 2002; Backstrom 2003). They found that the swales retained significant
amounts of particulate matter during high pollutant loading events. However, when
the swales received TSS concentrations below 40 mg/L, pollutant concentrations
increased as the water moved through a dry swale. Particles smaller than 25 um were
not trapped efficiently. TSS concentrations were reduced by 79-98% in two
laboratory swales and seven field swales (Backstrom, 2003). Dissolved pollutants
did not receive any perceptible treatment. The swales studied were regarded as
facilities that even out pollutant peak loads, but were not able to consistently reduce
pollutant loads.
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Export of nitrogen and phosphorus was observed at two field tested swales in Florida
(Yousef et al. 1985; Yousef et al. 1987). While concentrations of dissolved heavy
metals decreased with increasing swale length, similar conclusions could not be made
for N and P species.

Two swales were studied along highway medians in Virginia (Kaighn and Yu 1996).
TSS concentrations were reduced by 30% and 49%, while mixed results were
observed for COD, TP, and Zn. The authors note that significant variability exists in
the swale literature, but that swale design should generally be based upon length,
cross-sectional shape, slope, design flow rate, type of vegetation, and infiltration rate
of the soil. In another field test of dry swales, Yu et al. (2001) showed that check
dams along the swale substantially improve performance for TSS and COD. Mass of
TN was reduced by 13%-24%, while TP reductions ranged from 29%-77% at four
swales in Taiwan. Kercher, Jr. et al. (1983) argue that swales are preferable to
traditional curb-gutter-pipe systems because they help to reduce pollutant loading and
they require less land area than conventional systems.

The goals of this research are threefold: (1) examine the quality and quantity of
runoff from a raised bridge deck located on I-540 in Knightdale, North Carolina; (2)
examine the impact of correctly sized and undersized bioretention cells on bridge
deck runoff; and (3) examine the impact of a bioswale on bridge deck runoft.

Methods

To determine the quality and quantity of bridge deck runoff, monitoring was
undertaken at a site in eastern Wake County, North Carolina (Figure 1). The site is
located just south of the intersection of [-540 and U.S. 64 bypass. Both the
northbound and southbound lanes of the bridge at the intersection of 1-540 and
Mango Creek are being monitored for hydrologic and water quality parameters.

I
g

5 L3 oy e i g : -" {, Betae 4
Figure 1. Location of Mango Creek research site.
Source: Googlemaps (2010).
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The bridge deck over Mango Creek is three lanes in both directions, with an
associated emergency lane (Figure 2). Each bridge deck is roughly 18.3 m (60 ft)
wide with a total area of 7,190 m* (77,400 ft*). The bridge decks have scuppers (i.c.
drainage orifices) at approximately 3.4 m (11 ft) intervals. Engineering designs were
created to route stormwater from the scuppers for a portion of the bridge deck to three
stormwater BMPs: a bioswale, a standard bioretention cell with an internal water
storage (IWS) layer (hereafter the “standard” cell), and a bioretention cell with half of
the standard surface area based upon current NC standards (hereafter the
“undersized” cell) (NC DENR 2007). The existing scuppers on both the northbound
and southbound bridge deck were retrofitted to drain to 30.5 cm (12 in) diameter
PVC pipe (Figure 3). The pipe under the southbound lanes discharged to the
bioswale. The flow from the pipe under the northbound lanes was split
proportionally, and discharged to both the small and large bioretention cells.

P s .’i ;

o e o A 2
Figure 3. Pictures of water delive

ry systems for bioretention and bioswale.

Both the standard and undersized bioretention cells were designed to be “state of the
art” with each having a 23 cm (9 in) ponding depth, a 0.9 m (3 ft) media depth, and a
0.6 m (2 ft) deep IWS layer. The engineered soil media met the current NC DENR
regulations of 85-88% sand, 8-10% silt and clay, and 3-5% organic matter (NC
DENR 2007). Both bioretention cells were vegetated with Centipede grass sod and
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had rock-lined forebays to still stormwater as it entered the cells (Figure 4). Other
selected characteristics of the two bioretention cells are presented in Table 2. The
design surface area of the undersized bioretention cell was one-half that of the
standard cell. The system storage volume (i.e. bowl storage, forebay storage, and soil
and gravel layer storage) of the undersized cell was 55.6% of the system storage
volume of the standard cell.

e IR A W DG B O el «
Figure 4. Standard (left) and undersized (right) bioretention cells at Mango Creek.

Table 2. Characteristics of standard and undersized bioretention cells.

Characteristic Standard Bioretention Cell | Undersized Bioretention Cell
Length (m) 30.5 21.6
Width (m) 6.1 4.3
Surface Area (m°) 186 93
System Storage Volume (m’) 153.8 85.6

The bioswale at the Mango Creek bridge deck was designed to treat the 2-year storm
as well as to safely convey the 10-year storm (Figure 5). A rock-lined forebay and
straw wattles were used to still flow as it entered the bioswale. The swale had a v-
shaped geometry with a 45.7 m (150 ft) length, a sinuous planform, and a 2%
longitudinal slope. The bioswale was vegetated with tall fescue sod, and then

overseedzed with 0.7 kg (1.5 Ibs) of bluegrass and 0.7 kg (1.5 Ibs) of fescue per 93 m*
(1,000 ft).
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igufe 5. Bioswale at Mango Creek.

Monitoring of hydrologic parameters was undertaken at six locations. The inlet to
both bioretention cells and the bioswale were fitted with a compound weir (Figure 6,
at left), with a 120° v-notch lower potion and a rectangular upper portion. The same
weirs were used to measure outflow from the bioretention cells inside drop inlets;
outflow rates were measured as the combination of overflow and underdrain flow. A
wooden weir box with an associated compound weir was used to measure flow rates
at the outlet of the bioswale (Figure 6, at right). ISCO 730 bubbler modules were
used to measure the depth of flow over each weir and to calculate flow rate using a
derived step-wise stage-discharge relationship, which was field verified.

Monitoring of water quality occurred at five locations: the inlet and outlet of the
bioswale, at the inlet to one bioretention cell, and at both bioretention cell outlets.
This monitoring design assumes that the stormwater entering both bioretention cells
is of similar quality. The flow volumes calculated using the bubbler-weir
combination were used by an ISCO 6712 water quality sampler to take flow-
proportional, composite samples at each sampling location. Water quality samples
were taken to a lab on ice within 24 hours of the end of rainfall, and were analyzed
within standard holding times. Samples were analyzed for total Kjeldahl nitrogen
(TKN), nitrate-nitrite nitrogen (NO,.3-N), total nitrogen (TN), ammonium nitrogen
(NHy,), total phosphorus (TP) and total suspended solids (TSS). Samples were also
analyzed for copper (Cu), zinc (Zn), and lead (Pb).
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Figure 6. Monitoring installation at inle (left) and outlet (right) of bioswale

Results and Discussion

Data collection began in October 2009, and will continue through December 2010.
To date, 12, 9, and 12 storms have been collected for nutrient and TSS analysis at the
standard bioretention cell, the undersized bioretention cell, and the bioswale,
respectively. A summary of rainfall depths for sampled storm events at each of the
three BMPs is presented in Table 3.

Table 3. Summary of rainfall for sampled storm events.

Date Rainfall Standar_d Updersiz_ed Bioswale
Sampled Depth Bioretention | Bioretention Sample
(cm) Sample Sample
11/2/2009 2.57 %] ™M
11/13/2009 | 10.77 M ™M
11/20/2009 1.09 M 4|
11/24/2009 1.32 %] 4| 4|
12/4/2009 3.58 M 4| 4|
12/7/2009 1.07 4| 4|
12/10/2009 4.01 %] 4| 4|
12/14/2009 0.68 4|
1/18/2010 3.58 %] 4| 4|
1/23/2010 2.46 %] 4| 4|
1/26/2010 2.06 %] 4| 4|
2/10/2010 0.66 4| 4|
2/23/2010 0.58 4|
3/3/2010 1.32 %] 4| 4|
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Bioretention Results

Nutrients

Bioretention has been shown to be an effective tool for reducing nutrient
concentrations from urban stormwater. However, no data exists for undersized

bioretention cells. Effluent concentrations for the standard and undersized
bioretention cells are presented in Table 4.

Table 4. Median nutrient concentrations for the bioretention cells at Mango Creek.

Median Concentration (mg/L)
Sampling Location | TKN NO,.;-N TN NH4N TP TSS
Bioretention Inlet 0.34 0.24 0.66 0.11 0.07 20

Standard

Bioretention Outlet 0.21 0.10 0.23 0.03 0.07 7

Undersized

Bioretention Outlet 0.26 0.16 0.45 0.05 0.08 13

For all nutrient forms and TSS, influent concentrations were reduced by both the
standard and undersized bioretention cells. In all cases, the median effluent
concentration from the standard bioretention cell was lower than that of the
undersized bioretention cell. For TP, the undersized bioretention cell produced
nearly the same effluent concentrations as that of the standard cell. However, this
may have been due to the near-irreducible influent concentration. While the
undersized bioretention cell did not treat stormwater to the same level as the standard
cell, the results presented above could allow undersized bioretention cells to receive a
portion of the credit that appropriately designed and sized bioretention cells receive.

Another metric that can be used to assess stormwater BMP performance is the use of
a target effluent concentration. McNett et al. (2010) characterized water quality
levels by correlating various in-stream pollutant concentrations to benthic
macroinvertebrate health. In the Piedmont of North Carolina, good water quality
concentrations for TN and TP are 0.99 mg/L and 0.11 mg/L, respectively. These
concentrations are shown in Figures 7 and 8 as horizontal lines. Target
concentrations for TSS are more difficult to establish; in lieu of a standard, a TSS
concentration of 25 mg/L has been used as a baseline in Figure 9. For TN, effluent
concentrations for both the standard and undersized cells were always below the
target water quality level. For TP, one storm event for the undersized cell had an
effluent concentration above the 0.11 mg/L benchmark, while the standard cell
always produced effluent concentrations below 0.11 mg/L. A similar trend was noted
for TSS, where one storm event produced effluent concentrations above 25 mg/L for
the undersized cell. It may also be noted that the influent stormwater was relatively
“clean” in terms of TN, TP, and TSS, with almost all data points below the good
water quality concentrations.
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Heavy Metals

Heavy metals are an urban pollutant of concern that are often derived from vehicular
use; no data exist in the literature as to how undersized bioretention performs for
reducing metal concentrations. Table 5 presents heavy metal data for five storm
events. Median concentrations of copper and zinc were reduced between the inlet
and outlet of the bioretention cells. Interestingly, the undersized bioretention cell
performed at least as well as the standard cell when the effluent concentration metric
was utilized. This may be an artifact of the small number of sampled storms.

Table 5. Median total heavy metal concentrations for the bioretention cells at Mango Creek.

Median Concentration (ug/L

Sampling Location | Cu | Zn Pb
Bioretention Inlet 30 | 80 | BDL

Standard
Bioretention Outlet | 20 30 | BDL

Undersized
Bioretention Outlet 10 30 | BDL

Hydrology

Hydrologic measurements have been recorded for 14 storm events with rainfall
depths less than 2.54 cm (1 inch) for both the standard and undersized bioretention
cells. For the standard bioretention cell, the largest storm event with no outflow had
a rainfall depth of 1.30 cm. For the undersized cell, the largest storm event that was
entirely captured had a rainfall depth of 0.81 cm. Cumulative volume reductions for
the 14 storm events were 50% for the standard cell and 27% for the undersized cell.
Mean peak flow rates were reduced by 95% by the standard cell and 58% by the
undersized cell. These data show the importance of correctly sizing bioretention cells
for hydrologic performance; clearly the undersized bowl volume contributes to a
consistently greater fraction of outflow and larger peak outflow rates.

Bioswale Results

Nutrients

Roadside swales are nearly ubiquitous practices used to drain highways across the
U.S. and the world. However, little data exists on swales used to treat stormwater

runoff from bridge decks. Median effluent concentrations from six storm events are
presented for the bioswale in Table 6.

Table 6. Median nutrient concentrations for the bioswale at Mango Creek.

Sampling TKN NO,;-N TN NH,N TP TSS
Location
Bioswale Inlet 0.42 0.21 0.68 0.12 0.08 36
Bioswale 0.45 0.23 0.66 0.09 0.12 22
Outlet
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The bioswale at Mango Creek did not substantially reduce the concentrations of TN
or TP derived from the bridge deck stormwater. Median NH4N concentrations were
reduced by 25% and median TSS concentrations were reduced by 39%. The
relatively poor performance for nitrogen and phosphorus species may be due to the
low influent concentrations.

Cumulative probability plots for TN, TP, and TSS for the bioswale were compared
against indicators of good water quality in North Carolina (0.99 mg/L for TN, 0.11
mg/L for TP, and 25 mg/L for TSS) (McNett et al. 2010). While substantial
reductions in TN did not occur (see Table 6) in the bioswale, effluent concentrations
often were below the good water quality standard for TN (Figure 10). Median TP
concentrations increased in the bioswale, and half of the storms sampled had effluent
TP concentrations above good water quality levels (Figure 11). While TSS
concentrations were reduced in the bioswale, four of the eleven sampled storms had
effluent TSS concentrations above the 25 mg/L benchmark (Figure 12).
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Figure 11. Bioswale Cumulative Probability Plot for TP.
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Figure 12. Bioswale Cumulative Probability Plot for TSS.

Heavy Metals

Median heavy metals concentrations are presented in Table 7 for the seven storm
events that have been sampled at the bioswale. Median copper and zinc
concentrations were reduced as the stormwater passed through the bioswale. Perhaps
this was due to the reduction in TSS concentration noted above, as heavy metals are
often associated with sediment particles.

Table 7. Median total heavy metal concentrations for the bioswale at Mango Creek.

Median Concentration (pg/L)

Sampling Location Cu Zn Pb
Swale Inlet 30 100 | BDL
Swale Outlet 0 80 BDL

Hydrology

Because the soils onsite were clayey and substantial soil compaction occurred during
construction, little infiltration was expected in the bioswale. Therefore, pollutant load
reduction of this system was also expected to be relatively poor. Thus far, twelve
storm events with rainfall depths less than 2.54 cm have been monitored, with a 0%
cumulative volume reduction. Soil amendments or other methods to reduce
compaction may be needed if infiltration is desired in a swale.

Bridge Deck Water Quality

For NCDOT, it is important to delineate the differences between runoff quality from
roadways and bridge decks, so that appropriate treatment technologies can be used to
improve water quality. In Tables 4 and 5, the rows labeled “bioretention inlet” and
“bioswale inlet” are representative of the water quality of the northbound and
southbound bridge decks, respectively. Pollutant concentrations from each bridge



Green Streets and Highways 2010 © ASCE 2011 160

deck are similar for all nitrogen and phosphorus species; median TSS concentrations
from the two bridge decks were 20 mg/L and 36 mg/L. Concentrations of TN, TP,
and TSS from the Mango Creek bridge decks were well below those from bridge
decks studied in Charlotte, NC (TN = 2.24 mg/L, TP = 0.43 mg/L, and TSS =283
mg/L) (Wu et al. 1998). TSS concentrations were also well below the 138 mg/L
reported in bridge deck studies in China (Gan et al. 2007) and Louisiana (Sansalone
et al. 2005). Perhaps this is due to differences in dustfall and/or maintenance in
China, Louisiana, and North Carolina. The bridge deck at Mango Creek produces
relatively cleaner stormwater than other bridge decks in the literature; these reduced
concentrations will lead to lessened performance for the bioretention cells and
bioswale when using the percent concentration reduction metric.

Conclusions

NCDOT has constructed and maintains 13,712 bridges in North Carolina. In 2008,
the N.C. senate passed N.C. Bill 2008-107, which requires the treatment of runoff
from these bridge decks to maintain stream health. In this study, three stormwater
BMPs were studied to ascertain their effectiveness in treating bridge deck runoff: a
standard bioretention cell, an undersized bioretention cell, and a bioswale.
Additionally, bridge deck runoff quality was studied.

Bridge deck runoff concentrations for TN, TP, and TSS at the Mango Creek site were
well below those for other bridge deck runoff studies in the literature. The standard
bioretention cell produced lower nutrient and TSS effluent concentrations than the
undersized bioretention cell. The standard bioretention cell reduced runoff volumes
to a greater extent than the undersized cell (50% vs. 27%) for all storm events less
than 2.54 cm. Undersized bioretention cells will not reduce pollutant loads to the
same extent as properly sized bioretention cells. The bioswale studied at Mango
Creek did not substantially reduce nutrient concentrations or runoff volumes.
Concentrations of heavy metals (Cu and Zn) were reduced by both the bioretention
cells and the bioswale.
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Towards Green Bridges
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ABSTRACT:

There is no industry standard to define a green bridge. Green standards have been
successfully implemented in other industries and can be used as a guide for
developing a green standard for bridges. The goals of green design include reducing
life cycle costs, energy use, greenhouse gas emissions, pollution emissions, waste,
and the use of non-renewable resources to sustainable levels.

The Greenbridges standard proposed herein is meant to provide a starting point for
discussions between bridge professionals and the existing developers of highway and
infrastructure sustainability rating systems. Greenbridges has a total of six
prerequisites and thirty-nine points grouped into seven categories. The categories are:
materials & resources, alternative transportation, project delivery process,
construction activity, maintenance & access, environment & water, and energy.

Until a standard is available, three primary strategies for reducing environmental
impacts of bridge projects are to design for minimum life cycle costs, to use recycled
materials to the maximum economical extent, and to provide preferential access to
alternative (non-single-occupancy motor vehicles) transportation modes.
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IMPETUS FOR GREEN BRIDGES

The goals of green design include reducing life cycle costs, energy use, greenhouse
gas and pollution emissions, waste, and the use of non-renewable resources to
sustainable levels. According to our code of ethics, Professional Engineers “are
encouraged to adhere to the principles of sustainable development in order to protect
the environment for future generations.” ASTM E2114 defines that sustainable
development “meets the needs of the present without compromising the needs of
future generations.”

It is clear that the existing global patterns of energy use and levels of greenhouse gas
emissions are unsustainable. Engineers working in all industries, including the bridge
industry, are charged with making the necessary changes.

RECYCLED MATERIALS
A logical first step towards greener bridges is to favor recycled, recyclable, and
industrial by-product materials.

Recycled Steel

Structural and reinforcing steel in the USA contains 96% total recycled content (59%
post-consumer) as a matter of course. Steel recycling is economically driven by the
scrap value of approximately 0.25 dollars per pound. It is to steel’s benefit that it is
already highly recycled and recyclable, however the process remains energy
intensive. Worrell (1999) documents many opportunities for improving the energy
efficiency of the steel industry. However, these changes will primarily be driven by
government policy decisions, not by revisions to bridge steel specifications. There is
no opportunity for bridge engineers to specify “green” steel.

Concrete & Pozzolan Cements

There are significant opportunities for bridge engineers to specify “green” concrete
because the energy use and greenhouse gas emissions vary drastically depending on
the mix used. Five percent of the world’s greenhouse gasses are attributed to the
Portland cement used in concrete. China is the world’s largest emitter of carbon
dioxide; twenty percent of which is attributed to their kilns used for cement
production. Portland cement emits more than one ton of carbon dioxide for every ton
of cement produced.

Greenhouse gas emissions are zero for pozzolan cements. Use of naturally occurring
pozzolan cements (of volcanic origin) dates back to the Roman Empire, as
documented by Vitruvius in 25 B.C. Similar natural pozzolan cements were used for
the substructures of the Oakland-Bay Bridge and Golden Gate Bridges; both
constructed in California in the mid-1930’s.

Modern pozzolan cement, referred to as Supplementary Cementing Materials (SCM)
or mineral admixtures, are typically not volcanic in origin, but industrial by-products
such as fly-ash, blast furnace slag, and silica flume. They, therefore, have no carbon
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emissions associated with manufacture. Unlike Portland cement, pozzolan cements
have no carbon emissions associated with calcination.

Concrete made with a blend of Portland cement and pozzolan cement admixtures has
been well established in the bridge industry for over 50 years. Typical specifications
call for fifteen percent of the cement, by weight, to be fly-ash with the remainder
Portland cement. High performance concrete commonly uses silica flume admixtures
of up to ten percent.

Several recent bridge projects have successfully utilized higher percentages of
pozzolan cements. The St. Anthony Bridge in Minnesota reduced the carbon
emissions associated with cement by up to 85% by using mixes with 69% slag, 16%
fly ash, and 15% Portland cement. The New York Times (2009) wrote a positive
article and graphic diagram on the “green” concrete used for this bridge. The
Sunshine Skyway Bridge in Florida used concrete mixes with fly ash content of 50%
replacement for Portland cement. The Cooper River Bridge in South Carolina used
43% fly ash; the low permeability of this concrete allowed for the use of uncoated
rebar to meet a 100-year design life.

The use of pozzolan cements as admixtures has focused on the lower material costs
and improved material properties, such as permeability and strength, when compared
with pure Portland cement. The reduced energy use and greenhouse gas emissions
have merely been a happy side-benefit. To date, the majority of bridges built with
high percentages of pozzolan cement have been design-build projects with
construction cost savings and improved materials properties driving the material
selection. Traditional design-bid-build projects have rarely used high percentages of
pozzolan cement, instead defaulting to standard specifications instead of project
specific concrete mix design.

There is significant opportunity for increased use of pozzolan cements in the bridge
industry; the majority of fly-ash, a proportion of which is structural grade, continues
to be landfilled.

Concrete has no scrap value. When demolishing existing concrete structures, the
waste concrete will likely be landfilled unless the contract documents require
recycling.  The reinforcing steel, however, is likely to be recycled regardless. Per
the Steel Recycling Institute, 65% of the reinforcing steel from concrete structures
demolished in the US in 2006 was recycled. To remove the reinforcing steel, the
concrete must first be crushed.

Aggregates for Concrete
When locally available, by-product aggregates including waste rock from quarries,
mines or mills, are environmentally preferable to virgin aggregates.
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Recycled & By-Product Wearing Surfaces

It is common in many states for reclaimed asphalt pavement to be recycled into hot-
mix or warm-mix pavement and for reclaimed concrete pavement to be recycled as
aggregate for new pavements. Concrete made with reclaimed concrete aggregate has
reduced strength, but is suitable for barriers, pavements, and non-structural
applications. Crushed waste concrete is also commonly recycled (downcycled) for
use in highway base courses or fill.

Lightweight synthetic aggregates made from a blend of fly-ash and recycled plastic
have been developed by the University of New Hampshire. This synthetic aggregate
can be used in lightweight concrete that meets ACI standards and is awaiting field
tests for bridge decks.

“Synthesis of Highway Practice 199: Recycling and the Use of Waste Materials and
By-Products in Highway Construction” by Collins and Ciesielski (1994) provides an
extensive review of available materials and uses. Examples include using shredded
scrap tires and roofing shingle waste in wearing surfaces. Using scrap tires in asphalt
has been found to increase pavement life and reduce road noise.

Recycled Plastic Piles

The primary bridge related application for recycled plastic piles has been for pier
protection fenders, in conjunction with recycled plastic lumber. Various styles and
manufacturers of plastic piles are available. They typically consist of a recycled
plastic matrix, a uv protecting additive, and structural reinforcement. The structural
reinforcement can be glass fibers embedded in the plastic matrix or bar-sized cages of
steel, fiber glass or FRP. Recycled plastic piles have been used by CalTrans, New
Jersey DOT, Virginia DOT, New York State DOT, and the Port Authority of
NY&NJ.

The US Navy has used recycled plastic piles with internal steel reinforcing bars at
installations around the world to replace timber fender systems. Per Alling (1998) of
the Naval Postgraduate School, while the initial material costs for plastic piles are
more expensive than timber (approximately double), the plastic piles have
significantly lower life cycle costs due to decreased maintenance and replacement
costs (plastic piles last double to ten times longer).

A different style of composite pile consists of an FRP tube (not recycled plastic) filled
with otherwise un-reinforced concrete. Virginia DOT has experimentally used these
piles as load carrying members for the pier foundations of two bridges.

Construction Waste

Bridge construction projects generate large amounts of construction waste which
typically is landfilled. Green building projects often divert 95% of the construction
waste for recycling or re-use. The extra labor required to sort the waste is more than
paid for by the scrap payments and elimination of landfill tipping fees. The online
Construction Waste Management Database developed by the National Institute of
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Building Science can provide the contact information for nearby companies that haul,
collect, and process recyclable construction debris.

Recycled Materials Standards

Countless existing standards, published by AASHTO, ASTM, ACI and others are
available to specify the recycled materials discussed herein for bridge work. The
“User’s Guide for By-Products and Secondary Use Products in Pavement
Construction” published by Recycled Material Resource Center of the University of
New Hampshire (2009), provides a thorough and up-to-date reference.

EXISTING GREEN DESIGN STANDARDS
There is no industry standard to define the attributes of a green bridge.

Two existing highway sustainability rating systems, Greenroads and GreenLITES,
have been applied to bridge projects. The Federal Highway Administration (FHWA)
is in the process of creating a Sustainable Highways rating system, to be released at
the end of 2010. Since these systems have been created and weighted for highway
and not bridge projects, it is not yet clear that they are fully applicable.

The American Society of Civil Engineers (ASCE), in partnership with the American
Public Works Association (APWA) and the American Council of Engineering
Companies (ACEC), is creating an sustainable infrastructure project rating system, to
be released at the end of 2010. Harvard University has also established the Zofnass
Program which is creating a framework for evaluating infrastructure sustainability.
Since both of these programs aspire to rate the sustainability of all forms of
infrastructure, at all scales, they aspire to be applied to bridge projects.

It is not yet clear which, if any, of the above systems will be implemented by the
bridge industry and become a standard.

All green standards require more than just a publisher. They also require a dedicated
professional staff to administer project applications and documentation.

PROPOSED GREEN BRIDGE STANDARD

The proposed Greenbridges standard has a total of six prerequisites and thirty-nine
points grouped into seven categories. The categories are: materials & resources,
alternative transportation, project deliver process, construction activity, maintenance
& access, environment & water, and energy. A summary of each category is
provided below. Details of each point are found in Appendix A, including references
to similar points in the LEED, SPiRiT, and Greenroads standards.

The Greenbridges standard proposed below is not meant to be a functioning green
standard. It is meant to provide a starting point for discussions between bridge
professionals and the developers of highway and infrastructure sustainability rating
systems.
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The Greenbridges standard proposed below draws from three existing green design
standards: LEED, SPiRiT, and Greenroads. LEED is an acronym for Leadership in
Energy and Environmental Design; this standard certifies green buildings. LEED is
administered by the US Green Building Council, a non-profit organization founded in
1993. SPiRiT is the Sustainable Project Rating Tool developed by the US Army for
their facilities. Since 2000 all new army facilities and infrastructure have been
required to be built to green standards. Greenroads was introduced in 2009 to certify
roadway and pavement projects. This standard was developed at the University of
Washington with funding from the federal US Department of Transportation as well
as several state and regional departments. Greenroads documentations states
“Bridges, tunnels, walls and other structures are not explicitly considered in
Greenroads, but they are not explicitly excluded either.” and “Comments are
welcome regarding adjustments that would need to be made to be more reflective of
sustainable activities for bridges and tunnels.”

Materials & resources

Six Credits: Use materials that are recycled, recyclable, and industrial by-products.
One credit is earned for recycled material content of 20% with additional credits
accumulated for 40%, 60%, 80% and 90%. Use regionally extracted and
manufactured materials to reduce the impacts of shipping. Regional is defined by an
eight hundred kilometer (500 mile) radius from the project site.

Alternative transportation

Five Credits: Encourage transportation alternatives to single occupancy motor
vehicles. Provide pathways for pedestrians and cyclists. Provide designated lanes for
busses, light-rail transit, car pools, and low-emission vehicles.

Project delivery process

One Prerequisite: Perform bridge life cycle cost analysis in accordance with NCHRP
Report 483. Perform life cycle assessments, using the free software eiolca.net, to
compare the environmental impacts of competing bridge proposals.

Seven Credits: Use design charettes to develop context sensitive solutions. Consider
future uses and demolition/salvage of the bridge. Develop innovative designs. Include
green design accredited professionals.

Construction activity

Three Prerequisites: Divert 75 % of the on-site construction and demolition waste
from landfills for reuse or recycling. Control erosion and stormwater. Prepare a
construction noise mitigation plan.

Six Credits: Track water and electricity use. Provide on-site environmental awareness
training. Reduce fossil fuel use and emissions of the construction equipment.

Maintenance & access

Two Credits: Produce a maintenance manual at the time of design, including
estimated maintenance activities, frequencies and costs. Provide safe and productive
maintenance access.
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Environment & water

One Prerequisite: Comply with the applicable environmental laws.

Nine Credits: Minimize destruction to the local ecology around the bridge site.
Minimise erosion, stormwater sedimentation, construction dust, particulate, noise,
and light pollution. Minimise the heat island effect. Prefer the redevelopment of
brownfield or urban sites instead of developing agricultural or wetland sites. Use
native vegetation with no irrigation.

Energy

One Prerequisite: Commission the bridge electrical systems after construction to
verify that the actual energy used conforms to the design values.

Four Credits: Minimise the life cycle costs of the bridge electrical equipment and
lighting. Sign a multi-year contract to procure grid-source green electricity.

The proposed Greenbridges standard will be used to award points to bridge projects.
A designated minimum point value (15 points, for example) will be required for a
bridge project to be certified as green.

LIFE CYCLE ASSESSMENT

Life cycle assessment can be used during the study phase of bridge projects to
compare the environmental impacts of competing proposals. Carnegie Mellon
University has developed free software, available at www.eiolca.net, which is well
suited for the assessment of bridge projects.

The first step is to perform a bridge life cycle cost analysis in accordance with
NCHRP Report 483 (as mandated by SAFETEA-LU legislation). This total life cycle
cost includes agency, user, and vulnerability costs. The agency costs include design,
construction, maintenance, rehabilitation, and salvage/disposal.

Life cycle costs are the inputs used by the www.eiolca.net software to determine the
project outputs in terms of global warming potential, conventional pollution, toxic
releases, energy use, as well as employment and economic activity. The life cycle
assessment of each bridge is estimated to require 40 man-hours to perform.

The environmental impacts associated with construction and maintenance have a
similar order of magnitude over the life of the bridge. This is based on typical annual
bridge maintenance costs of 1% of bridge replacement costs, as reported by Yanev
(2007) of the New York City DOT.

Since a large proportion of maintenance resources are used to maintain paint, joints,
and drainage, bridge designs that minimize or eliminate this work are preferred.

Which structural material is environmentally preferable: steel or concrete? Bridge
engineers can answer this question for specific projects by performing life cycle
assessments of the competing proposed design alternatives. Life cycle assessments
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published by Horvath (1998), Dennison (2004), and Struble (2004) indicate that
embodied energy and greenhouse gas emissions are of the same order of magnitude
for steel and concrete bridges. Concrete bridges using high percentages of pozzolan
cement will tend to be environmentally preferable when compared with painted steel
bridges.

BRIDGES AND CLIMATE CHANGE

The Transportation Research Board published Report 290 (2008) entitled “Potential
Impacts of Climate Change on US Transportation”. This report says “there is a need
for making changes in [design] standards that focuses first on long-lived facilities,
such as bridges (page 11).” The report indicates that the solution for dealing with
climate change will be a combination of two strategies: adaptation and mitigation.

The adaptation strategy means adjusting to the climate changes that will occur. In
terms of bridge design, this means designing based on weather model predictions
instead of historical weather data. Twenty-first century weather will not be the same
as twentieth century weather. There will be a need for our bridges to withstand
higher sea levels, increased storm loads and frequencies, and increased temperature
ranges. This adaptation strategy will be implemented by updating and revising the
existing AASHTO bridge design specifications that will apply to new bridge designs.
Adaption will also require assessing and retrofitting existing bridges.

The mitigation strategy means reducing the severity of climate change by reducing
greenhouse gas emissions. The green standards and project sustainability rating
systems are part of the mitigation strategy that is in the process of being deployed in
industries across the economy and the world.

COSTS ASSOCIATED WITH GREEN BRIDGES

Bridges with lower life cycle costs will tend to have lower environmental impacts, in
terms of material and energy use. In other words, the least expensive bridge
alternative is also likely to have the least associated emissions and embodied energy.
The key is to consider the total costs for design, construction, use, maintenance,
demolition, and salvage; not merely initial construction cost. Policy makers have
responsibility for internalizing externalities.

Many recycled materials, including steel, pozzolan cements, wearing surfaces
aggregates, and construction waste, are cost competitive — in terms of both initial cost
and life cycle cost — with the virgin alternatives.

Davis Langdon (2006) performed detailed investigations into the costs associated
with LEED and found “there is no significant difference in average [construction]
costs for green buildings as compared to non-green buildings.” Kats (2003) came to a
similar conclusion when investigating the costs associated with the thirty-three LEED
certified municipal buildings built by the state of California. The Federal GSA
decided to fund its green building mandate by allocating a 2.5% construction budget
increase. RSMeans estimates that average additional costs associated with green
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building construction are 2% to 5%, the majority of which are attributed to design and
engineering.

Whichever estimate is used, the sources agree that the initial investment in green
building is rewarded by many times over the life of the structures. This is due to
lower life cycle costs in the form of decreased energy, water, and waste use.

This indicates that applying green standards and project sustainability rating systems
need not increase bridge construction costs and will certainly reduce life cycle costs
and maintenance costs in particular.

THE MARKET FOR GREEN BRIDGES

Twenty-three billion dollars of LEED certified green buildings were constructed in
the USA in 2007, including nearly three billion dollars of office buildings for
government agencies.

Hundreds of green buildings have been constructed by agencies that own bridges,
such as: Virginia DOT, Caltrans, US Army Corps of Engineers, MTA Bridges &
Tunnels, Federal DOT, New York City DOT, and the Seattle DOT. Many additional
municipalities, including the state of Arizona and the city of Chicago, have created
mandates for all new facilities to be built to LEED certified green buildings.

The development of the Greenroads design standard was sponsored by the DOTs of
Washington State, California, Texas, and Minnesota.

This indicates that green standards and project sustainability rating systems have the
potential to create an active and growing market.

CONCLUSION

Green design has entered the public consciousness and the mainstream newspapers
and magazines. The public, the taxpayers, the politicians, and the policy-makers want
to be assured that public funds are being used to build environmentally friendly
infrastructure.

Green standards, a.k.a. sustainability rating systems, are a tool that can encourage
existing “best practices” to see more widespread use. They can also spur innovation
to speed the development of new “best practices.” Green design standards have been
successfully implemented in other industries. Now is the time for their application to
the bridge industry.
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Appendix A — Proposed Green Bridge Design Standard

The following categories are proposed for the Green Bridge standard: materials &
resources, alternative transportation, project deliver process, construction activity,
maintenance & access, environment & water, and energy. A summary of each category
is provided below, as well as in the body of this paper. The title for each point is given
below. References are provided to similar points in the LEED Version 2.2, SPiRiT 1.4.1,
or Greenroads Version 0.95 standards.

Materials & Resources, 6 points
Use materials that are recycled, recyclable, and industrial by-products. Use regionally
extracted and manufactured materials.

MR Credits 1, 2, 3, 4, & 5 — Recycled Materials
See LEED MR Credit 4, SPiRiT MR Credit 4 and Greenroads MR-4

MR Credit 6 — Regional Materials
See LEED MR Credit 5, SPiRiT MR Credit 5 and Greenroads MR-5

Alternative Transportation, 5 points

Encourage transportation alternatives to single occupancy motor vehicles. Provide
pathways for pedestrians and cyclists. Provide designated lanes for busses, light-rail
transit, car pools, and low-emission vehicles.

AT Credit 1 — Pedestrian Facilities
See LEED SS Credit 4, SPiRiT C4, and Greenroads AE-3-9

AT Credit 2 — Bicycle Facilities
See LEED SS Credit 4, SPiRiT C4, and Greenroads AE-3-9

AT Credit 3 — Public Transportation Facilities
See LEED SS Credit 4, SPiRiT C4, and Greenroads AE-3-9

AT Credit 4 — High Occupancy Vehicle Facilities
See LEED SS Credit 4, SPiRiT C4, and Greenroads AE-3-9

AT Credit 5 — Low Emission Vehicle Facilities
See LEED SS Credit 4, SPiRiT C4, and Greenroads AE-3-9

Project Delivery Process, 1 prerequisite, 7 points

Perform life cycle assessments, using the free software www.eiolca.net, to compare the
life cycle costs and environmental impacts of competing bridge proposals. Use design
charettes to develop context sensitive solutions. Consider future uses and
demolition/salvage of the bridge. Develop innovative designs. Include green design
accredited professionals.

PDP Prerequisite 1 — Life Cycle Assessment
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See Greenroads PR-8, PR-9, and MR 1

PDP Credit 1 — Educational Outreach
See Greenroads PR-5

PDP Credit 2 — Context Sensitive Solutions
See Greenroads AE-3-9

PDP Credit 3 — Holistic Project Delivery and Design Charrettes
See SPiRiT FDP Credit 1

PDP Credit 4 — Adaption, Renewal and Future Uses
See SPiRiT CM Credit 2

PDP Credit 5 — Demolition Procedures, Costs, and Salvage Values

PDP Credit 6 — Innovation in Design
See LEED ID Credit 1 and Greenroads EP-1

PDP Credit 7 — Green Design Accredited Professional
See LEED ID Credit 2 and Greenroads EP-2

Construction Activity, 3 prerequisites, 6 points

Divert construction and demolition waste from landfills for reuse or recycling. Control
erosion and stormwater. Track water and electricity use. Provide on-site environmental
awareness training. Reduce fossil fuel use and emissions of the construction equipment.

CA Prerequisite 1 — Construction & Demolition Waste Management Program
See LEED MR Credit 2, SPiRiT C2 and Greenroads PR-7 & CA-2

CA Prerequisite 2 — Temporary Erosion and Stormwater Control Plan
See LEED SS Prerequisite 1, SPiRiT R1, Greenroads PR-10

CA Prerequisite 3 — Construction Noise Mitigation Plan
See Greenroads PR-11

CA Credit 1 — Quality Management System
See Greenroads PR-6 & CA-1

CA Credit 2 — Track Water Use
See Greenroads CA-3

CA Credit 3 — Fossil Fuel Use Reduction
See Greenroads CA-4

CA Credit 4 — Equipment Emission Reduction
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See Greenroads CA-5

CA Credit 5 — Environmental Awareness Training
See Greenroads CA-6

CA Credit 6 — Warranty or Performance Based Fees
See Greenroads CA-7

Maintenance & Access, 2 points
Produce a maintenance manual, including estimated activities, frequencies and costs.
Provide safe and productive maintenance access.

MA Prerequisite 1 — Maintenance Plan, Costs and Manual
See SPiRiT CM Credit 1 and Greenroads PR-2 & PR-3

MA Prerequisite 2 — Maintenance Access
See SPiRiT CM Credit 2

Environment & Water, 1 prerequisite, 9 points

Minimize destruction to the local ecology around the bridge site. Minimize erosion,
stormwater sedimentation, construction dust, particulate, noise, and light pollution.
Minimize the heat island effect. Prefer the redevelopment of brownfield or urban sites
instead of developing virgin greenfield sites. Use native vegetation with no irrigation.

EW Prerequisite 1 — NEPA Compliance
See Greenroads PR-1

EW Credit 1- Sustainable Stormwater Management
See LEED SS Credit 6, SPiRiT SS C6 and Greenroads PR-4, EW-2&7, & PT-5

EW Credit 2 — Reduced Site Disturbance
See LEED SS Credit 5, SPiRiT SS C5, Greenroads MR-2

EW Credit 3 — Environmental Management System
See Greenroads EW-1

EW Credit 4 — Native Vegetation and No Water Use
See LEED WE Credit 1, SPiRiT WE C1 and Greenroads EW-4

EW Credit 5 — Ecological Connectivity
See Greenroads EW-5 & EW-8

EW Credit 6 — Light Pollution
See LEED SS Credit 8, SPiRiT SS C8 and Greenroads EW-6

EW Credit 7 — Heat Island Reduction
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See LEED SS Credit 7, SPiRiT SS C7 and Greenroads PT-4

EW Credit 8 — Site Selection
See LEED SS Credit 1, 2 & 3 and SPiRiT SS C1, C2 & C3

EW Credit 9 — Noise Pollution Reduction
See Greenroads PT-6

Energy, 1 prerequisite, 4 points

Minimize the life-cycle costs of the bridge electrical equipment and lighting.
Commission the bridge electrical systems after construction to verify that the actual
energy used conforms to the design values. Use grid-source green electricity.

E Prerequisite 1 — Commissioning of the Electrical Systems
See LEED EA Prerequisite 1 and SPiRiT EA R1

E Credit 1 — Optimize Energy Performance
See LEED EA Credit 1 and SPiRiT EA C1

E Credit 2 — Grid Source Green Electricity
See LEED EA Credit 6 and SPiRiT EA C6

E Credit 3 — Enhanced Commissioning of the Electrical Systems
See LEED EA Credit 3 and SPiRiT EA C3

E Credit 4 — Measurement & Verification
See LEED EA Credit 5 and SPiRiT EA C5
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ABSTRACT

The Domestic Scan Program was developed to highlight innovative practices of high-
performing transportation agencies that could be beneficially adopted by other
interested agencies. The Scan Program provides the opportunity for technology
transfer on a relatively economical basis with significant benefits on a national scale.

The Clean Water Act (CWA) places requirements on Departments of Transportation
(DOTs) for the discharge of stormwater from their systems through the National
Pollutant Discharge Elimination System (NPDES). Non-compliance with NPDES
permits can impact project design, engineering and construction schedules and
increase construction time and costs. Successful compliance with NPDES permits
requires the appropriate transfer of information and accountability through multiple
phases of project delivery. State DOTs that are under NPDES Municipal Separate
Storm Sewer System (MS4) Phase I or Phase II permit coverage are anticipating
implementation of the total maximum daily load (TMDL) process which poses
potential stormwater permitting concerns based upon the method of implementation
chosen and the types of receiving water impairments addressed.

This paper summarizes a Domestic Scan for stormwater that occurred in July, 2009.
Four primary topics were selected as the subject of this Scan. Benefits of this Scan
include better insight into stormwater requirements during the project delivery
process, improved compliance with NPDES permits, and reducing project delays
associated with NPDES violations and noncompliance. The Scan provided an
excellent opportunity to document lessons learned and share experiences to assist
individual DOTs in negotiating, developing, implementing and tracking TMDL
programs as part of NPDES MS4 compliance.



Green Streets and Highways 2010 © ASCE 2011 181

OVERVIEW

The field of stormwater quality is dynamic, owing to a complex and expanding
regulatory structure. Stormwater regulations are administered by the United States
Environmental Protection Agency (USEPA) based on the Federal Water Pollution
Control CWA or Clean Water CWA (CWA) but most states are authorized to
implement the program, with oversight retained by the USEPA. The delegated
Federal system may also operate in parallel with state water pollution laws that are
different and beyond those contained in the CWA. This structure creates a
challenging basis for the development and dissemination of national stormwater
guidance in support of the CWA.

The National Pollutant Discharge Elimination System (NPDES) permitting
program is authorized under the Clean Water Act to control the discharge of
pollutants from industrial and municipal point sources to waters of the United States.
NPDES discharge permits are issued on a five-year cycle to owners of storm drain
(sewer) systems. Receiving waters that are ‘fishable and swimmable’ is a stated goal
of the CWA, and Federal regulations require that stormwater shall not ‘cause or
contribute’ to a violation of water quality standards. This goal is achieved through
the application of best management practices (BMPs) to reduce the discharge of
pollutants to the maximum extent practicable (MEP). The CWA does not explicitly
define MEP, and the lack of quantitative performance metrics has proved to be both a
problem and perhaps the only feasible way to regulate surface water quality at the
present time. The subjectivity of the definition of MEP allows for needed flexibility
from a regulatory standpoint but can become problematic for NPDES permit holders
due to the provision of the CWA that allows for citizen enforcement. Many state
transportation agencies are facing or involved in third party litigation relative to their
stormwater programs, diverting resources from program implementation, facility
construction and operation and maintenance.

Stormwater program requirements and third party lawsuits have created an
urgent need for more effective and efficient tools for stormwater program managers
to maintain receiving water beneficial uses. The vast majority of the state and federal
highway systems have historically been been constructed to convey stormwater
quickly away from the highway to protect property and motorist safety, with less
planning or infrastructure for stormwater quality mitigation. The limited space and
safety requirements within the highway right-of-way make it difficult, expensive and
in many cases impractical to retrofit treatment controls or match the predevelopment
hydrologic conditions.

The Scan Team met formally and via conference call to focus the potential
topics for the Scan. Four topics were ultimately chosen that represent the most urgent
challenges facing DOT stormwater programs. A Desk Scan report was developed to
further refine the topics and determine potential Scan sites. Criteria for selection of
candidate scan sites included those with a well-developed stormwater program
located in states that were highly regulated and dealing with more dynamic
stormwater regulations such as Total Maximum Daily Loads for impaired water
bodies. The Team was looking for innovative responses to stormwater program
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implementation challenges, with an eye not only on opportunities for technology
transfer, but also on helping to continue the national dialogue to improve stormwater
quality regulation.The programs that were initially selected to participate in the Scan
geographically represented most areas of the country, however due to constraints on
the Scan Team travel dates as well as staff resources at DOT programs, locations on
the west coast were not in the final trip agenda. The DOT programs that were visited
as a part of the Scan were:

O 0O O0OO0Oo

New York State DOT

District of Columbia DOT

Maryland State Highway Administration
North Carolina DOT

Texas DOT

Florida DOT

Amplifying questions were developed by the team and sent to the Scan sites

before the site visit to allow them to center their preparations on the specific areas of
interest to this Scan. The amplifying questions expanded on the primary topic areas
that collectively comprise the study questions. The four topic areas for this Scan are:

1.

Total Maximum Daily Loads (TMDLs). This topic includes Total
Maximum Daily Load (TMDL) implementation and water quality credit
trading and banking. TMDLs are emerging as a primary issue for DOT
programs as more water bodies are listed as ‘impaired’ according to Section
303 of the Act, and DOTs are named as stakeholders of the TMDL. Credit
trading and banking are likely to play a key role in DOT compliance with
TMDLs given limited ROW for the installation of BMPs and limited authority
to regulate the source of constituents within the ROW.

Best Management Practices (BMPs). BMPs are the primary vehicle for
compliance with the requirements of the Act. NPDES permittees are
continuously refining BMPs (for either during construction and post-
construction) to reduce their life cycle cost while improving their
effectiveness. A current trend in BMP development and application includes
Low Impact Development (LID) approaches which emphasize vegetated
controls and the objective of maintaining pre-development hydrologic
conditions on a site. A highway-specific LID model has not been universally
defined for highway systems and an objective of the Scan was to assess the
LID implementation strategies nationally. Another focus under this topic was
on non-structural BMPs, approaches that embrace source control of potential
pollutants rather than removal of pollutants from stormwater runoff.

DOT Practices and Procedures. The implementation strategy of the
stormwater program and its framework and structure can play a decisive role
in program success. This topic focused on the various approaches for tracking
and maintaining treatment BMPs in the field with the objective of seeking
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low-cost solutions to a man-hour intensive process. This topic also included
the development of annual reports (required under most NPDES permits) and
assessment of the DOT stormwater program.

4. Regulatory. DOT communication with state and federal regulators is crucial
to a successful stormwater program due to the subjectivity inherent in the
application of the regulations. This topic sought to identify the characteristics
of functioning partnerships between the regulatory agency(ies) and the DOT.
Also included was an assessment of the 401 certification process — required
when applying to modify a jurisdictional wetland under Section 404 of the
Act. Of particular interest was the application and administration of 401
requirements in the context of the more comprehensive DOT NPDES
stormwater program.

It was recognized that not all topics would be covered at each Scan site and
not all approaches to the topic areas would be nationally applicable.

SUMMARY OF INITIAL FINDINGS AND RECOMMENDATIONS

The Scan travel included site visits to six programs over a period of two weeks. At
the conclusion of the site visits, the Team met in Orlando, Florida for one day to
discuss the findings and information gathered from each program. The Team agreed
that the Scan topics are of national importance, and that continuing dialogue on the
topics is important to improve the effectiveness of DOT stormwater programs. The
NPDES stormwater program remains in the early stages of implementation and
significant gains in the program efficiency and effectiveness must occur in the future.
The initial findings and recommendations of the Scan Team are organized under the
four Scan topics.

Total Maximum Daily Loads (TMDLs)

There was a wide variety of awareness and program resources dedicated to TMDLs
among the Scan sites visited by the Team. Each of the states visited had an active
TMDL program and were engaged in developing TMDLs and TMDL implementation
plans. However, some Scan sites, such as Texas DOT, have not been named or
assigned a load allocation for any of the state’s TMDLs. All of the programs agreed
that TMDLs were the single most important compliance issue they would likely face
in the foreseeable future in terms of DOT resource impacts. Some of the most
important aspects of the TMDL program and steps a DOT can take to prepare for and
implement TMDLs are:

o DOTs are uniquely impacted by TMDLs. Since DOTs operate throughout the
entire state, and cross virtually all of the watersheds within the state, they are a
potential stakeholder in all TMDL listings.

o DOTs need to take a leadership role in the TMDL process. TMDL policy
needs to be rooted in good science. DOTs can act as a catalyst to bring
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stakeholders together to develop the necessary technical studies. DOTs need
to be recognized as an expert in water quality management with valuable data
to assist in the TMDL development process.

o A clear, measurable pathway to TMDL compliance is essential. The TMDL
language must be concise and define spatial, temporal and hydrologic
conditions of operation. Specific waste load allocations must be assigned with
a quantifiable endpoint. Assignment of loads should not be left as a task for
the stakeholders. TMDLs are about accountability.

o TMDLs need to be integrated. TMDLs are typically completed and
implemented for a single waterbody/pollutant combination. A program that at
least looks forward to future TMDLs for the waterbody should be developed
to ensure that flexible control strategies are selected.

None of the Scan sites had an established water quality trading program with
the exception of the Maryland SHA, but this program was not operated for TMDL
compliance. All of the DOTs agreed that credit trading programs would be
important, perhaps necessary, to comply with TMDL load allocations given the
limited ROW available for retrofit of controls.

Best Management Practices (BMPs)

BMP development, implementation and operation and maintenance are the
foundation of DOT stormwater programs. The DOTs with the most advanced
programs and quantitative assessment metrics were generally those that included a
research program, typically partnering with a local university. The North Carolina
DOT, Texas DOT and Florida DOT are notable examples. In some cases, multiple
universities are engaged with ongoing programs (such as TxDOT and the Texas
Transportation Institute at Texas A&M University and the Center for Research in
Water Resources at the University of Texas at Austin). Exceptional research is
occurring in many program areas that has the potential to reduce DOT compliance
costs and increase receiving water quality. Some of the more notable active and
recent research includes:

o Polyacrylamide Application. North Carolina State University (NCSU) has an
exceptional research program evaluating the applications of polyacrylamide
(PAM) for the reduction of turbidity in stormwater discharging from
construction sites. Passive application of PAM using a variety of delivery
mechanisms appears to safely and dramatically reduce runoff turbidity. This
research is very topical given the pending promulgation of effluent limit
guidelines (ELGs) for construction sites by the USEPA.

o Nutrient Removal with Bioretention BMPs. NCSU is also researching the
potential for bioretention BMPs to reduce nutrients in highway stormwater
runoff. This research is important since nutrients are a leading cause of
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impairment in receiving waters and nitrogen is highly soluble, limiting the
effectiveness of many conventional BMPs.

o Batch Detention. The University of Texas at Austin (UT) has developed a
low cost retrofit application for wet or dry detention basins that significantly
improves removal efficiency for particulate constituents. An active pond
outlet (requiring no human operator) detains stormwater runoff in quiescent
conditions, improving removal compared to conventional basins with passive
outlets. The system also allows the possibility of creating a network of basins
linked by telemetry and operated by a rainfall-runoff model for even greater
system efficiency gains.

o Permeable Friction Course Overlay. The researchers at UT have also
determined that an open graded friction course applied over a conventional
pavement section can dramatically improve highway runoff water quality.
This practice is especially appealing in light of the associated benefits
(enhanced safety, reduced noise) and broad applicability for retrofit of
existing highways.

o Stormwater Harvesting. The University of Central Florida (UCF) is engaged
in developing approaches to harvesting (use or re-use) of stormwater runoff
for landscape irrigation. In addition to being a sustainable approach,
stormwater harvesting may become an important application to meet
hydromodification mitigation requirements and is an important LID
application. However, there is substantial question as to how stormwater
harvesting can be applied to highway systems.

The Scan Team found less advances in the development of source control
applications for highway systems, though some of the approaches that merit mention
are:

o The elimination of mowing for aesthetics. Mowing by some programs such as
in Texas is being curtailed and implemented for safety reasons only, possibly
reducing a source of organic nitrogen.

o Reduction in use of salt and deicers by using more sophisticated application
technology (DDOT).

o Reduction in herbicide and pesticide application (TxDOT and NCDOT).

o Advanced practices in public education such as illegal dumping reporting by
adopt-a-highway crews (NCDOT).

DOT Practices and Procedures

Treatment BMPs become ineffective if they are not operated and maintained
correctly. BMP O&M is a resource intensive element of a stormwater program so
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effective use of maintenance forces is a priority. Several Scan visit locations had
developed relatively advanced inspection and tracking programs that could serve as a
model for adoption by other DOTs.

o Construction Site BMP Inspection. The Maryland SHA has a sophisticated
quality assurance program for ensuring construction site water quality
compliance. An independent inspector is assigned to review compliance and
provide an overall letter grade for the site. Depending on the outcome of the
inspection, the inspector is empowered to levee a range of punitive measures
on the contractor as well as the SHA personnel. There is also a generous
incentive program to reward compliance at defined milestones.

o Post-construction BMP tracking. The New York State DOT has developed a
database program to track post-construction BMP attribute data and
maintenance activities. The MS Access® database includes project
information, practice information, inspection information and maintenance
information. The system can generate inspection forms detailing the location
maintenance history. A future enhancement will include location —specific
maintenance schedules. The Maryland SHA has also developed a similar
BMP maintenance tracking system using a ‘response table’ to assess
maintenance needs at the indexed sites.

o Design, Build, Operate, Maintain. The Maryland SHA is piloting a design-
build program for retrofit treatment BMPs. The program (acronym DBOM
for Design, Build, Operate, Maintain), administers a performance based
contract for a BMP with a 3-year maintenance period. The maintenance
portion of the contract can be extended at the option of the SHA for additional
3-year increments.

Program annual reporting and effectiveness assessment received less emphasis
at most of the Scan sites, reflecting that relatively speaking the NPDES program is in
the early stages of implementation. Clearly this is a subject that deserves additional
research and program enhancement by DOTs since it is a relatively resource-intensive
activity. A notable exception is the North Carolina DOT which has reduced the
contents of its annual report significantly by establishing regular communication with
its regulator. NCDOT holds monthly coordination meetings with DNR NPDES
coordinators, and quarterly meetings with DEP. This continuous communication has
allowed the DOT to eliminate a large portion of the annual reporting required as a
part of the NPDES permit.

Regulatory Coordination and 401 Certifications

Good coordination with state regulators (all locations visited in this Scan were
operating in states with ‘delegated’ authority to implement the NPDES program) was
universally agreed to result in a more effective stormwater program. Nearly all Scan
locations reported that a partnership with the state regulator resulted in fewer delays
in project delivery and reduced cost for program implementation. How this effective
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communication is achieved is partially based on the structure of the DOT and that of
the regulator, as well as the culture of both agencies. However, there are some
fundamental attributes of the programs that are successful in creating a collaborative
relationship between the DOT and the regulatory authority:

O

Create a Culture of Environmental Stewardship. The DOT must ‘walk the
talk’ and be committed to creating a program of environmental compliance
and excellence. Many elements can contribute to this objective, including a
robust research program, continuous communication and program
transparency. Avoiding centralization of environmental responsibilities
(breaking down silos) will also promote ownership, compliance and
stewardship within the organization. Finally, the most effective programs
have buy-in from the highest levels of the organization.

DOT Funded Positions. Several of the Scan sites fund positions at the
regulatory agency to increase service (reduce plan review time) and technical
expertise (examples are the Maryland SHA, NCDOT and TxDOT).

Flexibility and Willingness to Change. Stormwater regulation is a dynamic
environment with the standard of care (MEP) rapidly evolving. This can be
counter to a traditional DOT culture that values safety as the first priority
necessitating a deliberate pace when altering policies, procedures and
practices. The successful DOT stormwater program is proactive and uses
tools such as bench and field scale pilot testing of new approaches.

Understanding of Program Costs. A constructive dialogue with regulatory
agencies should include program costs to assess the balance with benefit, but
many of the DOT programs do not accurately assess and record
implementation costs.

Education. The regulators, DOTs and general public need to receive
education on stormwater program costs, benefits and programs to ensure

continuous process improvement and support.

Another aspect of this topic area was the 401 certification program as a part of

the 404 permitting process. Some states (such as California and Oregon) have seen a
divergence in the application of the 401 and 402 programs, creating project delivery
issues and unanticipated increases in project budgets. The Team found that at the
Scan sites visited, the 401 requirements of the Act were fairly well integrated into and
consistent with the Section 402 program requirements. This is a topic that may
become more of an issue in the future and should remain a part of the national
stormwater discussion.

PLANNED IMPLEMENTATION ACTIVITIES

The Team is committed to implementing the findings of this Scan. The national
dialogue on DOT stormwater programs remains one of the most important issues

187
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today with respect to the environment and the future potential for increasing program
cost. Many important programs, strategies and BMPs were identified in this Scan
that would be of benefit if implemented at other DOTs. The Team plans to initiate
the following implementation activities immediately upon completion of the Scan
Report:

e Publication of articles in journals and other industry related publications
including ASCE Magazine, Stormwater Solutions and the APWA Reporter.

e Presentations at AASHTO committees, TRB sessions and ASCE and other
conferences. An abstract is currently being prepared for the 2010 TRB
Conference.

e Use of the project Powerpoint® developed for the scan trip for in-house DOT
presentations and presentation to local transportation organizations by the
Scan Team members.

e Integrate the team’s findings into other association and industry groups such
as the AASHTO Center for Excellence.

e In-reach within FHWA and USEPA.
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ABSTRACT

The City of Santa Monica’s Watershed Management Program requires post-
construction Best Management Practices (BMPs) for private and public construction
projects, both new development and redevelopment (retrofits), to reduce the amount
of stormwater runoff and to improve runoff quality entering the Santa Monica Bay.

While the city’s watershed management program has been and continues to be
successful in promoting Low Impact Development (LID) strategies for individual
parcel projects, the transportation grid is a harder area to incorporate BMPs.
Transportation infrastructure involves other complexities of development, such as
underground utilities, grade limitations, parkways, traffic flow and safety vehicle
movement. To demonstrate the feasibility of incorporating the green street BMP
strategy in an ultra urban, built-out setting, the city obtained a state grant to build
such a green street.

With this state financial injection, the city retrofitted a hardscaped, landscape-
lacking, densely populated, multi-family street surrounded by commercial land uses.
The Bicknell Avenue Green Street Project demonstrates how an urban street can be
retrofitted with a combination of BMPs, low-volume irrigation and climate-
appropriate landscape. The result is an aesthetically attractive, greener street with
less impermeable surfaces that infiltrate up to 80% of wet weather flows.

The Bicknell Avenue Green Street project featured the use of multiple BMPs
within the right of way. This project utilized porous concrete, curb extensions,
depressed landscape bio-retention areas, catch basin fossil filter inserts, and
underground arched plastic infiltration chambers surrounded by medium sized
washed aggregate. These BMP devices were chosen to remove the typical pollutants



Green Streets and Highways 2010 © ASCE 2011 191

found within the first-flush rainfall (3/4” storm) and reduce the amount of sediment
reaching the infiltration chambers. The finished project treats the flow rate and
infiltrates the volume of the runoff generated from the first-flush rainfall.

The project was completed in spring 2009 and has been subjected to multiple
rain events during the 2009/2010 rainy season. Visual observations of the project
after a storm event show that trash, debris and sediment are captured either in the bio-
retention areas or in the catch basin fossil filter inserts. Additionally, based on visual
observations, runoff within the gutter system is significantly reduced by the time it
reaches the public catch basin near the end of the project and runoff can been seen
within the catch basins and show that the infiltration basins are being filled.

Whenever a jurisdiction plans to retrofit a street or build a new one, LID
features must be included in the site design for a green street. By demonstrating the
efficiency of a green street along with other green street projects in Santa Monica, the
City hopes to set a new standard for Southern California streets and encourage other
jurisdictions to “jump on the bandwagon” and replicate this LID strategy. Green
streets should become the new standard for transportation infrastructure.

INTRODUCTION

The City of Santa Monica’s Watershed Management Plan and Urban Runoff
Pollution Ordinance (Programs) promote the use of low impact development (LID)
design in construction projects for the specific purpose of harvesting most storm
water for use, infiltration or treatment (and release), reducing the amount of runoff
flow and pollution that leaves the city and enters the Santa Monica Bay. This
watershed approach to managing urban runoff is in accordance with the Sustainable
City Plan of Santa Monica, which states in part that natural resources, including any
local resources such as runoff, are to be used wisely and that the environment is to be
protected from pollution. These Programs incorporate this principle during the design
of construction projects, private and public, and requires post-construction structural
Best Management Practices (BMPs) to harvest runoff. Moreover, these Programs
shift from a paradigm of runoff being viewed as a waste product and of paving over
permeable surfaces to a new paradigm of viewing runoff as a local natural resource
for use, incorporating permeable, while hard, surfaces (to support vehicular traffic) in
new designs. Besides promoting local water resources and sustainability (quantity),
these Programs help the city meet NPDES requirements for water quality.

The City has an urban runoff mitigation code, requiring that runoff from
newly constructed or redeveloped buildings or properties be reduced through the
installation of post-construction BMPs. This strategy accomplishes two goals:
harvests a local water supply for present immediate use or future extraction, and
prevents a water pollution problem from entering the bay, the single largest source of
water pollution in the country. The watershed plan focuses city resources on efforts
to incorporate retrofit BMPs within private and public properties, and the public
storm drain system, for the purposes of treating or reducing runoff before it leaves
city boundaries and enters another jurisdiction.

One urbanized area that receives little attention for LID and BMPs because
public projects are too small or infrequent is the transportation infrastructure.
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Regular activities like road/alley resurfacing or gutter replacement generally do not
stimulate post-construction BMPs and LID thinking, much less planning. And in a
built-out city such as Santa Monica, no new roads, alleys, and curb and gutters are
being installed to warrant such sustainable replacement. These impermeable areas are
not addressed adequately in terms of watershed management and urban runoff
pollution mitigation.

An agency can relatively easily control the implementation of post-
construction BMPs on individual parcels, but addressing runoff from the
transportation infrastructure is difficult. An individual parcel can be considered a
point source with a property owner and a few controllable points of discharge. Our
transportation-scape is harder to control with many more points of discharge, with
large inputs of runoff and varying concentrations and types of pollutants from private
parcels, and with extensive pollution from vehicles, probably the most widespread
sources of pollutant — oil and grease, and heavy metals. Developing a strategy to
address urban runoff pollution for this sector of land use has daunting challenges,
especially for municipalities with limited funds and expanding pollution control
regulations, e.g. TMDLs.

This presentation describes the Bicknell Avenue Green Street Project as a
unique demonstration project whereby the transportation infrastructure can be
modified to become more sustainable, incorporating LID and BMPs. Bicknell
Avenue is a built-out, highly urbanized residential-commercial street that was
retrofitted to harvest all dry weather and most wet weather runoff into the parkways
and under the road, resulting in a number of benefits: capturing and infiltrating storm
water into the ground, keeping a pollution source out of the bay, reducing
impermeable surfaces and the resultant pollution and heat island effect, and creating
an inviting atmosphere for local residents.

These types of projects demonstrate the City’s commitment to LID principles
to reduce runoff pollution and improve environmental health, to its Sustainable City
Plan, and to creating more open space in a built-out urban setting. This project was
designed to work with nature to harvest runoff for infiltration and improve water
quality of local water bodies. Lastly, the City has also drafted a 5-year LID plan to
promote numerous structural BMPs specifically for the transportation infrastructure
so that during routine roadway-parking city maintenance and upgrades, BMPs such as
permeable biofilters, gutters, intersections, alleys and parking lots will be installed.
Finally, the City hopes that other municipalities will learn from the City’s experiences
and follow in this sustainable path for the transportation infrastructure.

PROJECT OVERVIEWS

Statement of Project Purpose & Objective

Bicknell Avenue Green Street Project

This green street project installed a number of BMPs: impermeable roadway
asphalt surfaces were replaced with pervious concrete for the parking lane; parkways
were doubled in width (taking up some of the impermeable roadway) and depressed
to receive runoff from the curbs; gutter catch basins with filters were installed to pre-
treat the runoff and direct it to sub-surface infiltration chambers under the parking
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lanes; climate-controlled sub-surface drip irrigation systems; and climate-appropriate
plant species.

The City’s intent is to replicate this type of project wherever the opportunity
presents itself and given good economic indicators, such that when expanded to other
streets, alleys and parking lots, this BMP system can remove significant amounts of
runoff and its pollutants, and lead to a reduction in the number of pathogen
exceedences and corresponding beach postings at beach storm drain outlets, and
restore and protect the water quality and environment of local coastal waters,
estuaries and near shore waters of the Santa Monica Bay. Through this objective,
beneficial uses of the bay will be protected and preserved; and water quality
objectives will be achieved by reducing the pollutants of concern most common in
urban runoff: trash, debris, sediments, oil and grease, nutrients, heavy metals and
organics. In addition, this project will help the city