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EXECUTIVE SUMMARY

KEY FINDINGS AND EXERPTS

A flexible systemn will save taxpavers $1.8 billion,

A comparison of the probable tota] capital investment requirements for implementing the HHCTC Project as
an elevated railway using automated light metro technology or as a light rail transit system with surface-level

alignments where they are feasible and cost-effective is as follows:

Amaounits in Millions

Light Rail Savings

2

: Miisceflaneous :
83610 81790

Total .Prajéct-_fmp!emerif_atiun_Cos_t' -

Estimating Assumptions
All-in construction costs for civil, structural and systems works, as well as general and administrative

expenses, of:

$10 million for construction of an off-street Transit Center with bus-to-rail transfer facilities at Ala Moana
Center;

« $30 million per mile for single-track surface-level alignments in existing lanes of city streets;

+ $50 million per mile for double-track surface-level alignments in existing lanes of city streets or on

currently undeveloped land;

$70 million per mile for alignments involving earthen fill embankments;

$80 million per mile for alignments involving widening one side of an existing thoroughfare with built-up
land uses to create an additional lane;
s $90 million per mile for surface-level alignments where a median must be created along an existing

highway with built-up land uses on both sides of that highway:

$100 million per mile for creating a private right-of-way in a redevelopment area with existing land uses
that may be retained;
= $180 million per mile for single-track elevated structures; and

= $270 million per mile for bridges and/or double-track elevated structures.

Through adopting Light Rail technology for the HHCTC Project and by bringing approximately 52,500 feet
or about nine and nine-tenths (9.9) miles of its main line to the surface, including on-street alignments along
Dillingham Boulevard and extending through Downtown Honolulu to Ala Moana Center, as well as replacing

sixteen or more than two-thirds of its twenty-two massive elevated stations with simple surface-level stations



EXECUTIVE SUMMARY

In November 1999, in the Detailed Progress Report to City Council of what was then calied the Primary
Corridor Transportation Corridor Project, the City Administration’s consultants (who continue to work on the
HHCTC Project) reported that:

“Rather than considering transit technologies entailing massive and costly elevated structures and tunnels,
the Primary Corridor Transportation Project is considering transit alternatives that can occur at-grade
and fit within existing transportation rights-of-way. Built at @ more human scale, such alternatives
can preserve the City s neighborhoods and protect the environment while stimulating growth in desired
areas. To meet established needs, mobility is now mixed with livability goals. Within this broader
context is recognition that a network of transit-oriented improvements fitting the mobility needs and

growth — ar non-growth — objectives of each isiand community is best.”

Those observations, pertinent almost a decade ago, are even more pertinent in today. Compared with the
Elevated Railway currently being pushed forward by the City Administration in a “rush to judgment”
intended to ensure its de facto and non-reversible implementation regardless of public concerns about its
advisability, a Light Rail solution is the best way forward for achieving the mobility and livability needs of
Honolulu’s community at large — residents, businesses and employees, educational institutions and students,
entertainment venues and their audiences, hotels and restaurants and their guests, military installations and
their personnel, sports centers and their fans, and even fourists on holiday “In Qur Island Paradise,” all will
benefit most from the adoption Light Rail. (Page 63)



Chapter 1:Summary Description of Henolulu High-Capacity Transit Corridor Project

SUMMARY DESCRIPTION OF HONOLULU HIGH-CAPACITY TRANSIT CORRIDOR PROJECT
AND ITS CURRENT STATUS

Honolulu High-Capacity Transit Corridor (HHCTC) Project

The City and County of Honolulu, acting through its Department of Transportation Services, proposes to
construct and operate an automated elevated railway along the Leeward Coast of O*ahu to connect West
Kapolei with Downtown Honolulu and the University of Hawai‘i-Manoa and Waikiki on the Diamond Head
side of the island. The initial segment of the Elevated Railway would extend for approximately twenty miles
from East Kapolei through Downtown and Kaka‘ako to Ala Moana. En route it would serve Waipahu, Pearl
City, Honolulu International Airport, Kapalarna, Chinatown and Kaka‘ako. The proposed alignment of the
initial segment of the Elevated Railway would be primarily along North-South Road, Farrington Highway,
Kamehameha Highway, HNL airport access roads, A*olele Street, Dillingham Boulevard, Ka‘a‘ahi Street,
Nimitz Highway, Halekauwila Street, Queen Street and Kona Street, along with placement of elevated

structures on connecting private right-of-ways.

CCH/DTS plans to open the East Kapolei to Ala Moana segment its Elevated Railway in stages between 2013
and 2018. The initial operating segment of the HHCTC Project is forecast to carry 95,700 passenger trips in
the year 2030. Its currently estimated construction cost is $5.4 billion. CCH/DTS proposes to finance this
amount by $4.0 billion collected by the State of Hawai‘i on behalf of CCH through a half-cent surcharge on

the general excise tax coupled with $1.4 billion in anticipated federal grants,

Draft Environment Impact Statement (DEIS)

CCH/DTS prepared a Draft Environmental Impact Statement DEIS) for the HHCTC Project, which was

made available for public review and comment during a 45-day period that ended on February 6, 2009. The
responses, verbal and written, received during that public comment period are being reviewed currently by the
US Environmental Protection Agency (EPA), Federal Transit Administration (FTA) and the City and County
of Honolulu’s Department of Transportation Services (CCH/DTS) and the latter’s project management and
engineering consultants. Amongst the parties that submitted comments critical of the HHCTC Project to
CCH/DTS and FTA were the Honolulu Chapter of the American Institute of Architects (AIA Honolulu) and
Kamehameha Schools (KS).

Issues Raised in Response to the DEIS by the US Environmental Protection Agency {EPA)

Region IX of the EPA, having responsibility for administration of the National Environmental Protection Act
(NEPA) with regard to the State of Hawai‘i, already has weighed in on the DEIS for the HHCTC Project. Ina
letter dated February 12, 2009 addressed to Region X of the FTA, which has the primarily responsibility for
reviewing the subject DEIS, Region IX of the EPA stated:



Chapter 1: Summary Description of Honolulu High-Capacity Transit Corridor Project

“While EPA supporis the goal of providing transporitation choices to the communities of O‘ahu, we have
some concerns related to wetlands, water quality, environmental justice, and noise impacts. EPA has

rated this document EC-2, Environmental Concerns, Insufficient Information.”
In addition, both it its letter to FTA and in its detailed comments on the subject DEIS, EPA stated:

“While we believe that most of the alternatives eliminated prior to the DEIS are documented
sufficiently, we have remaining questions about why light rail or bus rapid transit in an exclusive right-

of-way were not considered as reasonable alternatives in the DEIS. "
In this regard, the EPA made the following recommendation to FTA:

“Include additional information in the FEIS explaining why light rail or bus rapid transit in an exclusive
right-of-way were not considered to be reasonable alternatives and were therefore nof reviewed in the
DEIS. If these technologies may have resulted in fewer environmental impacts, further justification

is warranted to substantiate why those less damaging alternatives were not carried through for

consideration. ™

A Final Environmental Impact Statement (FEIS), responding to the recommendations of EPA and FTA, will
be prepared by CCH, reviewed by the two federal agencies for responsiveness and legal compliance, and
published by FTA by the end of 2009 or in early 2010. This action will set the stage for FTA to rank the
HHCTC Project in accordance with its New Starts Criteria and then issue a Record of Decision (ROD) that

will determine whether or not the project is recommended for federal assistance.
(See Appendix A-1 for February 12, 2009 Letter from Region IX EPA to Region IX FTA))

Non-Compliance of DEIS with Notice of Intent Published by FTA in the Federal Register on March 15. 2007

An issue relating to the eligibility of the HHCTC Project for receipt of federal grants is the City
Administration’s non-compliance with the requirements of the Notice of Intent to Prepare an Environmental
impact Statement for High-Capacity Transit Improvements in the Leeward Corridor of Honolulu, HIL
published in the Federal Register / Vol. 72, No. 50 / Thursday, March 15, 2007 (Pages 12254 to 12257). This
notice required that, in addition to 2 No Build Alternative, the subject DEIS address the following:

“Fixed Guideway Alternatives, which would include the construction and operation of a fixed guideway
iransit system in the corridor between Kapolei and UH-Manoa with a branch to Waikiki. The draft EIS
would consider five distinct transit technologies: Light trail [sic] transit, rapid rail transit, rubber-tived
guided vehicles, a magnetic levitation system, and a monorail system. Comments on reducing the range
of technologies under consideration are encouraged. Both alignment alternatives {Airport and Salt Lake

Boulevard] would operate, for the most part, on a transit-guideway structure above the roadway with
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some sections at grade.”

In contrast with the requirements published in the Federal Register, the DEIS prepared by CCH/DTS and
submitted to FTA addressed only the following alternatives:

No Build Alternative
« Fixed Guideway Transit Alternative via Sait Lake Boulevard (Salt Lake Alternative)

o

» Fixed Guideway Transit Alternative via the Airport {Airport Alternative)
» Fixed Guideway Alternative via Airport and Salt Lake (Airport & Salt Lake).

None of the these alternatives discussed technology options that exist for the HHCTC Project nor the
significant issue raised by EPA about whether any of the technologies not addressed in the DEIS may have
resulted in fewer environmental impacts and “.. why those less damaging alternatives were not carried

through for consideration.”

The failure of CCH to produce a DEIS compliant with the Notice of Intent which it and the FTA published
in the Federal Register opens up the possibility, indeed high likelihood, that parties opposed to the HHCTC
Project will take legal action in the Federal Courts to seek a restraining order based on procedural error
against CCH and FTA in the event that the latter grants a favorable ROD based on the DEIS.

(See Appendix A-2 for March 13, 2007 Notice of Intent published in the Federal Register.)

Recent Actions by Citv Administration to Advance the HHCTC Project

Not wishing to wait out the DEIS process and the FTA’s determination about whether or not the HHCTC
Project is found to be qualified for federal funding, the City Administration has announced its intention to
proceed with construction of an initial segment of its First Project between East Kapolei and Peart Highlands
in Pearl City, a distance of approximately six and one-half (6.5) miles that would contain seven stations.

The intent is to construct this portion (normally referred to as a Minimum Operable Segment or MOS) as

an elevated railway using automated fight metro technology and to open it for passenger-carrying service in
2013. The remainder of this First Project, serving Honolulu International Airport and Downtown en route to
Ala Moana, is proposed for completion and the commencement of passenger-carrying service over the full

length of the Elevated Railway no earlier than 2018.

CCH proposes to finance the construction of the East Kapolei-to-Pearl Highlands segment of its Elevated
Railway project using local funds, i.e., withowt federal assistance. Federal funding for the remainder of its
First Project -- the remaining thirteen and one-half miles of line between Pearlridge and Ala Moana Center.
As discussed above, this speculative assumption is entirely dependent upon the issuance of a favorable ROD
by the FTA and the subsequent entering into a Full Funding Grant Agreement (FFGA) between the United
States Department of Transportation (USDOT) and the City and County of Honolulu (CCH).

10
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Future Technology Options

In response to criticisms of the DEIS by parties that submitted comments for the record, in particular that
it addressed only alignment alternatives for an elevated railway and not technology alternatives, the City
Administration has said that future segments of the First Project could be built using a different steel wheel-
on-steel rail technology, such as Light Rail using low-floor rolling stock. The likefihood of it ever occurring

is most improbable,

The reasons that changing the technology during the First Project’s implementation (or that of future

extensions) would be all but impossible to achieve — other than at great expense — are:

1. The seven stations along the initial segment (East Kapolei to Pearl Highlands) of the Elevated Railway
are to be constructed with high-level platforms incompatible with low-floor light rail vehicles;

2. The roliing stock of the Elevated Railway would be built with high-floors matching the high-level station
platforms. be equipped only with third rail contact shoes {no pantographs), and have fully-automated
contro} {no provisions for manual control under normal operating conditions); and

3. The maintenance and storage facility would be designed and constructed to maintain and store high-floor

automated light metro vehicles, not low-floor light rail vehicles capable of being controlled manually.

In essence, by proposing to use local funds to begin the implementation of its plan to build an elevated
railway using automated light metro technology along the Leeward Side of O*ahu, the current City
Administration would commit the technology of the HHCTC Project in a manner that will effectively
prectude any subsequent City Administration from adopting light rail technology as its construction advances
towards Downtown and Ala Moana Center. If implemented, it also will doom any future extensions of the
fixed guideway transit system to either to the construction of environmentally-damaging elevated structures
and aerial stations or to isolated feeder services connecting with the Elevated Railway, be they Light Rail or
Bus Rapid Transit, that would deny passengers the advantages of “one seat rides™ and thereby discourage
ridership levels compared with those which could be achieved with an integrated system using more flexible

Light Rail technology.

11



Chapter 2: Objectives of This Report

OBJECTIVES OF THIS REPORT

Kamehameha Schools (KS) decided to engage the author of this report as a consuitant to help it determine
the whether there is sufficient justification to determine the practicality of an ideal transit delivery system
and associated vehicles that would provide sufficient flexibility to permit the significant segments of HHCTC
Project to be built at-grade where appropriate, with the objective of increasing its overall effectiveness while
reducing capital investment requirements; i.e. explore options to develop a “Best Fit for Honolulu™ based on
Light Rail technology.

As part of this report, K8 requested commentary upon the relative economic, social / community, cultural,
and environmental aspects of Transit-Oriented Development (TOD) potentials at its landholdings (and in
general terms those of other stakeholders) between exclusively or primarily elevated railway systems versus
light rail transit systems involving a mixture of at-grade alignments (including exclusive or fenced-in private
rights-of-way, open private rights-of-way with grade crossings, medians, transit malls, transit-only lanes and

mixed traffic lanes) and elevated structures.
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ACCEPTED DEFINITIONS OF HEAVY RAIL, LIGHT METRO AND LIGHT RAIL AS DISTINCT
FIXED GUIDEWAY TRANSIT SYSTEM TECHNOLOGIES

There has been a tendency in the documentation describing the HHCTC Project to refer to it generically as a
fixed guideway transit system or as “Light Rail,” without defining precisely what these terms mean. To avoid
confusion, this report uses the following terminology as defined by organizations and engineers with national
and international repute: American Public Transportation Association (APTA); Transportation Research
Board (TRB) and International Public Transport Association (UITP).

The TRB definitions are particularly succinct:

» Heavy Rail: A Thigh capacity] transit mode that operates on fully grade separated (separated from street
level) ‘rights-of-ways.” Unlike generic LRT, many metros, including monorail, are proprietary transit
systems and cannot share their ROW with other transit modes including other metros!

- Light Metro: A transit mode that operates on a fully grade separated (separated from street level) ‘rights-
of-ways.’ Unlike generic LRT, many metros, including monorail, are proprietary transit systems and cannot
share their ROW with other transit modes including other metros. Light Rail systems that operate on grade
separated ROWSs are more commonly referred to as Light Metros.

+ Light Rail Transit: A streetcar system that has extensive priority signaling at intersections and at least 30%

of its route operating on ‘reserved rights-of-ways.” LRT may be grade separated but must retain the ability

to operate in mixed traffic.

The fixed guideway transit system technology that CCH proposes employ for its HHCTC Project is automated
light metro, not light rail transit. As such, the infrastructure and vehicles of the Elevated Railway will Tack
the flexibility to operate at-grade on either exclusive transit-only lanes or in mixed traffic. This limitation

has significant impacts on the capital investment required to implement the Project, on both its operating and

maintenance (O&M) costs and its long-term subsidy requirements, and on the environment.
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Chapter 4

ADVANTAGES (+) AND LIMITATIONS OF EACH STEEL WHEEL-ON-STEEL RAIL MODE

Significantly 1efsssap aﬁ:mv :

alignments compared to
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Chapter 5: Capacity Comparisons of Heavy Rail, Light Metro and Light Rail Modes

CAPACITY COMPARISON BETWEEN LIGHT METRO AND LIGHT RAIL

The use of Light Rail technology would meet the projected peak period ridership volumes, both near-term
and long-term, of the Honolulu High-Capacity Transit Corridor Project as set forth in the Draft Environmental
Impact Statement (DEIS). Specifically, light rail vehicles (LRVs) operating in two-car consists at three-
minute headways can meet or exceed the capacity criteria of 8,100 passengers per hour per direction (pphpd)
called for in the recently-issued Request for Proposals (RFP) for the Core Systems Design-Build-Operate-
Maintain (DBOM) Contract. As with the currently proposed use of automated light metro technology for the
HHCTC Project, in the distant future, LRVs operating at three-minute headways in either two-car or three-car
consists — depending upon the length of individual cars - can provide a minimum passenger carrying capacity
of at least 12,000 pphpd - in excess of the maximum two-hour peak period link volume projected for the
Elevated Railway in the year 2030,

In summary, there is no difference between the Light Metro and Light Rail modes in the number of people

who can be transported per hour in one direction along a single track.
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THE CASE FOR LIGHT RAIL IN HONOLULU

The Honolulu High-Capacity Transit Corridor (HHCTC) Project, as presently designed, is a capital-intensive
project. This is a result of the selection of automated light metro technology — with its inherent inflexibility
with respect to possible alignments ~ resulting in an almost all-elevated railway extending along the Leeward
Side of O*ahu from virtually from one end of the island to the other. With a proposed initial 20 miles-long
route extending from East Kapolei through Downtown to Ala Moana, the project wili require substantial
investment in public funds; be they derived from local, state or federal sources, whether financed on a pay-as-

you-go basis, through revenue anticipation bonds, or periodic receipt of grants.

At the present time, the HHCTC Project has a projected capital investment cost of $5.4 billion and a planned
completion date of 2018, almost a decade into the future. If the requisite funding materializes and the project
is constructed as presently contemplated, it is anticipated that it will provide an end-to-end (East Kapolei

to Ala Moana Center) on-vehicle running time of 42-44 minutes with an average speed of approximately

30 miles per hour. The Elevated Railway, with its planned 21 or 22 stations, is projected to carry 95,400
passengers (one-way trips) by the year 2030.

Given the high level of capital investment required, equating to approximately $56,600 per passenger trip
carried on a typical weekday (Mondays through Fridays) in the year 2030; if one assumes that ninety percent
(90%) of the projected weekday riders will be making two-way trips and the remaining ten percent (10%)
will be making one-way trips, approximately 52,500 individual persons would be likely to use the Elevated
Railway on a typical weekday. When the latter is compared with the $5.4 billion currently estimated as
implementation cost of the HHCTC Project, the projected capital investment per person likely to use the
Elevated Railway on a typical weekday equates to $102,500.

It is questionable whether or not that level of capital investment per projected rider will satisfy the New
Starts Criteria of the Federal Transportation Administration (FTA). Failure to do so could result in the FTA
assigning a “Low” ranking to the HHCTC Project, tanrtamount to “Not Recommended” and making it de
facto ineligible for federal financial assistance. If that were to occur, particularly if CCH were to embark on
constructing a segment of the current project without having received a Letter of No Prejudice (LoNP) from
FTA committing the Federal Government to recognize specified local and/or state expenditures as matching
shares towards federal grants, Honolulu might be forced to either abandon the HHCTC Project or complete
part of it — perhaps in very abbreviated length - entirely with local funds.

For example, in 2006, the FTA gave a “Low” ranking to the Triangle Transit Authority’s proposed commuter
rail project that would have connected the North Carolina cities of Raleigh and Durham. That project had

a proposed capital investment cost of $500 million and a projected weekday ridership of 9,500 one-way
passengers, both numbers being approximately ten percent (10 %) of the comparable values of the HHCTC

Project.

16
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After the FTA rating was announced, TTA abandoned the commuter rail project; its successor agency, the
Research Triangle Public Transportation Authority {dba as “Triangle Transit™), is now in the early stages

of developing a light rail transit project in the same corridor, hoping that, through reducing the capital
investment requirements while at the same time increasing the ridership projections, it may satisfy FTA’s New
Starts Criteria and obtain a “Medium” or “High” rating that will qualify for substantial federal assistance in
the future.

17



Chapter 7: Inserting Light Rail Transit into Honolulu's Urbanized Communities

INSERTING LIGHT RAIL INTO HONOLULU’S URBANIZED COMMUNITIES

The feasibility of developing a Light Rail system to serve an urbanized area like the City and County of
Honolulu is dependent upon the compatibility and practicality of inserting the new infrastructure into existing
urban spaces and land uses, as well as those that may be developed in the future. Initial focus is often on the
effects on existing and projected motor vehicle and pedestrian movements along a given thoroughfare or in
an area under study for possible introduction of surface-level Light Rail operations, be they in malls restricted
to transit vehicles and pedestrian movements, in transit-only lanes along city streets, or in traffic lanes shared

with motor vehicles and bicycles,

However, to make such as determination, considerations must be given to the topography along a proposed
route; natural features such as bays, harbors, rivers and streams; existing street patterns; building line-to-
building line street widths; the number of and width of traffic lanes; placement and width of sidewalks and
crosswalks; requirements for motor vehicle and pedestrian access to and from commercial and residential
buildings, as well as to other activity centers such as hotels, sporting events and entertainment venues;
governmental buildings such as city halls, post offices and the like; public safety installations such as police
and fire stations; hospitals and dispatch locations for emergency medical services; military installations;
landmark buildings, statutes, fountains and historical protected sites; beaches, parks, zoos and other sites of
recreational activities; preservation of existing tree cover along thoroughtares; and avoidance, minimization

or mitigation of adverse environmental impacts wherever possible.
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LIGHT RAIL DESIGN CRITERIA SUITABLE FOR HONOLULU

These considerations — the pass or fail determinants of whether or not it is physically possible and feasible
from an overall functionality standpoint to introduce a Light Rail line in a given corridor - requires
identification of achievable design criteria for infrastructure and rolling stock (transit vehicles) and testing

those criteria against mandatory site-specific requirements.

Before proposing locations where the HHCTC Project can be brought to the surface, it was necessary

to identify general design criteria for Light Rail infrastructure and vehicles that would be applicable to
Honolulu’s environment. The criteria adopted in this “Proof of Concept” report have been drawn from
that prepared for CCH/DTS by its consultants and released by CCH with a Request of Information (RFI)
from potential fixed guideway suppliers. That solicitation was accompanied by a First Project Systems
Characteristics Information Package that limited acceptable technology offerings to those with third rail
traction power distribution (no Overhead Contact System), stations with high-level platforms, and fully

automatic train operation.

While based in large measure on the City’s RF1, its requirements have been modified and supplemented in
this report to reflect those of a light rail transit system — as distinct from an automated light metro — with

the capability of operating on surface-level alignments, as well as on private rights-of-way and elevated
structures; they are provided in considerable detail in the body of this report. Suffice to say, they are suitable
for use in Honolulu and are comparable to those employed on numerous over Light Rail projects in North

America and overseas.

(See Appendix A-3 for Light Rail Design Criteria Suitable for Honolulu.)

19



Chapter 9:Wireless Traction Power Distribution

WIRELESS TRACTION POWER DISTRIBUTION

This report recommends that a form of “wireless” Light Rail technology be employed where the Light Rail
alignment is in ¢ity streets or transit malls, on elevated structures and elsewhere on the HHCTC Project —at a

minimum from the Waipahu Transit Center Station through Downtown Honolulu to Ala Moana Center.

In city streets and along the Hotel Street Transit Mall, as well as an alternate for elevated structures and
private rights-of-way, an intermittent source of traction power, such as the service-proven APS technology
developed by Alstom for Bordeaux, France and subsequently adopted by three other French cities and Dubai
or competitive systems on offer from AnsaldoBreda, Bombardier, CAF, Siemens and others, could be used in

connection with Light Rail.

Alternatively, along elevated structures, a wireless system of traction power distribution would obviate the
need for catenary, supporting poles or masts, and associated bracket arms or span wires running from one
side of the guideway to the other. A constantly energized third rail — located either to the side of the tracks or

between the running rails - could be employed.

(See Appendix A-4 for Transportation Research Board Report 1607 - Dual Mode Traction Power Distribution
for Light Rail Transit: A Design Option.)

Alternatively, an intermittent source of traction power, such as the service-proven APS technology developed
by Alstom for Bordeaux, France and subsequently adopted by three other French cities and Dubai or
competitive systems on offer from AnsaldoBreda, Bombardier, CAF, Siemens and others, could be used by
the HHCTC Project in connection with Light Rail. In either case, the aesthetic, environmental and safety
considerations of Light Rail would not differ in any significant way from that currently planned by CCH/DTS
and its consultants for the Elevated Railway.

In either case, the aesthetic, environmental and safety considerations of the traction power distribution system
proposed for Light Rail would not differ in any significant way from that currently planned for the Elevated
Railway.
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POTENTIAL FOR SURFACE-LEVEL LIGHT RAIL ALIGHMENTS IN HONOLULU

The City Administration proposes to build an initial phase (normally referred to as a Minimum Operable
Segment or MOS) extending in the Diamond Head direction for approximately twenty miles from East
Kapolei through Downtown and Kaka‘ako to Ala Moana Center. En route it would serve Waipahu, Pearl
City, Honolulu International Airport, Kapalama, Chinatown and Kaka*ako. The proposed alignment of the
initial segment of the Elevated Railway would be primarily along North-South Highway, Farrington Highway,
Kamehameha Highway, HNL airport access roads, A‘olele Street, Dillingham Boulevard, Ka‘a‘ahi Street,
Nimitz Highway, Halekauwila Street, Queen Street and Kona Street, along with placement of elevated

structures on connecting private right-of-ways.

A detailed examination of the full length of the proposed alignment of the HHCTC Project, conducted on
foot in urban areas where street layouts and adjacent land uses present challenges, revealed that adoption of
Light Rail technology for the First Project (and its likely future extensions) is both practical and feasible. As
discussed elsewhere in this report, the flexibility of Ligbt Rail -~ permitting it to be deployed on a variety of
alignments, each best suited to site-specific conditions — and its robust passenger-carrying capacity made this

steel wheel-on-steel rail mode ideally suited for Honolulu.

Using the general design criteria suitable for development of a Light Rail system discussed above and in
Requirements for Inserting a Light Rail Transit System into Honolulu’s Urbanized Communities of this
report, the consultant examined the entire alignment of the proposed HHCTC First Project to look for
opportunities to “bring it down to earth,” with a view towards achieving cost-effective trade-offs between

capital investment {(construction cost} and schedule speed, as well as to avoid adverse environmental impacts,

Inasmuch as CCH proposes to construct its First Project in a series of segment, the author of this report
has identified the opportunities for implementing surface-level Light Rail in the following line segments,
including alternative routing options, in a similar matter. The candidate segments examined, with a discussion

of their potential for use as part of a Light Rail system, are:

East Kapolei to West Loch {Waipahu)

With the adoption of Light Rail technology, the HHCTC Project can be constructed at-grade between East
Kapolet and the West Loch area of Waipahu following virtually the same horizontal alignment as the proposed
Elevated Railway.

From the very beginning of the First Project at East Kapolei, it would be feasible to locate the LRT alignment
and the East Kapolei Station in either 2 median of North-South Road or on the roadway’s makai-side (ocean
side) adjacent to its northbound lanes. The East Kapolei Station would be constructed on the surface with a

low-level center platform matching the floor height of low-floor light rail vehicles.
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Following a surface-level alignment comparable to that engineered for the HHCTC Project, Light Rail would
curve through former agriculture lands while remaining in a median of or adjacent to the new North-South
Road being built under the Ho*opili Master Plan. Its University of Hawai'i West Ofahu Station would be
constructed in the roadway median with a low-level center platform, instead of with two side high-level

platforms and a connecting mezzanine spanning the roadway proposed for the Elevated Railway.

The proposed Light Rail alignment would continue on the surface through the former agricultural lands in
medians of or adjacent to new roadways to be constructed in general accordance with the Ho'opili Master
Plan, to the Ho‘opili Station, a low-level center platform. Continuing Diamond Head, the proposed Light Rail
alignment would continue on the surface in the median of the new roadway to be built through the former
agricultural lands to Farrington Highway, which it would bridge. At this point, 4 junction would be located
connecting the main line LRT tracks with a Kapolei-direction spur track leading from and to a maintenance
facility and storage yard (Yard and Shops Facility) to be constructed on the mauka-side of Farrington
Highway.

After crossing to the north side of Farrington Highway, the proposed Light Rail alignment would continue
on earthen fill embankments towards West Loch and then bridge over the westbound lane(s) of Farrington
Highway to come to grade in the highway’s median just west of Fort Weaver Road. As the result of being on
the surface in the median of Farrington Highway, the LRT tracks would be able to pass under Fort Weaver
Road.

This area of the Light Rail alignment would be in marked contrast with the Elevated Railway, which would
ascend a three percent {(3%) grade to obtain sufficient clearance to pass over Fort Weaver Road at an elevation
approximately 60 feet above Farrington Highway and then descend a five percent (5%) grade before entering
the West Loch Station. An apt comparison between the vertical alignments proposed at this location for Light
Rail and that engineered for the Elevated Railway is one of the former going down a steady grade and latter

involving a roller coast ride.

After passing under Fort Weaver Road in the median of Farrington Highway, this segment of the proposed
Light Rail line would have a level crossing with Leoku Street and continue 1o a West Loch Station on the
‘Ewa-side (western) side of the intersection of Farrington Highway with Leokane Street. This station wouid
be constructed in the roadway median with a low-level center platform; it may be desirable to include an
ADA-compliant footbridge spanning Farrington Highway in the design of this station to facilitate bus-to-rail
and vice versa transfers with buses operating along Fort Weaver Road to and from “Ewa Beach.

A Diamond Head-direction (eastern) shift of the location of the West Loch Station is recommended because
of concerns about pedestrian safety that would arise — whether the station is elevated above Farrington
Highway or in its median — because of the proximity of the highway ramps connecting Fort Weaver Road and

Farrington Highway; this concern is discussed further in Transit-Oriented Development Possibilities — Light
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Rail Transit versus Elevated Railways of this report.

Including the recommended eastwards shift of the location of the West Loch Station, the entire length of the
East Kapolei to West Loch segment of the HHCTC Project would be approximately19,600 feet or about three
and seven-tenths (3.7) miles. Of this distance, approximately 17,100 feet or about three and three-tenths (3.3)
miles would be constructed on the surface or on earthen fill embankments with the adoption of Light Rail
technology; the approximately 2,500 feet or less than one-half (0.5) mile remaining would be constructed on

bridges or elevated structures passing over Farrington Highway.

West Loch to Waipahu Transit Center (Mokuola Street)

Continuing in the median of Farrington Highway towards Diamond Head, the proposed Light Rail alignment
can be constructed on the surface to the Waipahu Transit Center Station, located between Waipahu Depot
Road and Mokuola Street. This station would be constructed in the roadway median with a low-level

center platform, instead of with two side high-level platforms as proposed for the Elevated Railway. An
ADA-compliant footbridge spanning Farrington Highway would be provided in the design of this station to
facilitate bus-to-rail and vice versa transfers with buses using the Transit Center, to be located on the makai-
side of Farrington Highway, or to provide access to and from Hikimoe Street.

The distance between the surface-level West Loch and Waipahu Transit Center Stations would be
approximately 5,700 feet or about one and one-tenth (1.1) miles, all of which would have an at-grade Light

Rail alignment in the median of Farrington Highway.

Waipahu Transit Center via Leeward Community College to Pearl Hichlands

Diamond Head of Mokuola Street, land-uses in Waipahu adjacent to Farrington Highway shift from being
predominantly commercial to predominantly residential, closing in on the roadway as it passes over the
drainage canal located a short distance west of Awamoku Street. By the time Farrington Highway reaches
Pawa Street, about 1,200 feet east of the drainage canal, the roadway is on a steeply ascending grade. These
factors, in combination, make it appropriate for the Light Rail line to transition from an at-grade alignment in

the median of Farrington Highway to an elevated structure located above it.

After crossing Mokuola Street at-grade, the Light Rail alignment would begin a transition from the highway’s
median onto an elevated structure. Within a distance of approximately 1,700 feet and at an average gradient
of about two and thirty-five hundreds percent (2.35%6), the Light Rail alignment would reach a top-of-rail
elevation of 30 feet above the intersection of Farrington Highway and Pawa Street (which is about 10 feet
higher than the intersection of Farrington Highway and Mokuola Street). Beyond Pawa Street, the proposed
vertical alignment of Light Rail elevated structure would continue rising above Farrington Highway until

matching the vertical and horizontal alignment proposed for the Elevated Railway; at this point it would be on
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a four and two-tenths percent (4.2%) ascending gradient.

The Light Rail alignment would remain on elevated structure above Farrington Highway for approximately
1,300 feet, where it would curve over the eastbound lanes of Farrington Highway onto a surface-level right-
of-way extending approximately 4,100 feet or about eight-tenths (0.8) of a mile to the Leeward Community
College Station.

DEIS identified two potential sites of a maintenance facility and storage yard for the HHCTC Project, one

in Ho*opili on the mauka-side of Farrington Highway and the other near Leeward Community College. This
report finds the Ho‘opili site superior to the LCC site as the location of a2 Yard and Shops Facility, being
preferable from an operational standpoint as well as for environmental reasons. In particular, the position of
the LCC site, overlooking Pearl Harbor and sandwiched between Leeward Community College and Waipahu
High School, would make its use more suitable as parkland or for other recreational purposes as opposed to a
rail transit facility — regardless of technology — that would be active 24 hours per day/365 days per year.

With Light Rail, the Leeward Community College Station would be constructed at-grade with two side
platforms. However, while Light Rail would not involved fully-automated train operations or require high-
level platforms, the passenger access across the tracks would be provided via a simple crosswalk at one or
both ends of the westbound station platform; in contrast, the Elevated Railway — even with a surface-level

station ~ would require either a pedestrian overpass or underpass to assure the safety of passengers.

Continuing Diamond Head from the Leeward Community College Station, the proposed Light Rail
alignment would transition from the surface onto an elevated structure in the same manner as the Elevated
Railway. This elevated structure would extend to the Pearl Highlands Station, which would be located

above Kamehameha Highway. En route, it would pass over Ala lke Street, the eastbound ramp connecting
Farrington Highway with the H-1 Freeway, the H-1 Freeway and its ramps connecting with the H-2 Freeway
and Farrington Highway, the eastbound lanes of Kamehameha Highway and Wai‘awa Stream before reaching
the Pearl Highlands Station. This side platform elevated station, with a mezzanine connecting to the mauka-
side of Kamehameha Highway and into a large park-and-ride lot, is proposed to displace the so-called

“Banana Patch” residential housing area (a location with significant environmental justice issues).

The distance between the Leeward Community College and Pearl Highlands Stations would be approximately
2,300 feet or a little more than four-tenths (0.4) of a mile, all but approximately 200 feet of which would be
on elevated structures necessitated by the complex highway interchange connecting Farrington Highway, the

H-1 and H-2 Freeways and Kamehameha Highway.

The distance between the Waipahu Trangit Center and Pear] Highlands Stations would be approximately 9,800

feet or about one and nine-tenths (1.9} of a mile.
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Pearl Highlands via Honolulu International Airport to Middle Street

Because of the built-up land uses adjacent to Kamehameha Highway, the H-1 Freeway and A‘olele Street,
including military facilities and the airport and taking into to account the need to pass over the H-1 Freeway
and highway ramps connected to it, attempting to create a surface-level Light Rail alignment in this area does
not appear to be feasible or cost-effective in the nine-mile portion of the route between its Pear] Highlands
Station and the Middle Street/Kamehameha Highway/Dillingham Boulevard intersection.

In no way does this conclusion preclude the adoption of Light Rail technology for the HHCTC Project.
Low-floor light rail vehicles, because of their innate flexibility, can operate on elevated structures and serve
elevated stations (providing that the latter are not built with high-level platforms) just as easily as the rolling
stock of an automated light metro, running at the same speed and providing the same passenger-carrying
capacity.

There is one exception to this report’s conclusion that the Pearl Highlands to Middle Street segment should
be built on elevated structures and with elevated stations if Light Rail technology is adopted for the HHCTC
Project. That exception would occur on the Diamond Head-side of Honolulu International Airport where the
Elevated Railway would cross from the makai-side of A%olele Street to its mauka-side and then run parallel
to it to Lagoen Drive. By increasing the descending grade of elevated structure, in the range of 1,300 feet or
about one-quarter (0.25) of a mile of the alignment, including the Lagoon Drive Station, can be brought to
grade.

A probable layout for a surface-level Lagoon Drive Station, designed with low-level platforms, would be to
provide far-side platforms for each direction of travel at the Light Rail line’s level crossing of Lagoon Drive.
Compared with constructing even a “bare-bones” elevated station having only stairways and elevators for
ADA compliance, substantial construction and long-term operating and maintenance (O&M) can be achieved

if this option were 10 be adopted.

On the Diamond Head-side of Lagoon Drive, the proposed Light Rail alignment would ascend an average
grade in the range of two percent (2.0%) before passing over the Moanalua Stream at an elevation about

50 feet above its banks. At this point, the Light Rail elevated structure would be at the same height above
ground as that proposed for the Elevated Railway and would pass over the Makai Frontage Read, the Nimitz
Highway connectors and Middle Street to return to the right-of-way of Kamehameha Highway.

Middle Street via Dillingham Boulevard to Iwilei Road

Diamond Head of the Middle Street Transit Center, the Light Rail alignment would be brought to grade
between Middle Street and Pu‘uhaie Road using the flexibility of fight rail transit technology and continue

eastwards on a surface-level alignment all the way to [wilei Road. Transitioning from elevated structure, the
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L



Chapter 10: Potential for Surface-Level Light Rail Alignments in Honolulu

Light Rail line would be brought down to the surface of Dillingham Boulevard at an average grade of two and
five-tenths percent (2.5%) or less in approximately ,600 feet or about three-tenths (0.3) of a mile.

Currently, Dillingham Boulevard experiences frequent movements of articulated and conventional buses in
both directions on its curbside lanes during peak periods. Because these buses make frequent stops, motorists
tend to shun the curb lanes unless they are about to make right-hand turns into cross streets (such Pu‘uhale
Road, Kalihi Street and Alakawa Street) or into driveways.

Inasmuch as CCH/DTS proposes taking a ten-foot wide strip along the makai-side of Dillingham Boulevard
for the Elevated Railway, as shown on the DEIS drawings, such a roadway widening also could be used to
provide a restricted inbound curbside lane for the exclusive use of light rail vehicles, buses and emergency
vehicles; this would leave two inbound lanes for motor vehicle traffic traveling towards Downtown Honolulu

and other destinations in the Diamond Head-direction.

Alternatively, Light Rail tracks could be laid in the existing curbside lanes, where both LRVs and buses would
operate; the author of this report considers this sub-alternative to be undesirable unless the existing curbside
lanes can be restricted to transit and emergency vehicles, along with reducing the number of closely-spaced
bus stops (which increases running time significantly) and the coping with right-hand turns,

Along Dillingham Boulevard, with Light Rail tracks located in curbside lanes, a wireless system of traction
power distribution would obviate the need for catenary or trolley wire, supporting poles every 100-t0-200
feet, and associated bracket arms or span wires running from one side of the road to the other. Although
wireless systems cost more to install than overhead wire-based systems, they have significant environmental
benefits that would be particularly atiractive in Honolulu. In particular, Light Rail in combination with
wireless traction power distribution would permit curbside track placement without requiring the tree cover
existing aleng Dillingham Boulevard fo be cut back severely or removed entirely (as would be the case with

the proposed Elevated Railway).

With Light Rail and the much more affordable surface-level stations — both to build and to operate and
maintain over the long-term - that are inherent with its adoption as the technology of choice for cities like
Honoluly, comes the opportunity to provide more frequent stations in better locations that will encourage

higher ridership levels because of being closer to potential passengers origins or destinations.

Where a Light Rail line along Dillingham Boulevard is concerned, this report recommends that simple
curbside stations — similar to those found on Phoenix’s recently-opened and highly successful light rail transit
system — be located at Kalihi Street, Kohou Street and Alakawa Street, with a low-level platform, shelter, fare
vending/cancelling machines and informational displays being provided in a widened sidewalk on each side
of the thoroughfare for travel in that direction. It also recommends that the Iwilei Station be located on land
adjacent to the former Honolulu Station of the O*ahu Raiiway on the mauka-side of Iwilei Road.
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These surface-level stations, perhaps best thought of as enhanced and elongated bus stops, are envisioned as
follows:

« A curbside station located on the eastern side of Kalihi Street would serve walk-in ridership from the
neighborhood, the adjacent shopping center and passengers transferring to and from buses that run on Kalihi
Street. Colburn Street, located one block makai of Dillingham Boulevard with the shopping center fronting
on it, would be an ideal layover point for connecting bus lines. Kalihi Street - which has Transit-Oriented
Development (TOD}) potential - might prove to be a better location than the proposed Middle Street fora
Transit Center. [f that were found to be the case, it would be advisable to delete the isolated Middle Street
Station and replace it with one located at Pu‘uhale Road, which would attract walk-in riders from the
neighborhood and serve persons employed at or with business at the O*ahu Community Correction Center.

« Similarly, a curbside station located immediately west of Kohou Street and the Kapalama Stream would
encourage TOD in that area and also serve an existing satellite city hall located on the makai-side of
Dillingham Boulevard.

+ Alakawa Street, where Light Rail stations adjacent to the curb lane could be located in each direction
on the far side of its intersection with Dillingham Boulevard, would be a much better location to serve
both the Honolulu Community College (which has its main entrance close to the intersection) and the
highly-developed commercial and retail business located to the makai-side. Contrary to popular wisdom,
customers of retail outlets such as Costco and Home Depot will use public transit for shopping purposes
when it is convenient to where they intend to make their purchases and when they do not plan to be carrving
bulky items home. And in addition to such persons, there also are employees of such businesses that will
choose to use Light Rail for journey-to-work travel, compared with driving, when it is more affordable,

convenient and operates at times that coincide with their work schedules.

« Twilei, where an ideal Transit Center can be created adjacent to the former Honolulu Station of the O*ahu
Railway on land owned by the State of Hawai‘i. The O‘ahu Railway Station, an architecturally and
historically significant building constructed in 1925, still stands forlornly on the mauka-side of Iwilei
Road, its upper floor being used for state offices and its ground floor seemingly vacant. This location,
currently fenced-off on all sides, has ample room for both a surface-level Light Rail station and off-street
platforms and maneuvering space for buses that currently operate along North King Sireet and Iwilei Road.
Restoration of this site and its station building for use as a public transportation facility would respect
both this relic’s place in the history of O*ahu during the first half of the 20th Century and enable it to play
a vital role for Honolulu and the Island throughout the remainder of the 21st Century and bevond; it is an

opportunity not to be missed.

Summary: Constructing a surface-level Light Rail line along Dillingham Boulevard is feasible and could

be built in a manner that would not adversely affect motor vehicle traffic using that thoroughfare. Ideally,

27



Chapter {0: Potential for Surface-Level Light Rail Alignments in Honolulu

inasmuch as CCH/DTS plans to take a ten-foot strip along the makai-side of Dillingham Boulevard in order
to provide space for the support columns required by an Elevated Railway, this land-taking —should it occur
— can be devoted to creating a curbside inbound transit-only lane for light rail vehicles, buses and emergency
vehicles. Surface-level stations should be provided at Kalihi Street, Kohou Street and Alakawa Street to
better serve nearby residential neighborhoods and commercial and educational activity centers. In particular,
an opportunity would exist to coordinate Transit-Oriented Development (TOD) in the area between Kalihi
Street and the Kapalama Stream, where Kamehameha Schools has significant property holdings that would
benefit from enhanced access to Light Rail stations located along Dillingham Boulevard.

Iwilei Road through Downtown via Hotel Street Transit Mall to Ala Moana Center

Leaving the lwilei Transit Center Station at the former Honolulu terminal of the O‘ahu Railway, Light Rail
would curve towards Downtown into Iwilei Road, turn right into the center of North King Street, enter its
left-hand turn lane and cross over Nu‘uana Stream into the Hotel Street Transit Mall, which it would follow
to Richards Street. Two curbside Light Rail stations are proposed along the Hotel Street Transit Mall: in
Chinatown between River and Maunakea Streets; and at Hotel and Bishop Streets.

Although other on-street Light Rail alignment options between Richards Street and Ala Moana Center are
possible, the following appear to be particularly attractive:

+ Diamond Head-bound, from Hotel Street makai via Richards Street to South King Street, South King Street
to Kapi*olani Boulevard, and Kapi‘olani Boulevard to an off-street terminal in a Transit Center located
near the intersection of Kapi‘olani Boulevard and Atkinson Drive. Returning ‘Ewa-bound via Kapi®olani
Boulevard to South Street, South Street to South Beretania Street, South Beretania Street to Richards Street,
and Richards Street makai to Hotel Street; and

« Diamond Head-bound, from Hotel Street makai via Richards Street to Queen Street, Queen Street to
Ward Avenue, mauka via Ward Avenue to Kapi*olani Boulevard and Kapi‘olani Boulevard to an off-street
terminal in a Transit Center located near the intersection of Kapi‘olani Boulevard and Atkinson Drive.
Returning ‘Ewa-bound via Kapi‘olani Boulevard to Ward Avenue, makai via Ward Avenue to Queen Street,
Queen Street to Alakea Street, and Alakea Street mauka to Hotel Street.

By either routing, the distances between the Hotel Street Transit Mall and the Ala Moana Center area
primarily via Queen Street, Ward Avenue and Kapi‘olani Boulevard are approximately two and three-tenths

(2.3) miles with slight variations in each direction.
With the use of wireless traction power distribution, it would be feasible to construct the Light Rail tracks

along curbside lanes throughout its proposed alignment without causing significant damage to the beautiful

trees lining these thoroughfares. Because a centrally-located Light Rail median would not be required along
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Kapi‘olani Boulevard (as assumed in the 1999-era studies), the current practice of deploying traffic cones

during weekday peak hours to create “Zipper” lanes for motor vehicles could be continued.

Currently, Kapi‘olani Boulevard experiences frequent movements of articulated and conventional buses in
both directions on its curbside lanes during peak periods. Because these buses make frequent stops, motorists
tend to shun the curb tanes unless they are about to make right-hand turns into cross streets (such Ward
Avenue, Pensacola Street and Pi‘ikoi Street) or into driveways. Right-hand turns can be accommodated by
traffic engineering measures such as shifting the tracks outwards by one lane on the near side of selected
intersections, allowing curbside right-hand turn lanes to be created, or through the use of traffic light cycles

that preciude right-hand turns across the tracks when a light rail vehicle is present.

Simple stations - similar to those found on Phoenix’s light rail transit system — with low-level platforms,
shelters, fare vending and cancelling machines, and informational displays - would be placed near key

intersections in locations where they would not interfere with motor vehicle access to adjacent properties.

In both directions, considering destinations and origins within walking distance of stops either of these
alignments would serve the Post Office, the Neal Blaisdale Center, the Design Center, Nordstrom’s and
numerous office buildings, shops, and residential apartment houses and condominiums, and terminate {at least
initiaily) in a Transit Center on the makai-side of Kapi®olani Boulevard close to its intersection with Atkinson

Drive, a location convenient to both the Ala Moana Center and the Honolulu Convention Center.
Summary

With the use of Light Rail technoelogy, the first 20.5 miles of the HHCTC Project can be constructed as
tollows:

‘Line Segment Surface Elevated Total
East Kapolei to West Loch
West ‘to Waipahu Transit Center.
Wa;pahu Transﬂ Center to Pearl Highlands
Pear] Highlands via Airport to Middle Street
Middle Street to Iwilei Road
Iwilei Road to Hotel & Richard Streets
Hotel & Richards Sireets to Ala Moana Center
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As recommended in this report, 25 Light Rail stations would be located along the initial route of the HHCTC

Project as follows:

Off-Street Surface . Highway Median : . Street Sidewalk Elevated

East Kapolei West Loch Pu‘uhale Street Pearl Highlands
UH West O‘ahu Waipahu (Mokuola) Kalihi Street Peariridge
Ho'opili Kapalama Aloha Stadium
Leeward CC Alakawa Street Arizona Memorial
Lagoon Drive Chinatown Pear] Harbor
Iwilei Road Hotel & Bishop HNL Airport

Ala Moana Center King & Punchbowl (e.b.)

Beretania & Miller (w.b.)
Kapi‘olani & Ward
Kapi‘olani & Pi‘ikoi

Notes: e.b.assumes Ala Moana Center-bound routing from Hotel Street via Richards Sereet and South King Street to
Kapi'olani Boulevard
w.b. assumes ‘Eva-bound routing from Kapi'olani Boulevard and South Street via Alapai Street, South Beretania Street
and Richards Street 1o Hotel Street.
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COMPARATIVE IMPACTS OF AN ELEVATED RAHWAY VERSUS LIGHT RAIL IN HONOLULU

Cost/Benefit Tradeoffs

In nearly every category, an elevated railway — such as that proposed for the HHCTC Project - will have
greatéf négafive impacts than an at-grade light rail transit éystem. Advocates of the currently proposed

plan argue that the choice is between having an impactful elevated railway or nothing at all. The choice
should not be so simply drawn. Using the correct technology, Honolulu can achieve a “best fit” for its fixed

guideway transit system.

It would be untrue to argue that speed and efficiency are not worthwhile considerations. Honolulu probably
could not have an efficient transit system with positive cost/benefit ratio that would run entirely in mixed
traffic throughout the entire First Project, from East Kapolei through Downtown Honolulu to the Ala Moana
Center. Schedule speeds high enough to attract discretionary riders to a fixed guideway transit system are
unlikely to be achievable from a fully at-grade system running only in mixed traffic conditions,

The alternative proposal advanced in this report is for adoption of a system using Light Rail technology that
is capable of running either at-grade or on exclusive right-of-ways and elevated structures where appropriate.
The goal of this proposal is to achieve a value-for-money balance between the capital investment required to
construct a fixed guideway transit system and its ridership generation potential, the latter being de’fe;—mined
largely by its time competitiveness — both from station-to-station and from the potential rider’s point of origin

to his or her destination.

The negative impacts of the Elevated Railway would be felt most keenly in the more fragile, more intimate
urban environments Diamond Head of Middle Street, such as along Dillingham Boulevard, through

Downtown and its Waterfront, and bisecting Kaka‘ako en route to Ala Moana Center, F uture extensions to
UH-Manoa and Waikiki also are quite unsuitable for the construction of massive elevated railway viaducts
and large aerial stations. The choice of automated light metro-type technology, if perpetuated, will forever
prevent the system from coming to grade and operating in an open environment consistent with Honolulu's

urban scale.

In Kapolei and future extension areas, there is no Justification for the use of elevated structures. Cost
differentials between constructing an elevated railway versus an at-grade Light Rail system and such tmpacts
as storm water runoff and aesthetic impacts have not been adequately addressed in the DEIS. At the current
level of land development, and given available rights-of-way, significant cost and impact savings could be
realized by the ability to run at-grade in either exclusive, separated rights-of-way or through mixed traffic
areas when accessing stops at transit nodes. There is ample opportunity at this stage of development in the
‘Ewa plain for transit-oriented development (TOD) to be designed into new projects in a mutually beneficial

way using Light Rail.
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In the central portion of the proposed First Project, from West Loch to Middle Street, the level of automobile-
oriented development, speed, traffic volume and configuration of roadways, as well as the constrained

transit corridor, tend to favor the use of elevated guideways and aerial stations. This will vield the schedule
speed necessary for successful operation of the system. The impacts such as shading of guideway, viewshed
degradation, column placement conflicts and impacts to historic buildings, trees, etc. are much less in this
portion, given the existing conditions, particularly along Kamehameha Highway and through the Henolulu

International Airport.

The cost savings of constructing a fixed guideway transit system using the newest light rail transit technology
— in particular the potential for deploying a “wireless” system in environmentally-sensitive areas — will also
be felt in the preserved ability to add planned future extensions. The high cost and high negative impacts of

the currently proposed Elevated Railway may serve to preclude forever the building of any extensions

Aesthetic, Cultural and Environmental

Beautiful trees and plants, views of the ocean, bird life and sparkling sunshine, including the misting liquid
sort that provides rainbows, are the natural adornments of Hawai‘i. Extensive concrete viaduct structures
and football field-size aerial stations are the antithesis to any semblance of paradise. Honolulu simiply cannot
afford the disastrous aesthetic impact of a fully elevated transit system, particularly in the downtown and

Waikiki areas.

Size of the elevated structures and placement of their support columns and straddle bents has served to
constrain the choice of alignment, dictating that the proposed Elevated Railway will run along the waterfront
from River Street to Halekauwila Street. Thus, the small scale, harborside entrance to Chinatown at Nu’uanu
Stream will be shadowed by an elevated railway viaduct and each cross street will terminate with a view of

makai-side columns and guideway.

In contrast, a Light Rail system would pass through Downtown along Hotel Street, similar to the buses that
currently operate there. With the absence of overhead wires, and the much more silent running of the modern
light rail vehicles, noise and visual impacts could actually decrease on that street, and in any case, be far less
than the negative effects of elevated transit to the urban core. There would be no such impacts to any of the

historic or culturally significant buildings or landscape features alongside.

There were enough outcries over the previously proposed placement of the elevated Downtown Station

in front of the Aloha Tower that it has been moved to a new location beside the HECO power plant.
Unfortunately, however, the new location is directly adjacent to the historic Dillingham Transportation
Building. The Dillingham Transportation Building already suffers from being surrounded on three sides by
much larger structures; the proposed Elevated Railway will complete the enclosure by obscuring the fourth
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facade, and creating a tangle of columns and overhead structure, where Ala Moana Boulevard blends into
Nimitz Highway,

In the Ala Moana neighborhood and others, concerns for noise have been continually voiced. The impact will
be exacerbated by the elevated position of trains running at the level of adiacent condominiums and will be
heard by everyone. Light rail vehicles (LRVs) running at-grade through such close-in areas will have far less
noise impact. In point of contrast, Light Rail systems have been noted to be “too quiet.” Because they take
some getting used to by pedestrians due to sometimes not being audible within the ambient noise level, LRVs
are operated with caution in areas with dense pedestrian movements — such as transit malls — with occasional

use of gongs to get the attention of a non-observant person.

Environmental and aesthetic concerns inevitably merge. Halekauwila Street will suffer the loss of its
exceptional trees if the current project is constructed. Wherever the elevated alignment goes, it will destroy
trees along the right-of-way. The proposed future extension of the Elevated Raitway to UH-Manoa along
Kapi*olani Boulevard past McCully Street will take down a number of existing trees and the same is true

for Waikiki. The DEIS enumerates over 650 tree removals along the First Project alone and is woefully
inadequate in its graphic depiction of the result. It is far from clear that the citizens of Honolulu realize, or
would accept, the extent to which the proposed Elevated Railway will impact the trees of their city. It also
should be kept in mind that the DEIS lists direct tree removals, it does not indicate the many additional trees
that will eventually succumb to the ilf effects of trauma during the construction period and then shading by the

Elevated Railway’s guideway structure once it is in place.

Light Rail running along streets at-grade will impact very few trees. It is generally possible to provide modest
surface-level stations or stops (in lieu of massive aerial stations) without taking down any trees. A wireless
Light Raii system would run beneath the branches of most of the large trees to be encountered in Honolulu in
a manner no different than done currently by city buses. Indeed, it could run along streets with existing tree
cover by choice, in order to provide cool shade and a pleasingly beautiful experience of Honolulu for visitors

and residents as they make their daily trips.

In addition to their natural beauty, the trees of Honolulu provide other vital functions: they provide habitat for
birds and other animal life, including endangered species and their canopies help to cool the areas which they
shade and 1o provide transpiration with air cleansing properties. Along with other vegetation, storm water is
handled by ground percolation, helping to naturally mitigate critical storm-water runoff impacts,

Sustainability

Energy use mitigation and the inclusion of sustainable features have not been well explored in the engineering
for the proposed Elevated Railway. Certainly this would be desirable in a rail transit system for Honoluly,

as Hawai‘i functions from the standpoint of limited energy production self-sufficiency - wind power is being
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gradually incorporated - and solar is mostly limited to residential hot water use.

Examples for the use of wind-power technology can be found in Light Rail, such as the Calgary system,
which could be explored for Honolulu.

For segments of some Light Rail systems, notably in Nice, France, battery-powered running is used in

environmentally sensitive areas, with re-charging occurring while on the powered portions of the line.

Storm-water handling will be a concern for the Elevated Railway. Handling all runoff on-site for the
stations may prove difficult with the size of the concrete structures involved; cachement capability should be
investigated, currently no plans seem to indicate retention basins. Runoff from the guideway will cause an

impact along the length of the alignment.

In the at-grade portions of its alignment, Light Rail does not significantly alter the environment along the
streets. There are no significant increases to storm-water runoff; a small amount may occur from building
additional street-side shelters, similar to bus shelters. Rail is laid in the existing street paving and curbing

may be re-worked in place, so the volume of runoff is not increased.

Accessibility, Safety and Security

Capable of providing more frequent stops, particularly along Hotel Street, and more direct access to desired
work, education and shopping destinations, Light Rail’s advantages over an elevated railway system are
great. Walking distances between the proposed Elevated Railway’s aerial stations and downtown workplaces,
shopping destinations such as Chinatown and educational institutions are not convenient, and will result in

many potential transit riders making the decision to drive or rernain on TheBus.

Readily accessible to police, firefighters and EMS personnel, at-grade stops for Light Rail would also provide
much greater visibility for easier surveillance than the more isolated platforms of elevated systems. The
necessity of making the vertical transfer, by stair, escalator or elevator, to the platform may be daunting or
difficult to a significant percentage of potential riders. Traveling at-grade, Light Rail would provide low-floor,
roH-on/roll-off capability for elderly and disabled riders, as well as mothers with strollers and small children.
The inclusion of riders with bicycles or surfboards also is more easily accomplished at surface-level Light

Rail stations.

Economic and Traffic impacts

The degradation of aesthetics alone will have an adverse economic impact on Honolulu, The investment
in landscaping, street-scaping and building design upgrades expended in Waikiki indicate that a beautiful

environment is believed to be advantageous for Honolulu in attracting tourists. The negative aesthetic impact
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of an elevated transit system will diminish the beauty of Honolulu relative to competing destinations.

Conversely a “best fit” Light Rail system that avoids the placement of ponderous structural elements in
delicate areas, could provide a competitive advantage without the ugliness; increasingly so as the system is
extended to Waikiki, enabling easy tourist access to the Convention Center, Ala Moana Center, art museurss,

the Blaisdell Entertainment Center, Chinatown and the airport,

Wherever an elevated railway is located, it can be expected to have a deteriorating effect on surrounding
enterprises. This is one of the primary reasons why there are no other all-elevated systems being planned

anywhere in the US, and none having been built in the past 30 years,

In constrained rights-of-way, columns and straddie bents will further constrain access to properties. Areas
directly beneath or to the sides of the alignment experience an “under the highway” type environment, with
shading, increased storm-water runoff, maintenance issues, homeless encampments and graffiti as possible

accompaniments.

Traffic patterns will change if the Elevated Railway is built. Access to businesses may be blocked or
negatively altered. Congestion on roadways beneath the guideway may actually increase due to elimination
of continuous turning capability and the additional element of “surface friction” that occurs with the
introduction of the large support structures to the right-of-way. As along Nimitz Highway, beneath the viaduct
of the H1, traffic signalization becomes less readily visible, columns obscure sight lines, street lighting

becomes more difficult and the driving environment becomes harsher and more dangerous to pedestrians.

When running on streets, Light Rail does not introduce permanent physical barriers to access; it would have
a similar impact as that of several buses traveling in a row, something that occurs now in Honoluly with

considerable frequency.

Operation of an automated light metro system on fully grade-separated alignment provides the singular benefit
of separation from surface traffic, with no impediment to running times. Particularly during rush hours, the
long-distance commuter would be accommodated by an elevated railway running in exclusive right-of-way
segments through outlying areas and delivering shorter station-to-station running times. The latter, however,

are not the same as origin-to-destination travel times.

Light Rail can provide equivalent running-time characteristics along elevated or exclusive rights-of-way

in outlying areas; however, it will operate at reduced speeds when running in the medians of highways, in
curbside lanes along city streets, along the Hotel Street Transit Mall, or in mixed traffic. This, however, is
desirable in denser, closer-in urban areas, as transportation utility is enhanced by greater frequency of transit
stops and delivery closer to ultimate destinations. The more flexible use of Light Rail for shorter trips during

the work day around Downtown and to nearby destinations such as Kaka*ako, Ala Moana Center and the



Convention Center, as well as in the future to Mo‘ili*ili, UH-Manoa and Waikiki would become feasible and

convenient with Light Rail. Light Rail can do this well; an elevated railway using automated light metro

technology cannot.

Construction Impacts

Disruptions caused by construction activities, particularly those required for an elevated railway, will add to

negative economic outcomes because some businesses may not survive.

Construction duration and add-on impacts will be significant. Elevated railway construction durations per
line segment through neighborhoods can be expected to be measured in months and vears versus the weeks/
menths that Light Rail can take once utilities are relocated, if necessary. (Kaka‘ako, for instance, may not
have extensive in-street utilities requiring relocation. Surface power lines may or may not require relocation
for Light Rail; in many blocks this may not be necessary.}) The depth required in streets for Light Rail tracks

is sufficiently shallow to avoid many utility conflicts.

Construction durations and add-on impacts will be significant. Per line segment, the construction durations
of an elevated railway passing through neighborhoods can be expected to be measured in months and years
versus the weeks or months that construction of a light rail transit line can take once utilities are relocated.
Many local businesses will not be able to survive the anticipated durations and disruptions of the construction
activities required for an elevated railway. However, if light rail transit technology were to be adopted with
its minimal excavation depth requirements for track and power source installations, Kaka‘ako, for instance,
potentially not having extensive major in-street utilities requiring relocation, would experience a significantly
shorter construction duration. And surface power lines may or may not require relocation for Light Rail

installation, again enabling much shorter periods of construction.

Re-routing of traffic would be required for these time periods, impacting access and deliveries to local
businesses, residents and existing traffic patterns. This is not a minor concern. Given the constraints of the

transit corridor in Honolulu, alternate detour routes for traffic are quite limited.

Construction of an elevated railway also requires significant, large lay-down areas for construction equipment
and materials, heavy vehicle traffic {including mobile cranes) for delivery and/or placement of precast
guideway segments and other system components, etc., as well as noise and dust impacts from construction of
column foundations. Aside from the nuisance imparted, temporary land takings will be required all along the

Elevated Railway’s alignment; these will be significant and of long duration.

Mitigation of these construction impacts has not been well considered in the DEIS for Honoluly’s proposed
Elevated Railway project. Needed are: solidly conceived maintenance-of-traffic plans for the neighborhoods

through which construction will occur, sample wording for construction contract clauses dealing with staging
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and hours of operation, dust and noise mitigation planning clearly defined and contractually required, and
business assistance programs clearly defined and committed to by the City and County. These have not
been carried forward (such as actuaily defining alternate traffic routes) at this point, with the result that the

community stakeholders cannot adequately assess sufficiency.

Because the Elevated Railway is proposed to be located above Kona Street, which is narrow and very
constrained while serving as a major access to Ala Moana Center for automobiles and buses as well as
pedestrians, the impacts during construction of the elevated guideway and station can be expected to be of
long duration and wide extent. Additionally, the key intersection of Kona and Pi’ikei Street will also be
significantly impacted during construction negatively effecting vehicular access to the Center.

As proposed in this report, Light Rail also would terminate initially at Ala Moana Center but at an off-street
terminal near the intersection of Kapi‘olani Boulevard and Atkinson Drive. Due to its inherent flexibility,
Light Rail will not need to be routed along Kona Street on an elevated structure. Light Rail construction
activities would occur along Kapi‘olani Boulevard, but be of much smaller duration and magnitude, more
akin to those experienced during street curb and pavement replacement and the construction of bus shelters.
Properly managed, as occurred during the construction of the Portland Streetcar system, they will occur for
timited periods of time, on a block-by-block basis.
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TRANSIT-ORIENTED DEVELOPMENT POSSIBILITIES - ELEVATED RATILWAY VERSUS
LIGHT RAIL

Introduction

Transit-oriented development or TOD can be defined as compact, mixed-use development near transit within

a pedestrian-friendly environment.

In many older, urban locales, such an environment already exists, often the result of transit-centered
development from an earlier time. Many cities, including Honolulu, grew around the focus of seaports, then

raitways, streetcars and other transportation modes.
The American Planning Association (APA), on its website, has defined the modern, planned version of TOD:

“Transit-oriented development results from deliberate planning and code provisions drafied to produce a

mix of uses in close proximity to transit that facilitates access to transit,
TOD is intended to:
» Create active walkable streefs

» Regulate the intensity of development to support transit
+ Properly integrate transit into the landscape and within surrounding projects”

- definition from APA website 2008
The Honolulu City Council has charged the Department of Planning and Permitting (DPP) with producing a
TOD ordinance in anticipation of the proposed transit system now under development by the City and County

of Honolulu. A “shell” ordinance has been enacted and a program of station area planning is underway, ona

neighborhood-by-neighborhood basis, projected to take several years.

Type of Transit System Determines the Tvpe of TOD

Transit-oriented development presents different opportunities when associated with an automated light metro-
type elevated railway versus an at-grade light rail transit system. This is directly attributable to the type of
technology employed by each system. The City Administration is proposing an almost fully elevated railway
utilizing “awtomated fixed guideway transit system™ technology, in which the stations will be elevated above
streets, generally within the right-of-way.  An alternative under exploration in this report is the use of Light

Rail technology in which stops may either be fully at-grade or can be elevated where necessary.
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To understand the differences in TOD between elevated railways and light rail transit systems, an

understanding of the system characteristics is needed.

Elevated railway systems use a “hot” third rail for traction power distribution, which must be isolated from
human, animal and vehicular contact. Thus, this type of railway is either elevated, located below grade in a
subway or fenced-in open cut, or runs at-grade along an exclusive, fenced right-of-way (ROW). The system
may be a variation of either heavy rail systems, such as San Francisco’s BART or Miami’s Metrorail, or
automnated light metro systems, such as the Vancouver SkyTrain, which is viewed by CCH as the prototype
for Honolulu. All must run in isolated and secured right-of-ways, accessible only at station locations,

which are very much separated from their surrounding environments. Except for subways, which would be
a prohibitively expensive consideration for Honolulu, both the guideway and stations of elevated railway
systems inflict a significant negative impact throughout the surrounding neighborhoods, due to the large

“structures involved.

TOD Opportunities Oceur at Station Locations

This fact drives some of the major differences between transit-oriented development associated with at-grade

or elevated systems.

In an elevated railway system, due to their high expense and often-significant land acquisition needs, only a
comparatively limited number of rather widely separated elevated stations can be built. Each elevated station
for the proposed Elevated Railway will cost in excess of $20M (twenty million dollars). These stations are,
by their nature, separated from their individual neighborhood environments, elevated from 30 to 40 feet or

maore above grade, and require vertical access by transit riders involving elevators, stairways and escalators.

Since they are infrequently located, each station will need to accommodate a concentrated “delivery” of
riders: by bus transfer, automobile parking or drop-off, pedestrian and bicycle access, etc. The station area
elements needed to accommodate such a concentration of access requirements take up significant space

around each station,

This will be accomplished in two ways: either through careful and neighborhood-sensitive station area
planning; or, in the absence of such planning and foresight, through uncontrolled access by riders. The

impacts of the latter would include:

» unauthorized parking in surrounding neighborhood streets and business parking lots

« curbside bus drop-off within the existing right-of-way impacting competing traffic

« random kiss-and-ride drop off wherever drivers find space to pull over and drop their passenger(s)

= non-priority access for EMS and other official personnel and vehicles resulting in longer emergency

response times
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« impeded access for pedestrians, particularly the very old and very young, handicapped or disabled riders.

Other aspects of elevated railway stations that carry negative impacts involve the emphatic aesthetic impact of

such structures:

» disruption to the scale of surrounding neighborhoods
» jarring clashes with cultural amenities and landmarks
« introduction of shadowing, noise and vibration at levels that conflict with an attractive ambience

These make for conflicts when development interests attempt to design in context with the locale and yet
accommodate transit connectivity. Particularly in Honolulu, elevated rail is deeply at odds with the local

aesthetic.

Parking is quite problematic. If the transit system is remiss in not providing sufficient parking to meet the
need of initial and future ridership at elevated station locations, spill-over into neighboring commercial and
residential areas will occur. Contrary to the idea of forming “shared parking arrangements,” this is not always
easy for business to accommodate.

In Honolulu, as in some other places, the issue of homelessness must be taken into account. Large elevated
structures create sheltered areas which attract encampment; when this occurs at station areas, surrounding
development will be forced to deal with various impacts to cleanliness, access obstruction and negative

consumer perception.

Further conflicts and challenges to accomplishing successful, cost-effective TOD are those of environment
and sustainability. According to the DEIS, the Elevated Railway and the large elevated stations it requires
necessitate the removal of a large number of significant trees — in excess of 650 - and the introduction

of immense quantities of concrete for the entire 20 miles-long First Project and eventually more for its
proposed extensions. As TOD is attempted, these impacts will be felt. At transit nodes, large trees will be
missing — and their cooling shade, landscaping effect and stormwater retention qualities will be difficult if
not impossible to replace. Runoff from the elevated guideway and station structures will increase stormwater

runoff for surrounding development, which can be a difficult and expensive impact to deal with.

Light Rail and TOD

Light Rail, in contrast, is characterized by at-grade running with more frequent stops. This serves to distribute
the advantage of transit access over a greater proportion of the alignment, both distributing the benefit of
transit and diluting the impacts of concentration, Transit “nodes” or points of focus at stations or stops,
where TOD can occur, can be more flexibly located along a Hght rail transit system. Transit nodes can occur
throughout the at-grade area, inciuding transit stops in places where an elevated station might not be able to
be buiit.

40



Chapterl Zifl'réﬁs'i;égri_én -d Devel ilities ;Eievated Railway versus Light Rail

Without the need for large station structures, the area around Light Rail stops presents less complication, less
cost and more numerous opportunities for developing attractive TOD components. Retail and commercial
buildings can be designed at a more human, neighborhood scale, often incorporating transit shelters (similar
to bus shelter design) within the design of the surrounding development or neighborhood. Shared parking
may actually become a win-win reality near the smaller capacity, more distributed LRT stops. Landscaping

nraterials will not need to compete with the need for extensive areas of paved surface or blocked sunlight.

Overall, the level of investment that may be required for successful TOD in the immediate station vicinity
can be less with light rail fransit than elevated railway systems. Particularly in the current economic climate,
individual, incremental or phased development at Light Rail stations or stops should be easier to successfully
implement than large-scale elaborate mixed-use schemes with parking structures that are often seen as

desirable at elevated railway stations.

Transit Flexibility and Expansion as Economic Development Occurs

Adding intermediate stations is very unlikely with an elevated railway system, owing to the difficulty and
expense of locating and constructing such large structures and guideway interfaces, whereas Light Rail stops
can be readily added in flexible locations when found to be advantageous. The ability to add new stops at
locations with good TOD potential is one of Light Rail’s tremendous advarntages. In Honolulu, areas of high
development potential that will be coming on-line in the future, such as Mapunapuna, could be accessed with
an at-grade light rail transit system at far less cost and impact than an elevated railway system, enabling both

transit’s and TOD’s full potential to be realized downstream.

And as far as expansion of the fixed guideway transit system to future extensions is concerned, this is

relatively easy to accomplish with Light Rail and, again, costly and difficult with an elevated railway.

TOD Success is not Automatic

The availability of transit does not automatically mean that development will ocour.

The Miami Metrorail example is indicative of an elevated railway system that has had less than universal

success in stimulating adjacent development and redevelopment.

The Martin Luther King and Brownsville stations along 27th Ave have been utter failures with regard to TOD
and also ridership generation. The surrounding areas are and have been economically depressed and have
continuing safety and security problems. There was great environmental justice rationale for locating stations
in those neighborhoods with the clear intention of fostering redevelopment and the provision of work access

opportunities. These goals have not been realized and ridership remains low.
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Developers have not found reasons to invest in those station areas. Therefore, transit alone will not work

miracles for the redevelopment of areas that have little else to offer investors,

Even the Dadeland Stations, adjacent to a top-tier mall (Dadeland) and an affiuent population, are only
recently experiencing TOD-type investment, and this is afier over twenty-five years of system operation,
Prior to the building of Metrorail, Dadeland was already an area of concentrated mall development, with
already existing nearby residential neighborhoods and business areas, including the large Baptist Hospital
complex. It is a heavily automobile-oriented environment, in which many transit riders use the Metrorail
park-and-ride facilities, often driving in from further-out residential areas. New transit-oriented residential
units are recent developments and are occurring adjacent to transit because it has, at long last, come to be

considered a desirable Hving environment.

In the first case, the 27th Avenue corridor is an economically depressed area with a racially-differentiated
population and the Dadeland area is part of a highly concentrated automobile-oriented landscape. Neither
presents an ideal location for successful TOD although Dadeland is now experiencing a greater mix of uses

owing in part to the presence of rail transit.

Joint Development and Lack of Opporiunities in Honolulu

Joint Development (D) is a specific kind of development that can occur adjacent to transit lines. Asarule, a
prerequisite for JD is that real estate is owned by the public entity and made available to private development
interests to mutual advantage. Examples include shared parking facilities built on transit-owned land,
privately developed transit centers containing transit-supportive retail and commercial components using
transit-owned land or buildings, and public/private joint development of mixed use or residential adjacent

to transit, including an affordable housing component and business incubator space. The fransit agency is
involved in the development by making a contribution of land or building(s) through beneficial lease or sale,

or can assist with the land assembly needed where small lots have been taken due to transit need.

Other related forms of development are actually “transit-adjacent™ private development which may have
“joint-use agreements” governing access hours, safety/security operations, and other connectivity issues
between the private facility and the transit facility; these, however, do not embody a public investment per se

and are not Joint Development.

One of the least favorable implications to either TOD or JD in Honolulu is the decision by the City
Administration to avoid land takings for transit, even where it is justifiable from a transit need standpoint.
This is exemplified by the unwillingness to take land adjacent to most of the suburban elevated stations for
park-and-ride facilities, bus drop off/pick up, kiss and ride drop off/pick up, improved pedestrian and bicycle
access and EMS access. Indeed the F'TA does not allow gratuitous or excessive iand takings; however, land
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needed for the station access facilities noted above is an approved justification. In fact, current proposed
iand takings for Honolulu’s Elevated Railway are focused on the minimal requirement to construct elevated

guideway and station structures.

With regard to both lessening negative impacts and fostering development around stations, this is very short-

sighted on the part of the planners of Honolulu proposed fixed guideway transit system.

Honolulu will be lacking in public real estate offerings with which to jump start TOD. Without the incentive
of a publicly provided real estate component, primarily land parcels, private development may not prove
feasible around all stations. Even other proffered incentives, such as favorable zoning, FAR bonuses, and tax
increment financing, are by no means certain to provide sufficient stimulus to secure the necessary private
investment. In the competition for scarce development dollars, areas that are less attractive to developers and
their potential customers, both residential and commercial, will not win out over “better” areas, despite the

presence of a rail transit line.

Direct Public Investment as a Stimulus for TOD

Government-funded development around transit is never a panacea. Although public investment in transit-
supportive infrastructure will give a boost to development, large public projects built at transit nodes may not
have the desired result.

As with other types of TOD, scale and fit within the neighborhood are important factors. Government centers
and similar complexes may be well-populated during working hours, but not so lively after hours, which may
negatively impact existing communities. Unless it can be assured, never an easy task, that a large number of

employees will actually take transit to work rather than driving, traffic and parking impacts will also be felt

in direct relation to the size of the complex. Aggressive use of programs that provide transit passes and other

incentives, shuttle buses interior to large complexes and a resistance to providing extensive parking will be

required.
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IMPLEMENTATION SCHEDULE AND PROJECT PHASING - ELEVATED RAILWAY VERSUS
LIGHT RAIL

Elevated Raifway (As Currently Planned)

The City Administration, as stated in the recently-issued RFP for the Core Systems Design-Build-Operate-
Maintain Contract {from which the following is quoted directly), plans to deliver the 20 miles-long Minimum

Operable Segment in four design and construction segments:

Segment [ — West Oahw/Farrington Highway: East Kapolei to Pear] Highlands

*

Segment Il — Kamehameha Highway: Pear] Highlands to Aloha Stadium (Airport)

Segment |11 -- Airport Stations: Aloha Stadium to Lagoon Station; and

Segment [V — City Center: Lagoon Station to Ala Moana Center.

“Segment 1 is planned 1o be delivered using the Design-Build delivery method. This section is scheduled
to begin construction in December 2009 at the western end of the alignment., The guideway section
between the Waipahu and Leeward Community College stations is scheduled to open with limited service
in December 2012. The full Segment I section from East Kapolei to Pearl Highlands, as well as the
Maintenance and Storage Facility, are scheduled to open in May 2014. [It may be inferred from this
statement that a decision has been made to locate the Maintenance and Storage Facility af the LCC site,
instead of at the alternate site in Ho ‘opili discussed in the DEIS.]

“Segment Il from Pearl Highlands to Aloha Stadium is planned to be delivered using the Design-Bid-
Build method. This section is scheduled to begin construction in May 2011 and open in January 2017,

“Segment Il from Aloha Stadium fo Lagoon Station is pianned o be delivered using the Design-Bid-
Build delivery method. This section is scheduled to begin construction in September 2011 and open in
October 2017.

“Segment 1V City Center from Lagoon Station to Ala Moana Center, including stations, also is planned
to be delivered using the Design-Bid-Build delivery method. This section will begin construction in
September 2011 and open in December 2018, While the Middle Street Transit Center Station is included
in Segment IV, its opening is scheduled to coincide with the opening of Segment Il since it provides a

better interim terminus location than the Lagoon station,

“The Core Systems will be designed, constructed and administered under a design-build-operate-
maintain (DBOM) contract. All applicable FTA requirements will be incorporated into the DBOM
Contract. The maintenance yard/shops and storage facilities, guideway, and stations will be constructed

under separate contracts concurrently with the Core Systems Contract.”
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This nine-year construction schedule and plan for phasing the Elevated Railway into passenger-carrying
service will result in the most important and yet environmentally-sensitive segment of the HHCTC Project

— that between the Middle Street Transit Center and Ala Moana Center stations - being the last to open. As

a result, the taxpayers of the City and County of Honolulu will be called upon to absorb at least six years
{December 2012 to December 2018) of the operations and maintenance (O&M) expenses of the Elevated
Railway — even if they are included within the DBOM Contract — with very low ridership levels and marginal

fare box revenue.

The Core Systems RFP also states that “Vehicles and systems elements are pianned to be manufactured,
delivered and installed to meet the specific needs of each segment. A single DBOM contract is planned for all
vehicles, train control, communications and traction power, and operations and maintenance for at least ten

vears following the full operation in 2018.”

Light Rail Aliernative

In order to bring the benefits of rail transit to the largest number of potential riders as soon as possible, this
report proposes that — with the adoption of Light Rail technology — the HHCTC Project be implemented from
east-to-west in the following seven Minimum Operable Segments (MOS’s) between Ala Moana Center and
East Kapolei: |

» MOS-1 — Dillingham Boulevard, Ka‘a‘ahi Street, Iwilei Road, North King Street and Hotel Street Transit
Mall: Dillingham Boulevard and Middle Street to Hotel and Richards Streets, terminating temporarily at
that location;

« MOS-2 — Hotel and Richards Street to Ala Moana Center either via Richards Street, South King Street
/ Alapai and South Berentania Streets, and Kapi‘olani Boulevard or via Richards Street / Alakea Street,
Queen Street, Ward Avenue and Kapi‘olani Boulevard, terminating at an off-street Transit Center near the
intersection of Kapi‘olani Boulevard and Atkinson Drive;

« MOS-3 — Dillingham Boulevard, bridge over Moanalua Stream, private right-of-way and A‘olele Street:
Middle Street to Honolulu International Airport;

+ MOS-4 — A*olele Street, private right-of-way adjacent to Nimitz Highway and H-1 Freeway, and
Kamehameha Highway: Honolulu International Airport to Alcha Stadium

« MOS-5 — Kamehameha Highway: Aloha Stadium to Pear] Highlands;

= M(OS-6 — Kamehameha Highway/H-1 Freeway/Farrington Highway Interchange, private right-of-way
through Leeward Community College area, and Farrington Highway: Pear] Highlands to West Loch Station
to Ho'opili Maintenance and Storage Facility); and

» MOS-7 - Farrington Highway and North-South Road: Ho‘opili Maintenance and Storage Facility to East
Kapolei.
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The civil and structural works, including stations, for each of these MOS segments can be delivered using
the Design-Bid-Build delivery method with separate contracts being awarded on a low-bid basis for each line
segment. As proposed in the Core Systems RFP, this report also recommends that the systems elements, i.e.
rolling stock (light rail vehicles), signals, communications and traction power, would be best delivered via a
single Design-Build-Operate-Maintain (DBOM) Contract. However, major interface issues have occurred
with some DBOM contracts, in particular due to failure to properly coordinate the design of the maintenance
and storage facility with the design of the vehicles, as well as to match wheel and rail profiles, the author

of this report recommends in the strongest terms that the scope of the Core Systems DBOM Contract be

expanded to include maintenance and storage facilities and system-wide track design and installation.

Changing the vehicle selection of the HHCTC Project from automated light metro technology to more flexible
light rail transit technology and re-packaging proposed contracts, as well as preparing a Supplementary
Environmental Impact Statement (SEIS) and placing it in circulation for 45 days to receive comments,

would delay project implementation by approximately one year from the December 2009 date when the City

Administration optimistically hopes to begin construction,
The following construction schedule and commencement of passenger-carrying service is anticipated:

MOS-1: Dillingham Boulevard and Middle Street to Hotel and Richards Streets. Work on this two and
one-half (2.5) miles-long segment would begin in January 2011 (after the Christmas shopping period) and
would have a thirty-three months duration, including construction of a light maintenance and storage facility
at Middle Street on the current DTS Handi-Van parking site. Passenger-carrying service would commence in
October 2014, in advance of that year’s holiday season.

[Note: Construction of the first three miles-long segment of the Portland Streetcar line began in May 1999;
twenty-seven months later, in July 2001, it began carrying passengers.]

MOS-2: Hotel and Richards Streets to Ala Moana Center: Construction of this two and three-tenths (2.3)
miles-long segment also would begin in January 2011 but is assumed to require thirty-six months. Passenger-
carrying service between Dillingham Boulevard and Middle Street and Ala Moana Center via the Hotel Street
Transit Mall would commence in January 2015. By that date four and eight-tenths (4.8) route miles of the
Light Rail system would be in service.

MOS-3: Dillingham Boulevard to Honolulu International Airport; Construction of this two and three-tenths
(2.3) miles-long line segment, mostly on elevated structure with one elevated and one surface-level station,
also would begin in January 2011 but is assumed to require forty-two months to complete and commission.
Passenger-carrying service from Honolulu International Airport through Downtown to Ala Moana Center
would commence in July 2015, By that date, seven and one-tenth (7.1) route miles of the Light Rail system
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would be in service,

MOS-4: Honolulu International Airport to Aloha Stadium: Construction of this three and two-tenths (3.2}
miles-long line segment, entirely on elevated structure with three elevated stations, would also begin in
January 2011 but is assumed to require forty-eight months to complete and commission. Passenger-carrying
service from Aloha Stadium through Honolulu International Airport and Downtown to Ala Moana Center
would commence in January 2016; by that date, ten and three-tenths (10.3) route miles of the Light Rail

system would be in service.

MOS-5: Aloha Stadium to Pearl Highlands: Construction of this three and sixth-tenths (3.6} miles-long line
segment, entirely on elevated structures with two elevated stations, would begin in April 2011 but is assumed
to reguire fifty-four months to complete and commission. Passenger carrying service from Pearl Highlands

" through Honolulu International Airport and Downtown would commence in October 2016, by that date,

thirteen and nine-tenths (13.9) route miles of the Light Rail system would be in service,

MOS-6: Pear]l Highlands through the West Loch Station in Waipahu to the recommended Ho‘opili
Maintenance and Storage Facility (HMSF): Construction of this four and one-half (4.5) miles-long line
segment also would begin in April 2011. To be built largely on elevated structures over the Kamehameha
Highway/H-1 Freeway/Farrington Highway interchange and along Farrington Highway, as well as with a
short surface-tevel segment in the Leeward Community College arca and a longer one from the Waipahu
Transit Center through West Loch to the HMSF, construction of this line segment will be complicated
and require careful staging. Sixty months are assumed to complete and commission this line segment.
Passenger-carrying service from the West Loch Station through Honolulu International Airport and
Downtown to Ala Moana Center would commence in April 2017; by that date, sixteen and eight-tenths

(16.8) route miles of the Light Rail system would be open to the public.

[One and six-tenths (1.6) miles of completed and commissioned line segment between the Ho'opili
Maintenance and Storage Facility would be in operation only for non-revenue train movements pending the

commencement of passenger-carrying service on MOS-7)

MOS-7: West Loch to East Kapolei. Construction of this western-most line segment of the First Project,
because it will take place largely on undeveloped lands formerly used for agriculture, will be the simplest of
the HHCTC Project. Forty-eight months are assumed to be required to complete and commission this two
and one-tenth (2.1) miles-long line segment. If construction were to begin in June 2013, this line segment
could be carrying passengers by June 2017; by that date the initial twenty and one-half (20.5) miles of the
Light Rail system would be both fully operational and collecting revenue to offset a major portion of its
O&M expense over its full length.

Comment: Were there a willingness to spend some of the savings that would result from the adoption of
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Light Rail technology to do so, the scope of MOS-7 could be extended by up to another five and three-tenths
miles (as discussed in Future Extensions} to the proposed West Kapolei Station. In that scenario, sixty months
are assumed for completion and commissioning, with construction to begin in June 2012, This earlier start-
date would enable passenger-carrying service from West Kapolei through Honolulu International Airport and
Downtown to Ala Moana Center also to commence by June 2017; by which date the Light Rail system would
be either twenty-four and eight-tenths (24.8) miles-long or twenty-five and eight-teaths (25.8) miles-long, the
one-mile difference being the routing chosen through Kapolei.

Conclusion Concerning Implementation Schedule and Project Phasing

Notwithstanding an assumed thirteen-month delay from December 2009 to January 2011 for the beginning

of construction on the HHCTC Project, the adoption of Light Rail technology and re-programming its
construction and commissioning sequencing from east-to-west, passenger-carrying service can commence
over the full length of the rail transit line extending from East Kapolei through Honolulu International Airport
and Downtown to Ala Moana Center by June 2017; that date would be approximately eighteen months or a

year and one-half earlier than the December 2018 full-service date anticipated for the Elevated Railway.
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IMPLEMENTATION COST COMPARISON BETWEEN ELEVATED RAILWAY AND LIGHT RAIL
ALTERNATIVES FOR HHCTC PROJECT

A comparison of the probable total capital investment requirements for implementing the HHCTC Project as
an elevated railway using automated light metro technology or as a light rail transit system with surface-level

alignments where they are feasible and cost-effective is as follows:

83610 s 790

 Total Project Implententation Cost = .-

Estimating Assumptions

All-in construction costs for civil, structural and systems works, as well as general and administrative
expenses, of:

+ $10 million for construction of an off-street Transit Center with bus-to-rail transfer facilities at Ala Moana
Center;

$30 million per mile for single-track surface-level alignments in existing lanes of city streets;

$50 miltion per mile for double-track surface-level alignments in existing lanes of city streets or on

currently undeveloped land;
+ $70 million per mile for alignments involving earthen fill embankments;
+ $80 million per mile for alignments involving widening one side of an existing thoroughfare with built-up

land uses to create an additional lane;

$90 million per mile for surface-level alignments where a median must be created along an existing

highway with built-up land uses on both sides of that highway;

= $100 million per mile for creating a private right-of-way in a redevelopment area with existing land uses
that may be retained;

« $180 million per mile for single-track elevated structures; and

$270 million per mile for bridges and/or double-track elevated structures.

Through adopting Light Rail technology for the HHCTC Project and by bringing approximately 52,500 feet
or about nine and nine-tenths (9.9) miles of its main line to the surface, inctuding on-street alignments along
Diltingham Boulevard and extending through Downtown Honelulu to Ala Moana Center, as well as replacing
sixteen or more than two-thirds of its twenty-two massive elevated stations with simple surface-level stations
o stops the capital investment required to implement the Project can be reduced in the range of one billion

eight hundred million dollars.
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FUTURE EXTENSIONS

East Kapolei to West Kapolei

Elevated Railwayv (As Shown on Pre-ElS Drawings)

In a future phase of its HHCTC Project, CCH/DTS proposed to extend the Elevated Railway from its first-
phase (the so-called “First Project”) terminal at the East Kapolei Station to West Kapolei. According to
Pre-Draft EIS drawings, it be of 27,800 feet long or slightly less than five and three-tenths (5.3) miles. Its
all-elevated alignment would follow North-South Road to Independence Avenue, curve through currently
undeveloped property to an alignment above Independence Road, Enterprise Avenue, Saratoga Avenue and
Franklin Avenue, continue above Wakea Street to Kapolei Parkway and follow the latter across Kamokila
Boulevard to an end-of-track located approximately 2,000 feet beyond Kala‘eola Boulevard.

En route from its East Kapolei Station, the West Kapolei Extension would serve four intermediate stations:
Kapolei Parkway, Fort Barrette Road, Kala‘eloa and Kapolei Transit Center, all of which would have high-~

level side platforms and mezzanines.
Using the same assumptions as those for the First Project, the cost of constructing five and three-tenths (5.3)
miles of the Elevated Railway between East Kapolei and West Kapoiei would be approximately one billion,

four hundred and thirty million doHars ($1,430,000,000).

Light Rail Alternatives

Two options appear feasible for constructing a Light Rail extension between East Kapolei and West Kapolei.

These are:

» Follow the proposed Elevated Railway alignment but construct the Light Rail extension on the surface,
serving the same station locations; these would be simple low-level stations like those proposed elsewhere
for Light Rail.

The length of this alternative also would be approximately 27,800 feet or about five and three-tenths (5.3)
miles. Of this distance, approximately 5,200 feet or about one mile would follow North-South Road:
approximately12,000 feet or about two and three-tenths (2.3) miles would be on newly-created private
rights-of-way; and the remaining 10,600 feet or about two miles would follow Wakea Street and Kapolei

Boulevard.

« Follow the proposed Elevated Railway’s alignment along North-South road to its intersection with
Kapolei Parkway, construct a sweeping right-hand curve through currently undeveloped land (avoiding the



Hawaiian Railway Society’s Museumy), cross the remnant of the O*ahu Railway, which is protected by its

listing on the National Register of Historic Places, and follow the undeveloped 100 feet-wide right-of-way
between the O“ahu Railway all the way to the park-and-ride lot beyond Kala‘eola Boulevard proposed for
the Elevated Railway.

The length of this alternative would be approximately 27,800 feet or about four and three-tenths (4.3)
miles. Of this distance, approximately 5,200 feet or about one mile would follow North-South Road;
approximately 1,060 feet or about two-tenths (0.2) would be on earthen fill embankments; about 500 feet or
one-tenth {0.1) of a mile would be on a bridge: and approximately three (3.0) miles would be on a private

right-of-way between the O*ahu Railway and Roosevelt Avenue,

Using the same assumptions as those for the First Project, the cost of constructing a Light Rail extension
between East Kapolei and West Kapolei would be approximately four hundred and ten million dollars
{$410,000,000) following the alignment proposed for the Elevated Railway or two hundred and forty million
dollars ($240,000,000) following the one-mile shorter alignment along the O*ahu Railway and Roosevelt

Avenue.

Summary: Compared with an extension of the proposed Elevated Railway to West Kapolei, the potential
savings are in a range of $1,020,000,000 and $1,190,000,000. For discussion purposes in order of magnitude
terms, this range can be considered to be from one billion dollars to one billion, two hundred million dollars
depending upon whether a shorter or more round-about alignment is adopted between East Kapolei and West

Kapolei.

Ala Moana Center to University of Hawai*i-Manoa (UH-Manea)

Elevated Railway (As Shown on Pre-EIS Drawings)

Worthy of note at the outset is the fact that the elevation of the Ala Moana Center station at approximately 40
feet above the surface of Kona Street, due to the existence of a pedestrian overpass connecting commercial
buildings facing Kapi‘olani Boulevard within the shopping center, would preclude extension of the HHCTC
Project eastwards towards UH-Manoa and/or Waikiki. CCH/DTS propose, as shown on the DEIS drawings,
to get around this impediment by future construction of a third track at the intersection of the Queen Street
Extension with Waimanu Street. This additional track, connected to the First Project by a trailing point
crossover between its main tracks and a facing point tuwrnout on ifs eastbound track, would rise on a four and
eight-tenths percent (4.8%) grade on a new single-track elevated structure to be constructed above Kona
Street. The single-track elevated structure would continue eastwards towards an upper level Ala Moana
Center station, to be constructed with a center platform serving two tracks at a top-of-rail elevation in excess
of 80 feet above Kona Street and about 40 feet above the three-track First Project terminal. When its high-

level platforms and their canopies are added, this station - if proven constructible and actually built — would



tower over 90 feet above Kona Street.

Although the future elevated structure would transition from single-track to double track immediately west

of the proposed upper level Ala Moana Center station, it would create a 1,000 foot-long “pinch point” on the
HHCTC Project. Notwithstanding the ability o turn-back trains towards Downtown at the lower level station,
proposed to be built as part of the First Project, the single-track stretch would severely limit capacity for train
service running east of Ala Moana Center, either to UH-Manoa or Waikiki or both; most likely, no more than
ten trains per hour in each direction would be able to pass through it under the best of operating conditions.
Assuredly, it also would be the canse of irregular operations affecting the reliability of the entire Elevated

Railway.

This potential fatal flaw to any extension of the Elevated Railway in the Diamond Head-direction having been
‘identified, this report nevertheless will describe its fiitiute €xtétisions as proposed by CCH/DTS.

From the upper level platform at the Ala Moana Center Station, the Elevated Railway would begin to descend
a four percent (4.0%) grade and cross diagonally through an extended reverse or S-curve from an alignment
above Kona Street to the mauka-side of Kapi‘olani Boulevard. This would require the taking of five properties
on the makai-side of Kapi‘olani Boulevard near the corner of Kapi*olani Boulevard, Atkinson Drive and Kona
Street, as well as four properties on the mauka-side of Kapi‘olani Boulevard adjacent to Kala‘uokalani Way

and on the ‘Ewa-side of the intersection with Kalakaua Avenue.

Continuing Diamend Head along Kapi‘olani Boulevard, the Elevated Railway would have 2 McCully Station
between Pumehana Street and McCully Street, requiring land takings on both sides of Kapi‘olani Boulevard.
At Wiliwile Street, the alignment of the double-track Elevated Railway would shift into the center of
Kapi‘olani Boulevard, where the support columns for its concrete guideway would be located in the existing

tree-lined median.

Approximately 1,500 feet east of McCully Street at Isenberg Street, the Elevated Railway’s guideway would
transition from double-track to single-track before curving mauka into University Avenue, The single-

track elevated structure would continue through the Date Street Station to a point between Kuilei Street and
South King Street where a double-track alignment would be resumed; the length of single track would be
approximately 2,500 feet or aimost one-haif (0.5) a mile. In the vicinity of University Avenue and Ka’aha
Street, the Elevated Railway would begin to ascend a three percent (3.0%) grade, taking its top-of-elevation
from approximately thirty feet to approximately sixty feet above University Avenue as i passes over South
King Street and enters the Mo‘ili‘ili Station. Departing from the Mo*ili‘ili Station and continuing to rise
slightly, the Elevated Railway would curve sharply to the right to pass over the H-1 Freeway with clearance
of approximately twenty feet and enter into an alignment above Lower Campus Road and terminate at its UH-

Manoa Station, located in the University’s South Campus, at engineering station 1506+33.



As shown on the Pre-DEIS drawings, this extension would have a length of approximately 10,533 feet long or

about two (2.0) miles. As noted above, approximately one-half mile of the alignment of this branch would be
on single-track elevated structures with one station (Date Street), with the remaining approximately mile and
one-half {1.5) miles with three stations (McCully Street, Mo‘ili‘ili and UH-Manoa).

The cost of implementing an extension of the Elevated Ratlway between Ala Moana Center and UH-Moana,
including its four elevated stations, wouid be approximately four hundred and ninety-five million dollars

($495,000,000).

Light Rail Alternative

A comparable Light Rail Extension from Ala Moana Center to UH-Manoa would commence at the off-street
“Trassit Center, located near the makai-side of Kapi‘olani Boulevard niear ifs intersection with Atkinson Drive
recommended for the First Project (East Kapolei to Ala Moana Center). Tt would be desirable for light rail
vehicles traveling in both directions to pass through the Ala Moana Center Transit Center, most probably via a
looping track arrangement, to facilitate convenient transfers to and from buses, as well as access to the shops

and restaurants at Ala Moana and the Honolulu Convention Center.

Continuing Diamond Head from the intersections of Kapi‘olani Boulevard with Atkinson Boulevard and
Kalakaua Avenue, the Light Rail alignment would be located in curbside lanes in each direction along
Kapi‘olani Boulevard to McCully Street. ldeally, Light Rail stations would be located on the far-side of this

intersection to facilitate the retention of right-hand turn lanes from Kapi‘olani Boulevard into McCully Street.

Beyond McCully Street, Kapi‘olani Boulevard currently has a divided configuration with a narrow tree-lined
median. From this point to University Avenue, the Light Rail alignment could be located either in a widened
median or along curbside lanes. After curving on the surface into University Avenue, the Light Rail alignment
would follow the curbside lanes of that street mauka. After traversing the intersection of University Avenue
and South King Street at-grade, the Light Rail alignment would pass under — not over — the H-1 Freeway,
cross Dole Street and terminate in front of the main campus of UH-Manoa in the off-sireet loop currently used

by buses.

The proposed Light Rail alignment between Ala Moana Center and the Main Campus of UH-Moana would
be approximately two and one-tenth (2.1) miles long, about 500 feet or about one-tenth {0.1) of a mile longer
than the proposed Elevated Railway but would better serve the entire University, as well as the adjacent

residential neighborhoods.

The cost of implementing a Light Rail extension between Ala Moana Center and UH- Moana would be
approximately one hundred and five mitlion dollars ($105,000,000).

Lh
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Summary: Compared to the probable implementation costs of four hundred and ninety-five million dollars
{($495,000,000) for extending the Elevated Ratlway between Ala Moana Center and UH-Manoa, a comparable
Light Rail extension — one that would better serve both the University and the Mo‘ili‘ili neighborhood -

would cost approximately one hundred and five million dollars (§105,000,000). The potential savings for
implementing this extension with Light Rail technology are likely to be approximately three hundred and
ninety million dollars ($396,000,000). For discussion purposes, in order of magnitude terms, this can be

considered in the range of four hundred million dollars.

Ala Moana Center to Waikiki

Elevated Railway {As Shown on Pre-EIS Drawings)

The Pre-Draft EIS drawings show an even more complicated concept for an extension of the Elevated

Railway from Ala Moana Center to Waikiki than that proposed for its extension to UH-Manoa. [t would be a
primarily single-tracked branch of approximately 8,000 feet or about one and one-half (1.5) miles long, with
two short stretches of double-track serving as points where trains traveling in opposite directions would have

to meet and pass one another.

A single-track elevated structure, to be used by trains en route to and coming from Waikiki, would begin

in the middle of the intersection of Kapi‘olani Boulevard and Kalakaua Avenue. The track to be built on

it would be connected to the remainder of the Elevated Railway only by a facing-point turnout from the
eastbound track of the UH-Manoa Extension; this arrangement would require bi-directional (two-way)
operations or, in railway parlance “wrong rail” ranning, to allow trains coming from Waikiki to continue
towards Ala Moana Center. Approximately 800 feet west of the intersection of Kapi‘olani Boulevard and
Kona Street, a scissor crossover between the two main line tracks of the UH-Manoa Extension would be the
first point where it would be possible for a train making this low-speed move to enter the normal westbound
track before ascending the four percent (4%0) grade leading to the planned upper level of the Ala Moana
Center Station,

The single-track elevated structure would cross over the Ala Wai Canal and Ala Wat Boulevard on the
Diamond Head-side of the Kalakaua Avenue Bridge over the Ala Wai Canal. On the far side of the
intersection of Ala Wai Boulevard and Kalakaua Avenue, it would transition into a double-track elevated
structure, only to resume a single-track configuration at the intersection of McCully Street and Kalakaua
Avenue. In essence, this short stretch of double-tracked structure would provide a passing siding needed 10

permiit bi-directional train operations on the Waikiki Branch.

The single-track elevated structure would then curve from Kalakava Avenue into Kuhio Avenue in the vicinity
of Kuamo‘o Street. From Kuamo‘o Street to Olohana Street, the elevated structure would be constructed

above the mauka-side of Kuhio Avenue. At the latter location, the Elevated Railway would enter into another



short stretch of double-track structure that would permit both a second passing siding and the Kala*imoku

Street Station to be constructed; the latter would have side platforms and would require land takings on both
sides of Kuhio Avenue,

Continuing Diamond Head, the Waikiki Branch of the Elevated Railway would revert to a single-track
elevated structure located above the mauka-side of Kuhio Avenue that would end just east of Pao*akalani
Avenue, The Lili*u‘okiani Avenue Station, to be constructed on the makai-side of Kuhio Avenue, would

actually be located above Ohua Avenue on the Diamond Head-side of Lili‘u‘oklani Avenue.

Viewed as a whole, of its overall length of approximately 8,000 feet or about one and one-half (1.5) miles,
the proposed Waikiki Branch of the Elevated Railway would have approximately 6,400 feet or about one and
two-tenths (1.2) miles constructed on single-track elevated structure and approximately 1,600 feet or about

three-tenths (0.3) of a mile constructed on double-track elevated structures.

Assuming “ali-in” construction costs for civil, structural and systems works, including general and
administrative expenses, of $ 180 million per mile for single-track elevated structures with stations and $270
million per mile for double-track elevated structures with stations, the cost of implementing an extension of
the Elevated Railway between the intersection of Kapi‘olani Boulevard and Kalakaua Avenue and the end of
the line above Kuhio Avenue, the Waikiki Branch, including its two elevated stations, would be approximately
two hundred and ninety-five million dollars ($295,000,000). For discussion purposes, this amount can be
considered to be in the range of three hundred million dollars {$300,000,000).

Calculation: (1.2 x $180M}+ (0.3 x $270M) = $297 M; or $216M + $81M = $297M, round down to $295M

Comment: Beyond capital investment-related issues, the author of this report has extremely serious doubts
that the proposed Elevated Railway’s Waikiki Branch, when considered in conjunction with the proposed UH-
Manoa Extension, would be operationally-viable. As discussed above, a section of single-track is proposed
on the Downtown and ‘Ewa-side of the future high-level Ala Moana Center Station; the UH-Manoa Extension
would have two single-track sections along University Avenue; and the Waikiki Branch would have three
single-track sections along Kalakaua Avenue and Kuhio Avenue, as well as a need to run bi-directionally on
the UH-Manoa-bound track on the Ala Moana Center-side of the intersection of Kapi‘olani Boulevard and
Kalakaua Avenue. Constructability does not create operational feasibility. Attempting to operate the Elevated
Railway with trains running to and from UH-Manoa and Waikiki under operational constraints of this nature,
even with full automation, most assuredly can be expected to create unstable operating conditions — especially
during peak periods — that would ripple westward all the way to Kapolei and compromise the reliability of the

entire rail transit system.



Light Rail Alternative

in the Diamond Head-direction, a Light Rail extension from Ala Moana Center to Waikiki would branch from
the UH-Manoa Extension at the intersection of Kapi‘olani Boulevard and Kalakava Avenue; in the Ala Moana
Center-direction, light rail vehicles coming from Waikiki would merge at this intersection with those from
UH-Manoa.

In order to avoid taking lanes away from motor vehicular traffic using the existing Kalakaua Avenue bridge
over the Ala Wai Canal, this report proposes that two single-track bridges — each about 200 feet fong and
designed to match both the appearance and profile of the existing bridge - be constructed over the canal for
the Light Rail extension. On the Waikiki-side of Ala Wai Boulevard, with the benefit of a protecting traffic
light phase, the Diamond Head-bound track would be brought to the left-side of the tree-lined median that
runs down the center of Kalakana Avenue and follow it to Kuhio Avenue; the Ala Moana Center-bound track
woulid be iocated along the curbside lane from Kuhio Avenue to Ala Wai Boulevard, crossing the latter with
the benefit of a traffic light phase prohibiting right-hand turns from Ala Wai Boulevard into Kalakaua Avenue
while a light rail vehicle is passing through the intersection, to gain access to the inbound Light Rail bridge
across the Ala Wai Canal.

Beyond the intersection of Kalakaua Avenue and Kuhio Street, the proposed Light Rail extension to Waikiki
would assume a double-track alignment along the curb lanes of Kuhio Avenue. In the Diamond Head-
direction, Light Rail would follow Kuhio Avenue as far as Uluniu Avenue, turn right into the center of

that street and follow it to Kalakaua Avenue and turn left into the curb lane on the makai-side of that main
thoroughfare. Light Rail would continue in this lane for about 2,000 feet to Kapahulu Avenue, where ~ again
with the benefit of a traffic light phase prohibiting right-hand turns with a light rail vehicle is traversing the
intersection — it would turn left (mavka) into an unobtrusive off-street terminal {constructed with grass track
and simple platforms and shelters) located along the Diamond Head-side of Kapahulu Avenue. Inthe Ala
Moana Center-direction, the Light Rail alignment would turn left from its Waikiki-Honolulu Zoo terminus
into Kuhio Avenue and follow it towards Uluniu Avenue, where double-track would resume.

1.ight Rail stations along Kuhio Avenue would be located out of the main traffic lanes where recessed bus
stops currently exist, with the tracks in each direction curving into and out of these recesses. Given the
flexibility of Light Rail, Kuhio Avenue - depending upon the wishes of the Waikiki community - could remain
open {o all forms of motor vehicle traffic, bicycles, etc. or be restricted, for example to buses, taxis and local

access to hotels, following the introduction of Light Rail service.

The proposed Light Rail routing, most of which is located along Kuhio Avenue, would provide excellent
access to high quality public transit service through the heart of Waikiki for virtually anyone who resides,
works or visits there, being located but one block on the makai-side from Kalakaua Avenue and on the mauka-

side from Ala Wai Boulevard. It avoids traversing Kalakaua Avenue in the most congested area of Waikiki



while at the same time bringing the Light Rail to a terminal point in close proximity to one of Honolulu’s

premier attractions — its Zoo - in a manner that would be beneficial to both residents of O*ahu and its visitors.

And most significant, from an environmental perspective, a Light Rail extension to Waikiki would not
introduce the blight and degradation that would certainly follow the proposed extension of the Elevated

Railway into the heart of Honolulu’s world-famous, high-end tourist destination.

As described above, the proposed Light Rail extension to Waikiki would be approximately two (2.0) miles
long, consisting of 6,900 feet or about one and three-tenths (1.3) miles of double-track located in existing
lanes of city streets {Kalakaua Avenue and Kuhio Avenue); another 5,000 feet or about one (1.0) mile of
single-track alignments in existing lanes of city streets (Uluniu Avenue, Kalakaua Avenue and Kuhio Avenue;
two single-track bridges over the Ala Wai Canal with a combined length of about one-tenth {0.1) of a mile;
and an off-street terminal serving the Honolulu Zoo on the Diamond Head-side of Kapahulu Avenue.

Assuming all-in construction costs for civil, structural and systems works, as well as general and
administrative expenses, of $5 million for construction of an off-street Transit Center with bus-to-rail transfer
facilities in Waikiki along the Diamond Head-side of Kapahulu Avenue near the entrance to the Honolulu
Zoo; $30 million per mile for single-track surface-level alignments in existing lanes of city streets; $50
million per mile for double-track surface-level alignments in existing lanes of city streets; and $180 million
per mile for the two single-track bridges over the Ala Wai Canal, the cost of implementing a Light Rail
extension between Ala Moana Center and Waikiki, would be approximately one hundred and twenty million
dollars ($126,000,000).

Calculation: (1 x $5M) + (1.0 x $30M) -+ (1.3 x $50M) + (0.1 x $180M)=$118M; or
$3M + $30M + $65M + $18M = $118M, round up to $120M.

Summary: Compared to the probable implernentation costs in the range of three hundred and miilion dollars
{8300,000,000) for extending the Elevated Railway between Ala Moana Center and Waikiki, a superior
Light Rail extension — one that would better serve O*ahu’s most important tourism-related venue ~ would
cost approximately one hundred and twenty million dollars ($120,000,000). The potential savings for
implementing this extension with Light Rail technology are likely to be approximately one hundred and
eighty million dollars ($180,000,000).



LONG RANGE POTENTIAL FOR A MORE EXTENSIVE LIGHT RAIL SYSTEM

Adoption of Light Rail technology for the HHCTC Project, unlike the proposed Elevated Railway, would
enable its flexibility for use on a wider range of alignments, would open up the possibility for affordable

development of a more extensive rail transit system. The potential for future expansion of the Light Rail
systemn — in addition to the West Kapolei, UH-Manoa and Waikiki extensions discussed above — includes:

» West Loch to ‘Ewa Beach via Fort Weaver Road;

+ Aloha Stadium to Downtown via Salt Lake Boulevard, North King Street and the Hotel Street Transit Mall;

» Hotel Street Transit Mall to UH-Manoa via Richards Street, South King Street (eastbound), South Beretania
Street (westbound) and University Avenue; and

= Waipahu Transit Center through Mililani to Wahi‘awa, following the right-of-way where possible of the
abandoned O*ahu Railway branch to Wahi‘awa and Scholfield Barracks through former agricultural lands.
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STATION-TO-STATION TRAVEL TIMES —~ ELEVATED RAILWAY VERSUS LIGHT RAIL

Station-to-Station Travel Times — Elevated Raiiway versus Lisht Rail

Adoption of Light Rail technology for the HHCTC Project and bringing approximately nine and nine-tenths
(9.9) miles of its twenty and one-half (20.5) miles length to ground level will undeniably have an effect

on station-to-station travel times when compared with those proposed for the Elevated Railway, Origin-
to-destination travel times, however, are a different matter. As discussed elsewhere in this report, access
time from and to points of origin and destination — taking into account walking from or to elevated stations
and using escalators, elevators or stairways between platform and street levels — can be an offsetting factor

favoring Light Rail in many instances.

For example, the passenger traveling on foot between the Elevated Railway’s Downtown Station, to be
located along Nimitz Highway between Bishop and Alakea Streets, would experience an eight-minute walk,
including waiting for the pedestrian light cycles at Merchant Street and South King Street, to reach the heart
of Downtown Honolulu at Hotel and Bishop Streets.

The following table takes into account both the station-to-station travel times for the Elevated Railway shown
in Table 3-15 of the DEIS for the HHCTC Project and comparable estimates factored to reflect the differences
in horizontal and vertical alignments for Light Rail, including segments where it is proposed to operate on the
surface — either in the median of a roadway, such as along Farrington Highway in Waipahu, or in a curbside

environment, such as along Dillingham Boulevard, the Hotel Street Transit Mall and Kapi‘oclani Boulevard.

Where the Light Rail is concerned, the following maximum operating speeds between stations and station-to-

station average speeds can be achieved with good design:




Table 15.1 Station-to-Station Travel Times in Minuates — Efevated Railway System versus a Flexible

Light Rail System (approximately 9.3 miles at grade, and 11.2 elevated)

Station Jdentification Codes

ER=East Kapolei CC=Civic Center Kl ~Kapalama

PH=Peart Highlands HO=Ho'opili AC=Ala Moana Center

£ D=t.agoon Drive AS=Alohg Stediun WP=Waipahu Transit Center

DT=Downtown KS=Kalihi Street PB~Pgar Harbor Naval Base

HW=University of Hewal't — West Gahu KA=Kaka'ako [R=twilel Road

PR=Peariridge WL=West Loch LC=Leaward Community College

ME=Middle Streef Transit Centar AM=Anizona Memorial HA=Honeluls Intemationat Airport
{T=Chinatown

Travet Time Codes

ER=Elevaled Railway LR=Light Rail

Nates

Swation-to-Station travel times inchude twenty seconds dwell times exeepl a terminals.
Station-ro-Station travel times have been rounded upwards 10 the nearest minute,
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Table 15.1- Station-to-Station Travel Times in Minutes — Elevated Railway versus Light Rail
demonstrates that Light Rail is capable of providing end-to-end travel between East Kapolei and Ala Moana

Center in fifty-six minutes, including an allowance of twenty seconds for each of the twenty intermediate

station stops. This would be twelve minutes longer than the forty-four minutes end-to-end travet time
proposed for the Elevated Railway, which would make the same station stops with the same dwell fime. The
average speed of Light Rail, including intermediate station stops, would be 21.96 miles per hour; that of the

Elevated Railway, including intermediate station stops, would be 27.95 miles per hour.

The lower average speed of Light Rail compared to the Elevated Railway is the direct result of the former
having approximately five and six-tenths (5.6) miles of its alignment at-grade in city streets, either in highway

medians, curbside lanes, or along the Hotel Street Transit Mall.

Comparatively few passengers will ride end-to-end, regardless of whether Honolulu’s rail transit system

is the proposed Elevated Railway or Light Rail; the overwhelming majority will board and alight at the
intermediate stations or one or the other of the terminal stations. In some cases, the station locations proposed
for Light Rail will be more attractive to potential passengers, offering shorter access time {walking origins

or destinations). This will result in overall travel time — from origin to destination — being shorter for many

passengers with Light Rail than with the Elevated Railway.
For example, a passenger boarding at Waipahu Transit Center whose destination is in Downtown Honolulu
in the vicinity of Hotel and Bishop Streets would experience the following depending upon which rail transit

mode is chosen for the HHCTC Project:

Light Rail Alternative (As Proposed in this Report)

On-board travel time between Waipahu Transit Center and Hotel and Bishop Streets (Downtown Honolulu):

forty-five minutes.

Elevated Railway {As Currently Planned)

On-board travel time between Waipahu Transit Center and Downtown Station (Nimitz Highland and Bishop
Street): forty minutes. Plus eight minutes walking time including waiting for pedestrian crossing cycles of
traffic lights at Merchant Street and South King Street: eight minutes. Total travel time including access time:

forty-eight minutes.

In this example, Light Rail would offer passengers destined for the heart of Honolulu’s Central Business
District three minutes less total travel time than an Elevated Railway with its station on the periphery of
the Downtown area. In other cases, such as for short trips between points on the Diamond Head-side of

Downtown Honoluly, the Elevated Railway - by virtue of its full grade-separation — would provide shorter
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way versus Light Rail

travel times. In the ‘Eva-direction, beyond Middle Street, Light Rail would offer travel times comparable to

those of the Elevated Railway or, at most, a minute longer.

This discussion leads to a fundamental question relating to the cost-effectiveness of the HHCTC Project as
currently proposed: “How much is a minute less of travel time worth in terms of capital investment?” Light
Rail can reduce the capital investment requirements of the First Project substantially, allowing it to be built for
less money or allowing a larger rail transit system benefiting a greater percentage of the residents of Honolulu

1o be built with the same total amount.
Funding for rail transit projects does not come for free; it must be provided at the taxpayer’s expense through
federal, state and/or local taxes and hence should be expended prudently and wisely, especially so under the

current nation-wide economic conditions.

The trade-off before Honolulu — where the choice between an Elevated Railway and Light Rail is concerned —

comes down to this:

“Is reducing twelve minutes of end-to-end travel time on a twenty miles-long rail transit project worth
spending an additional implementation cost of §1,800,000,000 or $150,000,000 per minute?”
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CONCLUSION

At this critical junction in development of modern rail transit system to serve the Leeward Side of the Island
of O‘ahu, Light Rail provides the City and County of Honoluly, as well as its citizens, with an opportunity to
obtain a “best fit” that will allow the initial phase of the Honolulu High-Capacity Transit Corridor Project to
be implemented at significantly lower cost, in fewer years and with far less adverse environmental impacts.
Light Rail can provide the same passenger-carrying capacity as the automated light metro technology Light
Rail, by virtue of its ability fo access the very heart of Downtown Honolulu via the Hotel Street Transit Mall,
can offer origin-to-destination travel times competitive with the proposed Elevated Railway when walking

time to and from elevated stations located along Nimitz Highway is taken into consideration.

By providing better use of and value for limited sources of money, the adoption of Light Rail technology
also can facilitate expansion of the rail transit system to West Kapolei, UH-Manoa and Waikiki. In contrast,
attempting to proceed with extending the Elevated Railway for an additional nine miles to these areas of
Honolulu would add at least an additional $2.4 billion to its current implementation cost of $5.4 billion,

raising the total cost to $7.8 billion — in all likelihood to an amount in excess of $8 billion.

In November 1999, in the Detailed Progress Report to City Council of what was then called the Primary
Corridor Transportation Corridor Project, the City Administration’s consultants (whe continue to work on the

HHCTC Project) reported that:

“Rather than considering transit technologies entailing massive and costly elevated structures and
tunnels, the Primary Corridor Transportation Project is considering transit alternatives that can

occur at-grade and fit within existing transportation rights-of-way. Built at a more human scale, such
alternatives can preserve the City s neighborhoods and protect the environment while stimulating growth
in desived arveas. To meet established needs, mobility is now mixed with livability goals. Within this
hroader context is recognition that a network of transit-oriented improvements fitting the mobility needs

and growth — or non-growth — objectives of each isiand community is best.”

Those observations, pertinent almost a decade ago, are even more pertinent in today. Compared with the
Elevated Railway currently being pushed forward by the City Administration in a *“rush to judgment”
intended to ensure its de facto and non-reversible implementation regardless of public concerns about its
advisability, a Light Rail solution is the best way forward for achieving the mobility and livability needs of
Honolulu’s community at large — residents, businesses and employees, educational institutions and students,
entertainment venues and their audiences, hotels and restaurants and their guests, military installations and
their personnel, sports centers and their fans, and even tourists on holiday “In Our Island Paradise,” all will

benefit most from the adoption Light Rail.

“It’s the way to go.”



Region IX of the U.S. Environmental Protection Agency to Region IX of the Federal Transit Administration,

Subject: Draft Environmental Impact Statement for the Proposed Honolulu High-Capacity Transit Corridor
Project, Qahu, Hawaii (CEQ#20080469), February 12, 2009

sﬂmum,\, '3

) a%\ﬁo sr,,,.%
M %:,- UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
s REGION IX

2 A
% prate 75 Hawthome Street
San Francisco, CA §4105-3901

February 12, 2009

Mr. Ted Matley

1).8. Department of Transportation
Federal Transit Administration
201 Mission Street, Suite 1650
San Francisco, California 94103

Subject: Draft Environmental Impact Statement for the Proposed Honolulu High-
Capacity Transit Corridor Project, Oahu, Hawaii (CEQ #20080469)

Dear Mr. Matley:

‘The Environmental Protection Agency (EPA) has reviewed the above-referenced
document pursuant o the National Environmental Policy Act (NEPA), Council on
Environmental Quality (CEQ) regulations (40 CFR Parts 1500-1508), and Section 309 of
the Clean Air Act. Our detailed comments are enclosed.

While EPA supports the goal of providing transportation choices to the
communitics of Qahu, we have some concerns related to wetlands, water guality,
environmental justice, and noise impacts. EPA has rated this document EC-2,
Environmenta? Concerns, Insufficient Information. Please see the attached Rating
Factors for a description of our rating system.

We are particularly concemed that the Draft Environmental Impact Statement
(DEIS) does not contain any quantitative information about the location, acreage, and
potential impacts to aquatic resources, hydrology, and waters of the United States in the
project area. tmpacts to waters of the United States will be subject to Clean Water Act
(CWA) Section 404 (b)(1) Guidelines (40 CFR 230). Ifit is determined that an
Individual Permit is required, only the Least Environmentally Damaging Practicable
Alternative (LEDPA} can be permitted pursuant to the 404 (b)(1) Guidelines. In addition,
without any data regarding potential impacts to hydrologic flows and poiential
downstream impacts, it is difficult to determine whether significant impacts may occur
and what mitigation commitments are needed. EPA recommends that a meeting be
scheduled with our wetlands staff and staff of the U.S. Army Corps of Engineers
Regulatory Branch to discuss CWA requirements and potential project impacts 1o

hydrology in the area.
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We are also concerned that required consultatian processes, such as 1) Section
106 consultation for potential impacts to historic and archaeclogical resources, 2 the
water quality assessment associated with the sole source aquifer, and 3) the determination
of consistency with the Hawaii Coastal Zone Management Program, have not been
completed. These processes shouid be completed prior to publication of the Final
Environmental Impact Statement (FEIS) in order to determine whether or not significant
impacts will result. The FEIS should document the specilic consultation processes, any
additional impacts identified through this courdination, and all resulting mitigation
commitments.

Finally, while we believe that most of the alternatives eliminated prior to the
DEIS are documented sufficiently, we have rernaining questions about why light rail or
bus rapid transit in an exclusive right-of-way were not considered as reasonable
alternatives in the DEIS. Additional information should be inchided in the FEIS
explaining why these technologies were not considered to be reasonabie alternatives and
were therefore not reviewed in the DEIS.

‘We appreciate the opportunity to review this DEIS and look forward to future
coordination on the project. When the FEIS is released for public review, please send two
copies to the address above (mail code: CED-2). If you have any questions, please
contact Connell Dunning, Transportation Team Leader, at 415-947-4161, or Carolyn
Maulvihill, the lead reviewer for this projeet, at 415-947-3554 or
nrulvihill.carolyn@epa.gov.

Sincerely,

WW

(D}/ Kathicen M. Goforth, Manager
Environmental Review Office (CED-2)

Enclosures: )
Summary of EPA Rating Definitions
EPA’s Detailed Conmments

cc:  Wayne Y. Yoshioka, Department of Transportation Services, City and County of
Honolulu
Susan Meyer, U.8. Army Corps of Engineers



EPA DETAILED COMMENTS ON THE DRAFT ENVIRONMENTAL IMPACT STATEMENT FOR
THE PROPOSED HONGLULU HIGH-CAPACITY TRANSIT CORRIDOR PROJECT, FEBRUARY 12,
2009

Alternatives Analysis

EPA recognizes that a significant amount of analysis of alternatives has taken
place and has been documented prior to the Draft Environmental Impact Statement
(DEIS). While we believe that most of the alternatives eliminated prior to the DEIS arc
documented sufficiently, we have remaining questions about why light rail or bus rapid
transit in an exclusive right-of-way were not considered as reasonable alternatives in the
DEIS. The Final Environmental Impact Statement (FEIS) should identify the specific
rationale behind the elimination of these technologies from consideration.

Recommendation:

o Inchide additional information in the FEIS explaining why light rail or bus
rapid transit in an exclusive right-of-way were not considered to be reasonable
alternatives and were therefore not reviewed in the DEIS, If these
technologies may have resulted in fewer environmental impacts, further
justification is warranted to substantiate why those less damaging alternatives
were not carried through for consideration.

It is also our understanding that modifications to the alignment described in the
DEIS are being considered in order to avoid federal facilities in the current project area.
These changes and the impacts associated with them should be described in the FEIS,
along with the reasons for considered modifications, If significant variations from the
analyzed alternatives are proposed, the Federal Transit Administration (FTA) and the
Department of Trapsportation Services (DTS) should consider preparing a Supplemental
DEIS for public review. EPA is available to discuss with FTA and DTS the appropriate
level of environmental documentation needed should new information be incorporated
into the document.

Recommendation:

» Include information in the FEIS about any changes to the proposed alignment
and impacts associated with those changes. Consult EPA rogarding the
appropriate level of documentation.

We understand that the project will eventually include extensions of the proposed
project on both ends of the initial segment. However, the extensions to the project were
not analyzed in this DEIS. It is critical that selection of the altemative for the initial
segment not preclude a reasonable range of alternatives for those future extensions.
Given that the proposed project is an clevated structure, there are few remaining
alternative sites where the subsequent extension projects can “link™ to the project. The
extensions should be viewed as reasonably foreseeable future actions and, as such, should
be analyzed thoroughly in the cumulative impact analysis. Specificaily, what additional
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resources of concern will be affected should the proposed action be cammied forward and
should the proposed extensions be built?

Recommendation:

e Ensure that selection of the alternative for the initial segment will not preciude
a reasonable range of alternatives for future extensions. Include an analysis of
potential impacts, and mitigation for those impacts, that would occur should
the extensions to the project be built. Identify all reasonably foresceable future
actions associated with the placement of the proposed project as well as the
impacts to resources from those future actions. Provide any mitigation for
these identified cumulative cffects.

Wetlands and Waters

In our January 6, 2006 and April 13, 2007 scoping comments, EPA stated that the
DEIS should disclose the approximate area of waters of the United States that ocour
within the study area of the proposed project, including permanent and intermittent
streams and wetlands. The Clean Water Act (CWA) Section 404(b)(1} Guidelines at 40
CFR Part 230.10(a) state that “... no discharge of dredged or fill material shall be
permitted if there is a practicable alternative to the proposed discharge which would have
less adverse impact on the aguatic ecosystem, so long as the alternative does not have
other significant adverse environmental consequences.” While the DEIS states that “no
direct impacts to wetlands are expected” {page 4-134), EPA believes that it is likely that
the project will have both direct and indirect impacts to waters of the United States. FTA
and DTS will have to demonstrate that potential impacts to waters of the United States
have been avoided and minimized to the maximum extent practicable prior to obtaining a
CWA Section 404 permit (40 CFR 230.10(a) and 230.10(d)). Our scoping comrmens
firther recommended that the following information be included in the DEIS, and we
feiterate that this information should be included in the FEIS.

We also recommend that DTS meet with EPA wetlands staff and staff of the U.5.
Army Corps of Engineers to discuss Scction 404{b)(1) requirements. Please contact
. Wendy Wiltse of EPA’s Honolulu office at 808-541-2752 1o arrange a meeting.

Recommendations:

e Work with EPA and the Corps to acquire a jurisdictional delineation of waters
of the United States and impacts to those waters in the project arca.

s Demonstrate that all potential impacts to waters of the United States have
been avoided and minimized. Il these resources cannot be avoided, clearly
demonstrate how cost, logistical, or technological constraints preclude
avoidance and minimization of impacts.

» Quantify the benefits from measures and modifications designed to aveid and
minimize impacts to water resources; for example, number of stream
crossings avoided, acres of waters of the United States avoided, etc.
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» Identify all protected resources with special designations and all special
aguatic sites’ and waters within state, local, and federal protected lands.
Additional steps should be taken 10 avoid and minimize irapacts to these
areas.

s Identify and commit to mitigation for any unavoidable impacts. Include a
timeframe for implementation of mitigation commitments along with the
responsible party.

Water Quality

The DEIS states that 2 Water Quality Impact Assessment is underway, as required
in areas that depend upon a sole source aquifer for drinking water. The results of this
assessment should be included in the FEIS.

The DEIS also states that the project’s consistency with the objectives and
policies of the Hawaii Coastal Zone Management Program will be reviewed by the
Department of Business, Economic Developmeni & Tourism (DBEDT) Office of
Planning. This review should be completed and documented in the FEIS.

While we support DTS’s plan to implement permanent best management practices
(BMPs) to manage stormwater runoff, we do not believe that there is sufficient
information in the DEIS to document that the project will have no adverse impacts on
water quality due to increased pollutants in stormwater. Additional information is needed
in the FEIS o support the conclusion that there will be no adverse impacts to water
guality. Where the proposed project will widen existing roads, the current stormawater
detention basins and strectures should be evahiated to determine if they will continue to
pe effective. We also recommend the use of green infrastructure as part of stormwater
management. Detailed information about green infrastructure approaches is available at
Iitp:/iefpub.epa. govimpdes/preeninfrastructure/technologyv.cfim.

The FEIS should also include a discussion of other impacts the project may have
on locat hydrology, such as sediment fransport, groundwater recharge, and flood
aftenuation, and how these impacts would be minimized or mitigated.

Recommendations:

o Inciude the results of the sole source aquifer water quality assessment in the
FEIS and confirm that no significant impacts will result, Identify specific
mitigation measures for any potential impacts.

s Include a discussion of the DBEDT O{lice of Planning review of the project’s
consistency with the Coastal Zone Management Program and confirm that the
project is consistent with the program.

! Special aguatic sites are defined at 40 CFR 23040 — 230.45 and mclude wetlands, mud flats, vegetated
shaliows, coral reefs, and riffle and pool complexes.
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¢ Consider including green infrastructure in the permanent BMPs for
stormwater managernent and document the BMPs in the FEIS.

« Identify the project’s impacts on local hydrology, such as sediment transport,
groundwater recharge, and flood attenuation in the FEIS rather than waiting to
analyze these impacts at a future date. Include specific mitigation
commitments in the FEIS and identify how these mitigation actions will
reduce impacts to surface hydrology. Inchude an analysis of potential
hydrological impacts due to the reasonably foreseeable future extensions of

the proposed project.

Noise Impacis

The DEIS, including the visual impact simulations, indicate that residents in a
mumber of areas may experience significant noise impacts due to the proximity of the
project to homes. EPA encourages DTS to consider noise abatemont measures 1ot
specified in the DEIS, such as noise insulation of receptor sites.

EPA also recommends that particular attention be given to potential noise impacts
and mitigation in the vicinity of Pear! Harbor and the USS Arizona Memorial.

Recommendations:

s Consider additional noise abatement measures, such as noise insulation of
receptor sites, for residences and other sensitive receptors that would 7
experience noise impacts, Provide quantitative information in the FEIS on the
decrease in noise impacts from additional mitigation strategies.

e Provide additional noise mitigation in the vicinity of Pearl Harbor and the
USS Arizona Memorial, if necessary o preserve the contemplative nature of
the site.

Environmental Justice

EPA previously provided feedback on the environmental justice (EJ) analysis
methodology proposed for this project, which was based on the Oahu Metropolitan
Planning Organization’s method for determining EJ areas. While we believe that the
DEIS appropriately identifies EJ areas, we have concerns about the proposed relocation
of residents of the Banana Patch community, which is identified in the DEIS as an EJ
area of concern. We encourage DTS to choose an alternative alignment that would avoid
relocation of this community. If no reasonable avoidance alternative exists, EPA
recommends that extensive efforts be made to communicate and consult with the
community in planning and implementing the project, and that all past and future
consultation activities with this comnunity be documented in the FEIS.

In addition, EPA recommends that additional assistance be provided to any other
residents of environmental justice communities who will be relocated.
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Recommendations:

e Identify an alternative alignment that would avoid the Banana Patch
community and alter the proposed action to accommodate this modification.

s Document the content and outcomes of the community meeting held with the
Banana Patch community, as well as any other past or planned commumnication
with the community, in the FEIS.

o Identify and commit to specific mitigation measures to minimize the impacts
of relocation on low-income and minonty populations.

» . Conduct interviews with afl potential displacees who have special needs to
ensure that issues are fully identified and a plan for assistance is prepared.
Based on the results from these interviews, identify and commit to additional
measures to minimize the impacts of relocation, such as providing translation
services, transportation to visit potential replacement housing, and/or
additional relocation specialists to work with these communities,

Section 106 Consuitation

The DEIS states that Section 106 consultation is ongoing. The consultation
process should be completed prior to release of the FEIS and the process and required
mitigation should be documented. This is critical to the determination of whether the
project will have significant impacts on historical resources.

Recommendation:

s Compleic the Section 106 process and document al! related mitigation
conmmitments i the FEIS, Confinm in the FEIS that the Section 106
consultation process included analysis of potential impacts from the
reasonably foresceable future action of the proposed extension of the project.
Identify what, if any, additional impacts to historical properties may ocour
with future extensions of the project.

Invasive Species

EPA’s January 6, 2006 and April 13, 2007 scoping comments included
recommendations for minimizing the spread of invasive specics. The islands of Hawaii
are particularly vulnerable to invasive species, and construction associated with the
project has the potential 1o aid in the establishment of invasive plants along any newly
disturbed corridors. We reiterate our recommendations below and request that they be
addressed in the FEIS.

Recommendations:
e In accordance with Exceutive Order 13112, identify proposed methods to

minimize the spread of invasive species and utilize native plant and tree
species where revegetation is planned.
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+ Coordinate invasive species management with local agencies and
organizations, such as the Oahu Invasive Species Committee: a voluntary
partnership organized to prevent new invasive species infestations on the
island of Oahu, to eradicate incipient invasive species, and to stop established

" invasive species from spreading on Oahu (hitp://www.hear.org/oise/).

e Coordinate measures to reduce the potential for the spread of invasive species
with other ongoing planning efforts. Additional resources related to Federal
and State programs to address invasive species can be found at:
hitp:/fwww.invasivespeciesinfo.gov/

Visual Empacts

The DEIS indicates that there may be significant visual impacts resulting from the
project. Context sensitive design can be used to mitigate these impacts.

Recommendation:

e Utilize context sensitive design, including neighborhood-based design
guidelines and community input, as much as possible to mitigate the project’s
visual impacts.

Climate Change

Research on global climate change indicates that many coastal arcas may be
impacted in the future by sea level rise. The IPCC projects that global sea level will rise
between 7 and 23 inches by the end of the century (2090-2099) relative to the base

period {1980-1999). According to the IPCC, the average rate of sea level rise during the

21st century is very likely 1o exceed the 1961--2003 average rate. Storm surge levels are
also expected to increase due to projected sea level rise. Combined with non-tropical
storms, rising sea level extends the zone of impact from storm surge and waves farther
inland, and will likely result in increasingly greater coastal erosion and damage.”

Recommendation:

+ Include a discussion in the FEIS of the potential impacts of climate change on

the proposed project and identify adaptive management strategies to protect
the project area from those impacis.

2 1pcC, 20070 Summary for Policymakers. In: Climare Change 2007 Impacts, Adaptation and

Vulnerability. Contritution of Working Group IT to the Fourth Assessmeni Report of the Intergovernmental
Panel on Climate Change [Parry, M.L., O:F. Canziani, LP. Palutikof, P.J. van der Linden and C.E. Hanson

(eds.)]. Cambridge Univessity Press, Cambridge, United Kingdom and New York, NY, USA.
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Notice of Intent to Prepare an Environmental Impact Statement for High-Capacity Transit Improvements in
the Leeward Corridor of Honolulu, HI, published in the Federal Register / Vol. 72, No. 50 / Thursday, March
15, 2007 (Pages 12254 to 12257)

[Federal Register: March 13, 2007 (Volume 72, Number 30)] [Notices] [Page 12254
12257] From the Federal Register Online via GPO Accoss [wais.access gpe.gov]
[OCHXF 1 3mel)7-124)

PEPARTMENT OF TRANSPORTATION
Fedoral Transit Adminestration

infent "o Prepare an Environmental Impact Statement for High- Capacity Transit
Tmprovements m the Loeward Comidor of Honolulu, HI

AGENCY: Fedorad "Fransit Administration, O]
ACTHON: Motice of Intent to prepare an Environmental Impact Staiement (EIS),

SUMMARY: The Federal Transit Administration (FTAY and the City and County of
Honoluln, Department of Transportation Services (DTS} intend 1o prepare an ElS on a
proposal by the City and Coumy of Honolalu 1o implement a fixed-guidoway transit
system in the corridor between Kapolei and the University of Hawai'l st Manoa with a
branch to Waik'ik's, Alternatives proposed to be constdered in the draft EIS include No
Build and two Fixed Guideway Transit alternatives.

The FIS will be prepared to sabisfy the requirements of the National Environmental
Policy Act of 1969 (NEPA} and its implementing regulations. The FTA and DTS reguest
public and intcragency input on the purpose and need to be addressed by the project, the
atternabives (o he considered in the EIX, and the environmental and community impacts o
be evalusted,

DPATES: Scoping Comments Pue Date: Written conunents on he scope of the XEPA
review, includimg the project's purpose and peed, the alternatives to be considered, and
the related impacts 10 be assessed, should be sent 1o IVFS by April 12, 2007, See
ADDRESSES helow.

Scoping Mectings: Meetings 1o accept comments on the scope of the BIS will be held on
March 28 and 29, 2007 at the locations given in ADDRESSES below. On March 28,
607, the public scoping meeting will begin at £:30 pome and continue until Y pam. o7
until all who wish to provide oral comments have been given the opportunity. The
mecting on March 29, 2007 will begin at 3 p.m. and continue until § pm. or untl all who
wish 1o provide oral comments hase been given the opportunity.

The locations are accessible to people with disabilities, A court reporter will record oral
conunents. Forms will be provided on which to submit werittien sommients. Project statf
will he available at the meeting Lo informally discuss the EIS soope anid the proposed
project.

Cievernmmental agenvigs will be invited 10 # separate scopimg meeting to be held during
business hours, Further preject information will be available at the scoping meetings and
may also be obtained by calbng (808) 566-2299, by downloading from

g Swww honolulutransit ore, or by e-mailing infordhonolulstransit. gov.
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ADDRESSES: Writlen comments on the scope of the EIS. inchuding the project’s purpose
andt meed, e alternadives o be constdered. and the related Impacts 10 be assessed, shoukd
be sent 1o the Department of Transportation Services, City and County of 1lonelulu, 650
South King Street. 3rd Floor, Honolnda, [11 96813, Anention: Honolulu High- Capacity
Transit Corridor Project. or by the Iaternet at hup:/wwaw honolalitransit. org .

The scoping mectings will be hold at Kapolel Hale at 1000 TUluohiz Strect. Kapolel, HI
26707 em March 28, 2007 from 6:30 pa 1o 2 pm. and at MeXinley High School a1 1039
South King Sueet. Honolalu, HI 9814 on March 29, 2007 from 5 p.m. to & p.m.

FOR FURTHER INFORMATION CONTACT: Ms. Donna Turchie, Federal Frans#
Administration, Region [X, 261 Mission Strest, Room 1630, San Franciseo, CA 94105,
Phone: (415} 744-2737, Fax: (415 744-2726,

SUPPLEMENTARY INFORMATION:
1. Background

On December 7, 2005, FTA and 118 bsued a nolive of intent Lo prepare an Allernatives
amalysis Tollowad by a separate FIS. The TS has now completed the planning alteratives
analvsis and, together with FTA. is proceading with the NEPA review initiated through
titis seoping notice.

The planning Allematives analyvsis, conducted in accordance with 49 United Stales Code
(LU.8.0.3 3399 ax amended by the Sale, Accountable, Flexible, Effivient Transportation
Faguity Act: A Legaey for Users (SAFETEA-LU} (Pub. L. 10939, 119 St 1144),
evaluated transit alternatives in the cormidor from Kapolei 1o the University of Hawai'i st
Manea ang 1o Waik"ik'1. Four alternatives were studied, including No build,
Transportstion system Management, Hus operating in a Managed Lame, and Fixed
Guideway Frapsit. Fixed Guideway Transit was selected as the Locally Preferred
Alrernative. The planning Altematives Analvsis is available on the project’'s Web site a
ip: S wsew honolulufransit org,

The Honelule City Council has established a fixed-guideway Lransit system conpecting
Kapotet and University of Haowas'1 gt Manos, with a branch o Wik ik i, as the Jocally
preferred alternative. the (3 ahu Metropolitan Plansing Organization (OMPO) has
included construction of il fransit system between Kapolet and the University of
Hawai't at Manoa and Waik ik in fhe 2030 (¥ ahu Regional Transportation Plan, Apni)
Wi,

. Scoping

The FTA and DTS invite all interested individuals and organizations, and Federal, State,
arned focul governmental spencies and Native Flawanun organizations, 1o comanent on the
project’s purpose and need, the allermatives o be comsidered in the EIS, and the impacts
to be evaluated. During the scoping process, comments on the propesed statement of
purpose ik need should addross s completeness and adequacy. Comments on the
alternatives should propose alternatives that would satsfy the parpose and aeed at less
cost or with greater effectiveness or kess environmental or community impact and wers
not previously studicd and climinated for good cause. At this time. comments should
focus on the seope of the NEPA review and should not state » preferenue for a parlicuha



slteraative. The best opporfunily for that tvpe of input will be after the release of the draft
FIS.

Following the scoping process, public owtreach activities with interested panlies or groups
will cominue throughow the duration of work on the FIS, The project Web site,

httpwwew honofulitransit pre. will be updated periodicatly 0 reflect the stalus of the
project,

Additional Opportanities for public participation will be ansounced through mailings,
nutices, advertisements, and press releases. those wishing 1o be placed on the project
madling list may do se by registering on the Web site o hilp;www honotuletnsilors,
or by ealling (808} 566-2299,

L Descapiion of Stady Area

The proposed project study area is the trved corrider between Kapoled and the University
of Hawai'i at Manoa (UH Manoad and Waik’ak 'L this narrow, linear comridor is confined
by the Wal anac and Ko’ olau mountain ranges to the north {mauka direction} and the
occan 1o the south (mukai direetion). The corridor includes the majority of housing and
emplovment on O akiu, The 2000 census indicates that 876,200 people live on {Yahu. OF
this nurnber, over 532,000 people, or 63 percent, live within the corridor between Kapolei
and Manoa'Waik"ik"i. This area is projected to absorb 69 pereent of the population
growth projected (o occur on LY ahe between 2000 and 2030, resulling in an axpected
vorridor population of 776,000 by 2030 Over the next bwenty-three years, the
‘Ewa/Kapolet area is projected to have the hughest rate of housing and emplovment
growth on (¥ alue. The "Ewa'Kapolel area is doveloping as a sccond ety 1o
complement downtown Honelule, “The housing and emplovment growth in Ewa ix
identified in the General Plan for the City and Connty of Honoluls,

IV, Purpose and Need

The prepose of the Honolule High-Capacity Transit Corridor Project is 1o provide high.
capacily, high-speed transit in the lnghly congested eastewest transportation corridor
between Kapoiel and the University of Hawai'i at Manoa. as specified in the 2030 (¥ aln:
Regional Transportation Plan (ORTP). The project is intended to provide faster, more
reiable public transportation services n the corridor than those currently operating in
mixed-flow traffic. to provide basic mobilnty in areas of the corridor where people of
limited meome live. and to serve rapidiy developing arcas of the corridor. The project
would sfso provide an alternative W provide sulomobile travel and imiprove trnsit
linkages within the comidor. Implementation of the project, in conjunction with other
improvements included in the ORTY, would moderate anticipated traffic congestion in
the corridor. The praject also supports the goals of the © ahu General Plan and the ORTP

by serving areas designated Tor urban growih

The cxisting wransportation i imfrastructire in the corridor botween Kapolei and UH
Manoa is overburdened handling currend levels of frave] demand. Motorists and transi
users experience suhstantial waffic congestion and delay at mosl times of the day. both on
weckdayvs and on weckends. Average weekly peak-period spesds on the H-1 Freeway are
currently tess than 20 mph in many places and will degrade even further by 20300 Transit
vehicles are caught in the same congestion.
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‘Travelers on O ahu's roadways currently experience 51,000 vehicle hours of delay, a
measure of how much time is lost daily by travelers stuck in traffic, on a typical weekday.
This measure of delay 15 projecied to inerease to more than 71,000 daily vehicle hours of
delay by 2031, assuming implementation of all the planned improvements listed in the
ORTP (except for a fixed gudeway system). Without these improvements, ORTP
indicates that dailv vehicle-hours of delay could inerease to as much as 326,000 vehicle
hours.

Currenily, motorists traveling from West O"ahu to Downtown Honolulu experience
highly congested traffic conditions during the a.m. peak period. By 2030, after including
all of the planned roadway improvements in the ORTP, the level of congestion and travel
time are projected to increase further. Average bus speeds in the corridor have been
decreasing steadily as congestion has increased. " TheBus™ travel times are projected to
mcrease substantially through 2030, Within the urban core, most major arferial streets
will experience inereasing peak-period eongestion, including Ala Moana Boulevard,
Ditlingham Boulevard, Kalakaua Avenue, Kapi olani Boulevard, King Street, and Nimitz
Highway. Expansion of the roadway svstem between Kapolei and UH Manoa is
constrained by physical barriers and by dense urban neighborhoods that abw many
oxisting roadways. Given the current and increasing levels of congestion, a need exists to
offer an alternative way 1o travel within the corridor independent of current and projected
highway congestion.

As roadways become more congested, they become more susceptible to substantial
delays caused by incidents, such as traffic accidents or heavy rain. Even a single driver
unexpectedly braking can have a ripple effect delaying hundreds of cars. Because of the
operating conditions in the study corvidor, current travel times are not reliable for either
transit or automebile trips. To get to their destination on lime, travelers must allow extra
time in their schedules to account for the uncertainty of travel time. This fack of
predictability is mefficient and results in lost productivity. Because the bus system
primarily operates in mixed-trafiic, transi{ users experience the same level of ravel time
unecertainty as atomobile usors. A need exists to reduce transit travel times and provide a
more reliable transit system,

Consistent with the General Plan for the City and County of Honolulu, the highest
population growth rates for the istand are projected in the "Ewa Development Plan area
{comprised of the "Lwa, Kapolei and Makakilo communities), which is expected to grow
by 170 percent between 2000 and 2030. This growth represents nearly 30 percent of the
total growth projected for the entire island. The more rural areas of Wai'anae, Wahiawa,
North Shore, Waimanalo, and East Henslulu will have lower population growth of
between zero and 16 percent if infrastructure policies support the planned growth in the
"Ewa Development Plan area. Kapolei, which is developing as a “second city" to
Downtown Honolulu, is projected to grow by nearly 600 percent is 81,100 people, the
“Fawva neighborhihood by 100 percent, and Makakilo by 123 percent between 2000 and
2030. Accessibility to the overall "Ewa Development Plan area is currently severely
impaired by the congested roadway network, which will onby get worse in the future,
This area is less likelv to develop as planned unless it is accessible o Downtown and
other parts of O"ahu; therefore, the "Ewa, Kapolei, and Makakilo area needs improved
accessibility to support its fiuture growth as planned.
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Many lower-income and minority workers live in the comridor outside of the urban core
and commute to work in the Primary Lirban Center Development Plan area, Many lower-
income workers also rely on transit because of its affordabitity, In addition, daily parking
costs in Downtown Honelulu are among the highest in the United States, further limiting
this population's aceess lo Downtown. Improvements Lo transit capacily and reliability
will serve ail transportation system users, including moderate- and low-income
populations.

V. Allernatives

The alternatives proposed for evaluation in the EIS were developed through a planning
Abernatives Analysis that resulted in selection of a Fixed Guideway Transit Alternative
a3 the locally preferred alternative (LPA). FTA and DTS propose to consider the
following alternatives.

Future No Boild Alternative, which would include existing transit and highway facilities
and planned transportation projects (excluding the proposed project) anticipated to be
operational by the vear 2030. Bus service levels consisten? with existing transit service
poticies s assumed for all areas within the project corridor under the Future No Build
Alternative.

Fixed Guideway Alternatives, which would include the construction and eperation of a
fixed guideway transit system in the corridor beitween Kapolei and UH Manoa with a
branch to Waik’ik'i. The draft EIS would consider five distinet transit technologies: Light
trail transit, rapid rail transit, rubber-tired guided vehicles, a magnetic levitation system,
and a monorail systen.

Comments on reducing the range of technologics under consideration are encouraged.
The drafi EIS also would consider two alignment alternatives, Both alignment
ahtemnatives would operate, for the most part, on a transit-guideway structure elevated
above the roadway, with some sections at grade. Both alignment aliernatives generally
follow the route: North-South Read to Farrington Highway/Kamehameha Highway to
Salt Lake Boulevard to Dillingham Boulevard to Nimitz Highway? Halekauwila Street.
Both alignment alternatives would have a future extension from downtown Honelulu to
UH Manoa with a future branch to Waik'ik™i, and a fuiure extension at the Waianae
{westcrn) end to Kalacloa Boulevard in Kapolei. The second alighment altemative would
have an additional loop created by a fork in the alignment at Aloha Stadiam to serve
Honolula International Airport that rejoins the main alignment in the vicinify of the
Middle Street Transit Cenler. The first construction phase for either of the Fixed
Guideway Alternatives is currently expected to begin in the vicinity of the planned
University of Hawai'i West O ahut campus and extend to Ala Moana Center via Sait Lake
Boulevard. 'The Build alternatives also include the construction of a vehicle maintenance
facility, transit stations and ancillary facilities such as park-and- ride lots and traction-
power substations, and the modification and expansion of bus service to maximize
overall effictency of transit operation.

Other reasonable alternatives suggested during the scoping process may be added if they
were not previously evaluated and eliminated for good cause on the basis of the
Alternatives Analysis and are consistent with the project's purpose and need. The
planning Alternatives Analysis is available for public and agency review on the project
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Web site at htip: www honolulutransit.org. It is also availablke for inspection at the

project office by calling {80X) 566-2299 or by e-mailing infodi honolulyiransitorg.
V1. Probable Effects

The EIS will evaluate and fully disclose the environmemtal conseguences of the
construction and oporation of a (ixed guideway transit svatem on O'ahu. The EIS will
evaluate the impacts of ali reasouable alternatives on Tand use, zoning, residential and
business displacements, parklands, economic development, conmunity disruptions,
environmantal pistice, agsthetics. noise, wildlife, vogetation, endangered speeips,
farmdand, water guality, wetlands, walerways, Noodplaims, hazardons waste malerials,
and culiural, historic, and archazological resources. To ensure that all significant issues
related to this proposed action are identificd and addressed, scoping comments and
suggestions on more specific issues of environmenial or community impact are invited
Troem ol interested parties, Comments and guestions showld be directed 10 the DTS as
noted i the ADDRESSES section above,

VL FEA Procedures

The FI8 will be prepared in accordance with the National Environmental Policy Act of
1969 {NEPA). as amended, and #ts implementing reguilations by the Conneil on
Environmental Quality {CEQ) (44 CFR parts 1500-1508) and by the FTA and Federal
Highway Administration " Enviconmental limpact and Related Procedures” at 23 CFR
part 7713 In acvordance with FTA regulation and policy. the NEPA process will also
address the requirements of other applicable environmental laws, reguiations, and
executive orders, including. but not limited to: Federal ransit laws {49 U.8.C. 3301,
$323b). and 3324 b)), Section 106 of the National Historic Preservation Act, Section
HH{ " Protection of Public Lands™} of the U8, Department of Transportation Act (49
ELE.C303) Section 7 of the Endangered Speeies Act. and the Exceutive Orders on
Environmenial Justice. Floodplain Management, and Protoction of Wetlands.

Dated: March 12, 2007,
Leshie T. Rogers, Regional Administeator,
IFR Doc, 57-1237 Filed 3-14-07; 8:45 am] BELLING CODE 4910-37.M
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LIGHT RAIL DESIGN CRITERIA SUITABLE FOR HONOLULU

General Light Rail Transit (ILRT) System Characteristics

The following design criteria have been drawn from that prepared for CCH/DTS by its consultants and
released by CCH with a Request of Information (RFI) from potential fixed guideway suppliers. That
solicitation was accompanied by a First Project Systems Characteristics Information Package that limited
acceptable technology offerings to those with third rail traction power distribution (no Overhead Contact
System), stations with high-level platforms, and fully automatic train operation. Results of that soligitation
where made public by on January 29, 2009.

While based in large measure on the City’s RFL, its requirements have been modified and supplemented in
this report to reflect those of a light rail transit system — as distinet from an avtomated light metro — with
the capability of operating on surface-level alignments, as well as on private rights-of-way and elevated

structures.

Route Length

« Minimum Operating Segment (MOS) or First Project (East Kapolei to Ala Moana Center) — approximately
20.5 miles

+ Future Extensions — (West Kapolei, UH-Manoa, Waikiki, etc.} ~ to be determined but approximately nine
miies of additional LRT routes

Line Capacity
= Initial requirement — 8,100 passengers per hour per direction (pphpd)
» Long-term growth capability (contingency) — 12,150 passengers per hour per direction (pphpd) between

Kapolei and Downtown Honolulu

Minimum headway

» Initial requirement — 3 minutes
+ Future requirements
- Kapolei to Downtown Honolulu — 2 minutes

- Downtown Honolulu to Ala Moana Center — 3 minutes

Hours of Operation

- Mondays through Thursdays — 4:00 AM to 12:00 Midnight-{first Ala Moana Center-bound departure from



East Kapolei and last East Kapolei-bound departure from Downtown Honolulu)

« Fridays, Saturdays and Minor Holidays - 4:00 AM to 2:00 AM (first Ala Moana Center-bound departure
from East Kapolei and last East Kapolei-bound departure from Downtown Honolulu

» 6:00 AM to 9:00 AM weekday morning peak period (Ala Meana Center-bound arrivals in Downtown

Honolulu)

3:00 PM to 6:00 PM weekday atternoon peak period (East Kapolei-bound departures from Downtown
Honelulu)

Sundays and Major Holidays — 6:00 AM to 12:00 Midnight (first Ala Moana-bound departure from East
Kapoilei and last East Kapolei-bound departure from Downtown Honolulu bound

L3

Average Speed

» Twenty miles per hour (20 mph) minimum for full length of the First Project, with desired end-to-end trip
time of no more than one hour — preferably 50 minutes ~ making all stops with a 20-second dwell time
at each station; East Kapolei to Downtown Honolulu to be achieved within 35 minutes {30 mph average

speed)

Alignment

« Mixture of exclusive private right-of-way, fenced-in private right-of-way, open private right-of-way,
elevated structures, roadway medians, reserved transit-only lanes in streets and malls, and mixed traffic

lanes in streets, as determined by public policy decisions and site specific requirements

Rolling Stock

« Light rail vehicles capable of operating on all of the alignment options listed above and as described below

Station Spacing

« Approximately one-mile average but varying between two miles and one-quarter mile depending upon

route, activity centers and site specific requirements.
Fare Collection
» Self-service Proof-of-Payment (POP) system with random fare media/ticket collection; transit system

passes and date/time limited passes as valid fare media

- Ticket vending machines and ticket validators located in at all stations
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Infrastructure

Station Types

Surface Alignments — side or center low-level platforms equipped with simple shelters, ticket vending and
canceling machines, informational displays, communications equipment, and lghting

Elevated Alignments — side or center low-level platforms equipped with canopies, ticket vending and
canceling machines, informational displays, communications equipment, and lighting. Access to / egress
from elevated stations required to both sides of streets or highways over which elevated alignments are
constructed. Elevators, escalators and stairways required between street level and mezzanines and between

mezzanines and platforms,

Guideway

r

Double-tracked on private rights-of-way, elevated structures, medians, transit-only malls.

Double-tracked or single-tracked in transit-only lanes or in mixed traffic lanes dependent upon site-specific
requirements, including location on one-way sireets.

Standard gauge (4°-8'4” or 1435mm) track.

Right-of-Way Types/Maximum Allowable Speeds

»

Completely exclusive surface-level] private rights-of-way — 65 mph wherever achievable within geometric
constraints

Fenced-in surface-level private rights-of-way — 63 mph wherever achievable within geometric constraints
Elevated structures — 65 mph wherever achievable within geometric constraints

Open private rights-of-way with protected level crossings of intersecting streets — 45 mph

Roadway medians with protected level crossings of intersecting streets — 45 mph or posted speed limits for
motor vehicles, whichever is lower

Transit-only malls with open pedestrian access — 20 miles per hour

Transit-only lanes along public streets — 30 mph or posted speed limits for motor vehicles, which ever is
lower

Mixed traffic lanes 30 mph or posted speed limits for motor vehicles, which ever is lower

Route Geometric Consiraints

°

Minimum Horizontal Track Radii:
- Exclusive, Fence-In or Open Private Rights-of-Way -- 400 feet
- Elevated Structures — 400 Feet
- Maintenance and Storage Facilities — Preferably 150 feet where achievable but not less than 100 feet
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- Medians — Preferably 125 feet where achievable but not less than 100 feet if required by roadway

alignment

- Existing Transit-Only Malls — As required by existing alignments but not less than 60 feet

- New Transit Malls — Preferably 125 feet if compatible with other design elements but not less than 60
feet

- Transit-Only Lanes in Streets — Preferably 100 feet if compatible with other requirements but not less
than 60 feet

- Mixed Traffic Lanes in Streets — Preferably 82 feet but not less than 60 feet where slow-speed right-hand
or left hand turns are required

Note: Seventy percent {70%) low-fioor light rail vehicles built for in use in the United States that can
negotiate horizontal radius curves as low as 42 feet (AnsaldoBreda- built cars in service on the Massachusetts
Bay Transportation Authority’s Green Line system). Similar low-fioor LRV in service on New Jersey
Transit’s Newark City Subway (built by Kinki-Sharyo) were designed for 59-foot minimum radius curves
and negotiate a 61-foot radius at Newark’s Pennsylvania Station. Other manufacturers have delivered LRVs
designed to negotiate minimum radius curves of 82 feet for use on numerous “new start” North American
light rail transit systems. One hundred percent (100 %) low-floor light rail vehicles designed to negotiate

minimum radius curves of 18 meters (39 feet) or less are in use throughout Europe and in some Asian cities.

Minimum Horizontal Track Lengths

= Private rights-of-way and elevated structures
- Curves — 100 feet
- Tangents — 100 feet
~ Spirals — 100 feet

+ Maintenance and Storage Facilities
- Curves - As required by site-specific conditions
- Tangents - As required by site-specific conditions but not less than 20 feet

- Spirals — Preferably 100 feet but down to a minimum of 20 feet if required by site-specific conditions

» Medians, transit malls, transit-only lanes and mixed traffic lanes in public streets:
- Curves — As required by existing roadway alignments
- Tangents — As required by existing alignments but not less than 20 feet where reverse curves (S curves)
are required
- Spirals — Preferably 100 feet but down to a2 minimum of 20 feet if required by existing roadway

alignments

Vertical Alienments
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» Maximum gradient on private rights-of-way and elevated structures — six percent (6%)

+ Maximum gradient on medians, transit malls, transit-only lanes and mixed traffic lanes in public streets —
Preferably eight percent (8%) but up to ten percent {10%) if required to match an existing roadway gradient
for a short distance

» Maximum gradient at station platforms located on private rights-of-way and elevated structures - one
percent (1 %)

= Maximum gradient at station platforms located on medians, transit malis, transit-only lanes and mixed
traffic ianes in public streets — Preferably two percent (2% but up to five percent (5%) if required to maich
an existing roadway gradient

« Zero gradient mandatory in maintenance and storage facilities (with the exception of iead (entry and
exit) tracks upon which unmanned trains or cars will not be parked, stabled or subject to any form of

maintenance activity

Diverging/Converging/Crossing Reqguirements

« Private rights-of-way and elevated structures — minimum turnout equivalent to AREMA No. 10 (25 mph
capability) for diverging and converging track switches

+ Maintenance facilities and storage yards — minimum turnout equivalent to AREMA No. 6 (12 mph
capability) for diverging and converging track switches

= Paved tracks using grooved (girder) rails located in transit malls and streets — in accordance with APTA
Trackway Infrastructure Guidelines for Light Rail Circulator Systems (See Appendix A-5 to this report.)

« Track crossings (diamonds} shall be fixed, i.e. without moveable rails or other components

Station Dimensions

» Platform heights — 13.8 inches {350mm} above top-ofirail elevation at all locations
« Platform lengths at all locations:
- Initial requirement — 240 feet; and
- Future expansion capability — 300 feet.
» Center platform widths at stations located on private rights-of-way and elevated structures:
- Desirable minimum (including adequate provisions for elevators, escalators and stairways) — 30 feet
- Absolute minimum (with constrained provisions for elevators, escalators and stairways) — 24 feet
» Side Platform widths at stations located on private rights-of-way and elevated structures
- Desirable minimum (including adequate provisions for elevators, escalators and stairways) — 20 feet; and
- Absclute minimum (with constrained provisions for elevators, escalators and stairways) — 12 feet
« Platform edge screen doors at stations located on private rights-of-way and elevated structures:
- Mandatory with full automated train operations or where traction power distribution is by energized third

rails; or
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- Optional with manually-controlled train operations or where traction power distribution is by catenary,

trolley wire or third rail that is energized only when under a moving or stationary light rail vehicle or
consist.
» Mezzanine widths at stations located on elevated structures located above streets, highways or other public
thoroughfares:

- Of sufficient width to allow all vertical access elements {escalators, elevators and stairways to be located
at least with four feet clearance from any street curb or other fixed object other than a building;

- Of a width that will allow all vertical access elements (escalators, elevators and stairways to be located at
least with ten feet clearance from the face of any building; and

- Of a width that will allow a sidewalk of at least six feet width between any vertical access element
{escalators, elevators and stairways to be and the face of any building or permanent object that cannot be

negotiated around via a direct route by either an able-bodied person on foot or a wheelchair user.

Platform widths of stations located on medians of streets, highways or other thoroughfares:

« Center platforms (serving two tracks)
- H designed with access or egress in a grade-separated manner by elevators, elevators and/or stairways
leading from an overhead mezzanine or footbridge — 24 feet absolute minimum.
- If designed with access or egress through end loading/egress via a traffic light-protected crosswalk or
crosswalks — 16 feet absolute minimum.
» Side platforms (serving a single track)
- If designed with access or egress in a grade-separated manner by elevators, elevators and/or stairways
leading from an overhead mezzanine or footbridge — 16 feet absolute minimum
- if designed with access or egress through end loading/egress via a traffic light-protected crosswalk or

crosswalks — 12 feet absolute minimum

Platform widths of stations located in transit malls and along transit-only lapes or in mixed traffic lanes of
public streets

« Center platforms (serving two tracks)
- If designed with access or egress in a grade-separated manner by elevators, elevators and/or stairways
leading from an overhead mezzanine or footbridge - 24 feet absolute minimum
- [flocated with access or egress through end loading/egress via a traffic light-protected crosswalk or
crosswalks — 16 feet absolute minimum
» Side platforms (serving a single track)
- Iflocated along a sidewalk — Preferably 12 feet to allow for a shelter from sunshine and rain and for the
placement of fare vending equipment but § feet as absolute minimum to provide both holding space for
passengers and the movement of pedestrians, persons with wheelchair and other users of the public way

requiring unimpeded passage



- If designed with access or egress through end loading/egress via a traffic light-protected crosswalk or

crosswalks — 12 feet absolute minimum

Emergency Evacuation Walkways on Elevated Structures and along Exclusive or Fenced-In Private Rights-of-

Wavs

a

*

Must be continuous along the entire guideway.
Must be located:

- Between tracks on elevated structures (left side in normal direction of travel); and

- Adjacent to tracks (right side in normal direction of travel) on private rights-of-way and roadway median

alignments.

Not required in transit malls or transit-only lanes located adjacent to roadway curbs or in mixed traffic lanes
in public streets
Must be accessible from light rail vehicles
Minirmum evacuation walkway width — 32 inches (2°-8") to permit unimpeded evacuation by wheelchair
users as well as able-bodied persons
Evacuation walkway height - 13.8 inches (350mm) matching floor height of light rail vehicles at doorway
thresholds
Minimum maintenance walkway width — two feet (2°-0”)
Minimum maintenance walkway height — equal to top-of-rail elevation of nearest rail.
Evacuation and maintenance walkway widths must be clear of the vehicle dynamic envelope (including
those of light rail vehicles or other rail-mounted vehicles moving in either direction on adjacent tracks

Evacuation and maintenance walkways around track switches must meet state and local requirements

Traction Power Distribution Svstem

Regeneration capability provided on all main line and storage yard tracks

Wireless in environmentally-sensitive areas such as transit malls, transit-only or mixed traffic lanes where
use of an overhead line-based system would require removal or massive trimming of trees, or where
historically-significant buildings, statutes, fountains, etc. are present (acceptable technologies include
vehicle-mounted batteries, third rail that is energized only when under a moving or stationary light rail
vehicle or consist or other methods achieving same result)

Simple trolley wire with buried feeders permissible on medians, transit-only or mixed traffic lanes where
considered to be environmentally-acceptable (where wireless technology is not used)

Simple catenary with exposed feeder cables permitted on exclusive or fenced in private rights-of-way
Simple trolley wire with exposed feeders cables preferved at maintenance and storage facilities

Third rails, when employed on exclusive private rights-of-way or elevated structures, shall be either
centrally-located between running rails (preferred) or of the side-mounted under-running (bottom contact)

type. In either case, insulation material capable of protecting humans and animals from high-voltage
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shocks, as well as to preclude inadvertent grounding, shall be provided on three sides (sides and either top
or bottom as appropriate to the design). Sides shall be marked no less than every 20 feet with the “Danger

High Voltage” in English, Hawaiian and Chinese/Japanese characters.

Note: Dual Mode Traction Power Distribution for Light Rail Transit - A Design Option, a paper written
Jack W. Boorse of Parsons, Brinckerhoft, Quade and Douglas, Inc. reviews historic and current practice
with electric railway vehicles equipped to draw electrical energy from both overhead catenary or trolley
wire and third rail traction power distribution systems; it also presents technology options for contemporary
iight rail transit systems and their rolling stock. This paper was published by Transportation Research
Board as Record 1677, Paper 99-0593 and is included as A-4 in the Appendices to this Report.

Voltages
- 750 volts direct current (750 VD) required along transit malls, in transit-only and or traffic lanes along
public streets, and at maintenance facilities and storage yards regardless of method of supply to light rail
vehicles
- 1,500 volis direct current (1300 VDC) as a preferred alternate to 750 volis direct current (750 VD)
along private rights-of-way and roadway medians in order to minimize the number of substations and to
enhance light rail vehicle performance capabilities
Substation spacing
- Approximately one mile where 750 volts direct current (750 VDC) is being supplied to light rail vehicles
- Between one and onc-half miles and three miles where 1,500 volts direct current (1500 VDC) is being
supplied to light rail vehicles
Substation sizes — one to four megawatts (1.0 to 4.0 MW) as required to support operational requiremnents
including desired vehicle performance; and
Blue light system to allow localized emergency de-energizing of 4raction power distribution system in

selected geographic zones.

Train Control/Signal Systems

Bi-directional operations capability mandatory on all tracks

Automatic Train Operation (ATO) permissible on exclusive private rights-of-way and elevated structures
Automatic Train Protection (ATP) with Automatic Train Stop (ATS) mandatory on all private rights of way
and medians

Line-of-Sight (LOS) operations mandatory on transit malls, transit-only lanes and mixed traffic lanes on
public streets. GPS-based proximity detection to preclude closing-in on another light rail vehicle or bus
without first coming to a complete stop and then limiting speed to five miles per hour (5 mph) required
Central control of interlocking of track switches and crossings mandatory on private rights of way, elevated
structures and medians

Light rail vehicle-activated interfocking of track switches and crossings (using Vetag or equivalent



technology) mandatory in transit malls, transit-only lanes and mixed traffic lanes in public streets. Wayside

over-ride of interlocking to permit manual throwing of track switches required

= Line-of-Site (LOS) operations on all tracks in maintenance facilities and storage yards limited to ten miles
per hour (10 mph) except on test tracks and entrance and exit (yard lead) tracks

» All track switches in yards to be interlocked and activated by light rail vehicles (using {using Vetag or

equivalent technology)
Communications

= An Operations Control Center (OCC) in a location central to the light rail transit system is mandatory.

» The OCC shall control all light rail vehicle operations; all interlocked switches and crossings on private
rights-of-way, elevated structures and median alignments; access to all tracks, exclusive or fenced-in private
rights-of-way, elevated structure and median alignments by maintenance or other vehicles {including road-
rail vehicles); the presence of maintenance, security or emergency response personnel or their equipment
on any portion of the system; traction power distribution; and communications with employees, passengers,
and first responders.

« The OCC must be equipped to provide closed circuit television coverage (in color and recorded on
continuous 48 hour basis overlapping every 24 hours) of all station entrances, mezzanines and platforms,
as way as two-way voice communications with passengers, maintenance, security and emergency response
personnel,

+ A visual display in the OCC of the location of all light rail vehicles, either individuaily or in consists of
more than one car, while on main line tracks is mandatory.

« The OCC also must contain or control the following communications equipment

-« High-speed cable transmission system

- Pubtic address system allowing real-time or recorded announcements to be made at all stations and
selected other locations

- Variabie message signs {VMS) located on all station platforms and selected other locations, such as in
HNL airport. Message capability must provide “next three departures”™ on a predictive basis in each
direction at each VMS location

- Two-way radio between OCC and LRV drivers, maintenance personnel and security forces, with separate
channels for each user pair

- Internal and external telephone systems (land lines), including hot line to CCH’s emergency response
center to immediate response by police, fire and emergency medical services when required to manage
an incident

- Fire and emergency management systems for light rail transit system stations, railway structures,

maintenance facilities and storage yards, etc.

Noise and Vibration
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AppendixA-3 -

= The light rail transit system must be designed and maintained to satisfy or better the noise and vibration
levels and criteria established by the Federal Transit Administration {FTA) in its Transit Noise and Vibration
Impact Assessment Guidance Manual. The First Project should have a maximum combined goal of 75

dBA at stations (exclusive of any noise generated by adjacent uses such as motor vehicle traffic.

Other Characteristics

« Light rail vehicles and facilities, inchuding stations, must be fully accessible and meet all of the
requirements of the Americans with Disabilities Act, including U.S. Department of Transportation
regulations as contained in 49 CFR Part 38, Transportation for Individuals with Disabilities.

» Light rail vehicles and facilities must meet all Buy America requirerments,

= All aspects of the light rail transit system much be designed to be cost-effect, both with respect to initial

procurement and long-term operations and maintenance.
Rolling Stock (Light Rail Vehicles)

General

Light rail vehicles must be equipped with or have:

» A minimum service life of 25 years, preferably 30 years, if kept in a good state of repair.

» An attractive appearance with streamlined ends, i.e. “looking like an elongated shoebox™ is to be avoided
during industrial design.

= Articulated car bodies capable of negotiating curves with a minimum horizontal radius of 39 feet or less.

+ A length over anti-climbers of no less than 90 feet and no more than 125 feet.

« Car bodies of a modular design, constructed initially as three-section, six-axle vehicles with two double-
articulations approximately 90 feet-long, designed to be lengthened into four-section, eight axie vehicles
with three double-articulations approximately 120 feet-long.

= Car body exterior width of no less than 8 feet, § and % inches (2.63 meters) and no greater than 9 feet, zero
inches (2.74 meters).

= Four doorways per vehicle side providing entry to and egress from the passenger compartment when
in a configuration approximately 90 feet-long; five doorways per vehicle side when in a configuration
approximately 120 feet-long.

« One exterior doorway for access to and egress from the driver’s cab located on the right-side (facing
direction of travel) of each car body end.

» Low-floor car bodies with at least seventy percent (70%) of their length having a floor level and doorway
thresholds 13.8 inches (350mm) above top-of-rail.

= ADDA compliant throughout, including level boarding from or alighting to station platforms meeting three-
inch maximum gap width and plus or minus fifth-eighths of an inch allowable variation in height between

car body door thresholds and station platforms.
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Capable of being operated either under full automatic train operation (ATO) or manually by light rail

vehicle drivers.

» With air-conditioning capable of providing a comfortable temperature and humidity ambience inside the
passenger compartment under crowded conditions (AW?3 loading). Separate provisions required for the
driver’s cabs that must be capable of dealing with the additional heat generated by summer-season sun
loads.

« Electrical propulsion system capable of operating from 750 VBC and 1500 VDC power sources.

« Traction power collection from overhead contact system (catenary or trolley wire) using pantographs
capable of being raised or lowered on command of light rail vehicle drivers.

« Traction power collection from a third rail contact system using retractable shoes. Third rails shall be either
centrally-located between running rails (preferred) or of the side-mounted under-running (bottom contact)
type.

» When pantographs are raised, third rail shoes shall be retracted automatically and de-energized; when
pantographs are lowered, third rail shoes shall be deployed automatically and energized. Provision is
required to permit a driver to retract pantographs and third rail shoes simultaneously to shut down a light
rail vehicle or consist for storage, re-activation or due to an incident.

+ Regeneration capability shall be provided for use whenever the traction power distribution system is
receptive; on-board resistors shall be provided to permit dynamic braking whenever the traction power
distribution system is not receptive.

« Crash worthiness design compliant with the latest code and standards applicable in the United States,
including those of the Federal Government, the State of California (unless the State of Hawai‘i has adopted
a different code), and the recommendations of the American Public Transportation Association {APTA)
whichever has force of law or in the absence of codification provides greater safety for passengers and

transit system employees.

Fire safety performance in accordance with the latest edition of National Fire Protection Association

(NFPA) Code 1030 applicable to Fixed Guideway Transit Systems.

» Emergency evacuation provisions.

» Video monitoring and recording, both within car body interiors and of the guideway in front of the lead car
of a light rail vehicle or consist,

» Automatic vehicle location / vehicle management systems.

» Maintenance and diagnostic systems,

High reliability / availability / maintainability.

+ Low mean time to repair including modular systems designed for easy removal of a unit and replacement

with another permitting off-vehicle repairs.
- Resilient wheels and other noise mitigations measures,
« Automatic passenger counting system.
» Ergonomic design to accommodate the 5th percentile female to the 95th percentile male.

Performance
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L3

Maximum operating speed: sixty-five miles per hour (65 mph) minimum on level tangent track with AW3
loading, with a demonstrable ten percent over-speed capability (not to be used in revenue service) required

io ensure safe, maintainable and reliable characteristics of the propulsion, braking and vehicle suspension
sub-systems.

Acceleration rate: three miles per hour per second (3.0 mphps), held to at least 35 miles per hour tapering to
zero 5 mph above maximum operating speed.

Service braking rate: three miles per hour per second (3.0 mphps) using regenerative, dynamic or friction
braking. _

Emergency braking rate: six miles per hour per second (6.0 mphps), using regenerative, dynamic or friction
braking supplemented by magnetic track brakes.

Minimum main line horizontal radius (in-street trackage): 59 feet.

Minimum yard and shop horizontal radius: 59 feet, less if achievable.

Maximum grade capability: no less than eight percent (8%}, nine percent (%%) being preferable.

Passenger Accommodations

Predominately transverse seating in pairs (two-and-two) on both sides of a central aisle required.

Seats in high-Aoor areas at car body ends must face forward (in direction of travel) to permit passengers to
see through cab and observe the progress of the light rail vehicle along the alignment. Non-reflective glass
shall be used in the partition and door separating the passenger compartment from the cab.

Seats in low-floor areas of the passenger compartment should face towards door vestibules.

Pitch between seats no less than 30 inches. Seats facing bulkheads or partitions having minimum of 17%
inches between bulkheads or partitions and edge of seat cushion to provide adequate foot room for seated
passengers.

Seats padded but vandal-resistance materials comparable to those used on suburban buses; molded plastic
seats covered with carpet-like materials are not acceptable. Individual seat width of 18 inches minimum,
up to 20 inches if permitted by overall car body width providing that an ADA-compliant aisle width of 32
inches is maintained.

Minimum seated ratio: fifty percent (50%) of the passenger compartment floor area.

A minimum of two wheelchair spaces per vehicle; tip-up seats or standing body rests required in these
areas.

Dedicated space for luggage and four bicycles and/or surfboards provided in each light rail vehicle.

A Public Address system with auto-announcer, as well permitting announcements to be made by either the
driver or the OCC.

Dynamic destination and passenger information displays in the passenger compartment.
Passenger-to-driver or OCC emergency communications.

Exterior route / destination signs at each vehicle end.

Exterior and interior route / destinations signs on each side of the vehicle in each car body section

{minimum four per car).
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Train Sets (Consists)

Light rail vehicles shall be:

« Capable of running in both single-unit and muitiple-unit coupled consists of up to three cars.

= Equipped at each end with a service-proven retractable coupler, comparable to the Scharfenburg design,
capable of fully-automatic coupling of mechanical, electrical and pneumatic components.

+ Capable of failed train retrieval, including being able to push or pull a failed train with a full passenger load

on the steepest main line grade.
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Dual-Mode Traction Power Distribution for

Light Rail Transit
A Design Option

Jack W, Boorsi

As tight mil transis (LR systems conlinue to develop theoughouat the
{inited States, the newer exiensions tend (o have A signifieant proportion
of their alignments physically scparated from sl streel teaffic. Where
those sections are feagtiny, this presents the potestizl oppoaunity o use
third rail instead of overicad-catenary, generally more costly, s a lmg

tion power distribation mediom The implications. both positive and
negative, of stic-selective nse of third il on furnre sysiems and exeen.
stons are. explored The designs and procedures that allow LR cars and
taing to draw power fram bath media alternately are discussed, apd a
method Tor accomplishing the ransition when they reman in mokion 5
deseribed in some detzil. Descriptions of some historicat and contem-
pomry practices refated to the conceptare also ipcluded. Breoumgement
is provided for considering the eoncept as a design alternative for new
LRET lines snd extensions of existing systons.

The new generation of Hight mil transit (LRT svstems in the Unied
Seates bepan 10 enwerge el i the foal quarter of the 206 centiry,
The systems were developed largely because of a desite (o provide
the benehits of raif transit to more of the nation’s cilies without ieur.
nng the long construction tmes and high ¢apital costs assosiated
with tradasronal xubremy of elevated Hnes. I pursuing thist goal,
planmers and designers of these LRT systems often made oxtensive
use of ruilroad and strect tighis-of- way ax hosis for the sackways of
the new lines. TTus wigm ficantly miniized the need to aoquire pri
vate property, or o bugkd long sections of cosdy aerind or subter
ranesn strictures, or both, to provide » passags for the tracks

12 retrospect. this by proved o be o wise stari-up strategy. &t
sllowed quality rail wansdr 1o be introduced Lor re-dniroduced) 1o
cities sooner and a1 a lower 2ot than previousky had been consid
ered feasible. Advancing these prajects 1o concept 10 actial oper-
ation then reseted in a4 broader public understanding and awancnoess
of the vistues of the LRT mode.

Iz mmany casies, onree 1t was established, the rail transit service was
subseuztly augmented with extensions into other locations in the
regron. Those extensions were often developed to fulfili the identi-
Hed needs For g il solugon, but were thousht o be wmsitainable
wt] e promwsr ERT segencsd beoune o reality,

However, those sieeds were sometinies in comidors withont an
uninterrupted ok of street or railroad nghis of way as suitable
hasts for an LRT trackway. Comsequentdy. ihe plamners of ihe
expamsding systems sometimes found it necesisary to choose other
tvpes of rackway configurations 1o piece together a contimuous
slipnment to reath the new locations,

These choiees included placing some sections of the line on
above-grade shrpetares of in medians of limited-access highways, of

Parmons Btuckeshalf Quade & Dowglas, [oe., 1528 Walnnd Street, Suile 208,
Phitadelphia, PA 14182

both. The latier alimost snvariably abso-involved serial structures o
aarry the rackway through the wansitions e and out of the
mgikian,

The primary negaive consequences of selecting this tvpe of
alignment wete an iRcrease 10 trackway comstraction costs and
diminished convenience of avcess 10 statioms. The major positive
eifoots were the reduced delavs that resulted from the absence of ail
cotdlict of rail operations with vehicle and pedesirian movemenss.
The counter balancing of these effeots has oo, amd wall comimue
1w be, a subject for discussion and debate within the LRT profes-
sional commmmnidy. [1 will doubtless be the subject of numerous
papars yet {0 be wniien However, iy paper focuses on & new
design oppurivaly thal has cnwrged bocause those oypes of altgn
ments have no interface with roadway traffic,

All of today s LRT systems have some imerface with.véhicle and
pedesitian taffic. This interface ranges from exiensive (exempli-
fied by some stroetear-style operations in Philadelphia. Piusburgh,
Sacramento, San Frangiseo, and Toronto) o mindmul, with only
fow ab-grade street crossings fin Fdmonton, Newsrk, and 81 Losgss
Acually, the maing operating on one particular line of the Los
Angeles system, the (freen Line. currently have no roadway iter-
Fure at all. Bat even on that Bne, bains we dessgoed withe the abal-
ity 1o oporate feasibly across, along, und, i necessry, within veli-
cle traffic lanes.

Indeed. the requirement that LRT cars and trains possess tiis sbil-
ity is emhodied in dre very definition of the snode. The TRE s Urban
Transportation Glossary defines LRT as “A metropolitan clectiic
highway systemn charactenized by s ability (o operate single vars or
short trains along exchusive rights-of way at ground level, an aetial
siruetires, in sbways, of oceasionally, in sireets, and to board and
discharge passengers at irsek or car floor level " It 1s this funda-
mseettal charsetonstic that sets LRT apart from all other rail modes.

HISTORICAL AND CONTEMPORARY POWER
DISTRIBUTION METHODS

Intdeveloping new LET systems and extending existing systems, the
newd to satisfy the roadway interfaning recuivement has resulied in
a gensrat asspmption on the part of the designers that the traction
power cunt be delivered o the vains or oaes ondy by means of an
overbead wire. The obvious veasoring that fed 10 thas assumepgion is,
because 1hts type of conductor is suspended above any waffic that
mndy operate ioor across the track (thereby crvating no physical
impecchimens o vehicle or pedesttian moveroemx), i 1% the only
powar distribution method smtable 10 LRT, Comsequently, the

corollary Umt every mithimeter of electrified track i the Syster must

Transportation Research Board Report 1607 — Dual Mode Traction Power Distribution for Light Rail Transit:
A Design Option, by Jack W. Boorse, Parsons, Brinckerhoff, Quade and Douglas, Inc., January 1999
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Beorss

Fhe rait el con be casily formed by bending i1 1o mated e ver-
tical or horizonts! alignment, or both, of the runing rails and.
Deeause it is rigid, the distunce betwoen support poinis {about 3 m}
need not e reduced 1o sccommodate either vertical or horivontal
curvoture, a8 is nocessary with fexible overhead wire,

These physicel charseionisitey not only migmize dwe indtal cosl
of the dird.eail edecrrificadon isself, batt also lead 1o other construe
fron econoes us compared with catenary, With third rail, the track
way widih need be no greater than what is required 1o accommodate
the dympmic envelope of the el and o provide the necessary
safety clearances. It does not have 10 be increased o provide elear-
ance for the eaterary poles alongside or between the tracks Thisis
particularly significans for an aerial alignment where 2 requirement
o provide additional width of structure, bevond that needed for the
basie trackway . could messurably increase the conslruction com.

Maimgnance cost differences betwoen the twe distribution modes
are more difficult to quantify because of the vartables. If catenary is
destgned for fixed unchonag i may regaire seavondt attention tiat
would not be needed with constant tension design This may be
more propounced m the more severe chimates. The presence of tard
raf} can measurably increase the cost of rerviomg or replacing min
ming rails and tiss, even when the third rail isel s not m oeed of
waork. Fhese factors influence the Bife eyels costs of both mades.

f.ens significant than the cost differences. but not 10 be dismissed,
are aestheric considerations Catenary wires and their support s
tures are particuianly noticenble where they protrude above a track
wiry that is built on an sbeokment o an serial strogtore and are
viewed against the background of only ihe sky. Unlike the situation
of a surface alignmieny, in these elevated configurations there iz little
or no opporturiy o mask G support peles with trees o to clomnate
thern by antaching oross spans 1 noarby buldings. In contrest, third
wut] onun above-prade struclure isvirtually mvisable frons the ground.

Urdartmetely, neither ovothead wire or theird rail 1s involnerable
to severe weather, Overhead wire is jeopardized by extreme wm-
peratures, lgh wids, aud broken tree braneches. The thard railis rel -
wtiwely inwmane to those conditions. Om the otber hand. a rhird a3
s sometimes volnerahle 1o deep, wet snow, Both disribution media
oan be adversely affected by jee storms

For repions with severe winter weather, it is ciffientt 1o demwon-
strate that the relishifity of one medium is clearlv superior to the
other. I the more moderate chimates. theed-ral distnbation 1s gen-
erally less problematic than overhead wire

The points discussed above have been presented 1o sot the stage
for the further congderation of the convept that is the core subject
of dds paeper. In smnary. these points ure

= Tracton power diswibulion by tird rail bae some distinet
advatttages ay compared with overhend ware, bul it 15 smlable only
11 13001 ST CIVITOIITRTILS,

* Many eurrent snd planned LRET systems comprise line sections
of subsmntial length that are completely separated from all vebicle
and pedestrian maffic.

Some meaninghd savings in constetion vosts for sysiems budit
sm the past 13 veurs muight bove boon aclueved had tiird il been
used on some of e exelusive sections. For example, in Los Ange-
ies there are extensive lengths of zerial strechure on the Long Beach
Blue Lane Alsoin Los Anpeles as noted previously. the crosstown
Cireen Ling s currenstly sepursted (rom roadway wraflic shrouglom
s length, although i may be exended in the funre o iockude daer-
{aees with veldele traffic. A substuntial section of te San Jove sys.

Paper No, 386393 &9

tean, soutk of the ciiy’s downtowns, Tuns i the median of 8 freeway,
and Portland’s Eass Line runs beside one. Recetst exwensions of the
San Lhege system include lengiby grade-separated sections as doos
the 5t Loses system

However, at iy poind in e any construction cost savings for
those segmoents (hat might bave been achieved throngh the wse of
third rail are seadernic. These lines are already. completed and the
udeitional censtruction cost of overbwad slectrification bas already
heen incureed, Nevertheless, as the growth of LRT systems contin:
ey throughout the coustey, 38 appears et sew exclusive dgles-of-
way will be developed Those segments sy be candidutes for third-
rail electification,

DUAL MOBE POWER DISTRIBEUTION AND
COLLECTION TECHNOLOGY

Enplementing the concept of subst tuting third ruil for overhead wire
ouly o sefected portions of a system would obviowsdy require the
trains be have dual mode current collection (DMCO) cupability. [n
practical terms, they woudd have to catry beeh third rail shoes and
puskographs, Although this may be considered by some as revolu-
ronary orimpractieal, or both, it is neither,

A munber of internrban raflways, some with the chameteristios of
sy s LET lises, used this concept during the first balf of the 20th
cennery. Traing of the Chicago, North Shore and Mitwaskee, as weill
as the Chicago, Awrora and Elgin, collecied traction power from a
third rail when operating on the Chicago "L.” and from overliead
wire at some outlying locattons. Tratns of the Shore Fast Line ran
on vrethiead wire in the srects of Atlastic Cily; bat when crossng
the Absecon Bay when ontering or leaving the city, they wsed the
tracks and the thaird rail of the West Jersey und Scashore Railroad
The West Jorsey and Scashure itsclf, with basic dird-rail cloetrifl-
calios, wsed overfivad wire wilhin the city of Gloueester, Cars of the
Letngh Valley Transit systom carned third-rail shoes for eperstion
on the rackage of the Fhiladelphiz and Western south of Nomis
icwers, Permsylvania, Numerots other interurban railways aiso hada
mixture of overbead wire and tiird rail raction power distibution,
Alihough these particular systems have all expired, the concept has
survived

Although they are not LRT knes, there are to thig day three met-
ropolitan electric Tailway systems in the Enited Staies where trains
muake use of both types of raction power distiibution ona angle wip
Trains operating on the Blue Line of Boston™s rapid transit system
run with cotlapsed pantographes trough @ downtown subreny, where
they colleet traction curront froms & thicd rmil. After Gy cross umder
the Inmier Harbor, the pantographs are raised (dung = sudion stop)
andd ey contirmug 40 the outer end of the Ime drawing power from
overhend cotenary, On the Now Heven and New Conpun lines of
New York's Metro Norh commuter mil sysiem, the traing wilize
thitrd vl inside the city amd catenary from o podnt jost beyond the
city lHimits to the current exmeritios of the elecirification s Con.
pecticnt. Cars operating ot the Skokie Swift éne of the Chicago “L”
system, draw posver from a thivd raik on the south end of the line and
from overhead wire on the north end

APELYING THE DMOC CONCEPT

Asy consideration of using third-rai dimribution in coneert with
overhead wire i Uw destgn of new LRT Hpes, or for extensons of
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 AppendixAS

FOREWORD

In the array of fand, water and air transport methods, @ major position is occupied by
raliway technology thut is based upon the proven and time-tested concept of fanged metal
wheels rolling on 2 pair of metal rails. The provenance and fivst major application of this
excellent {some might say, ingenious) technology octurred during the latter half of the 19%
centiry when the majority of intercify and transcontinental raiiroads were constrigted. As
the 20" ventury dawned its most popular use shilted to the development of urban streetcar
lines. {n: the larger vilies, it was also used by the designers of rapid transit slevated a
usdlerground rail lines. Toward the end of the last century the samne fechnology was
utilized inthe design of light rad transit {L.RT) systems that are still growing in mumber
worldwide. Through all of the evolution of these somewhat diverse railway modes, the
furclamental techaology has endured and it promises to do so for the foresceable future.

However, as railways in their vanous versions matured the technology evolved and was
adapled. New design skills, products and applications emerged while some of the older
ones faded. The application that declined the most steeply was the street railway. By the
beginning of the last quarter of the 20% century, outside of Burope, strecicar lines had
targely vanished,

Now, as we move imo the 217 centwry and many wban cores are experiencing
revitalizalion, new streelcar lines are being developed to provide circulator service jinthese
dense and ofien constricted districts. I the course of planning amd developing these
railways it has become apparent that some of the needed manufacturing skills and design
expentise, which were onee readily available to the street raflway industry, have eroded and
that some of them need to be recaptured and updated.

With that purpose in mind, an assembiage of rail tmosit professionals with skills and
practical experience in streef railway practices began researching this matter 1o identify
argas where issucs with current technologies and practices exist and to recommend
teasures to address those issues. One of the issucs identified was the need for frackway
idfrasiructure designs and malertals specifically related jo the enviromnents in which
cireulators often operate.  The Andings of thal ressarch are set forth in the following
guideline documenl
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1. Infroduction

Light Rail Trensit (LRT) is a well-vstablished mode, with many reprosentative systems in operation in North
America. The Light Rail mode is essentially distinguished by providing rail transpont between urban centers and
suburban communities at distances sometimes exceeding 32 kilometers {20 milesy or more at speeds of upto 110
kilometers (68 miles) per how. Typically light rail follows a basieally linear comidor into or through the urban
venter, ustally utilizing paved track in the central business area, bit located in reservations free of molor vehicle
traffic where possible. When not on reservations, as much as possible the paved tracks are segregated from vehicular
traffic lanes to enhance service regularity. Light Rail Circulator systems, while utilizing basically the same
technology. are designed to provide a transport function within a single urban district, connecting activity centers of
all types that produce a tlow of passengers worthy of the rail transit mode. Light Rail Circulator Systems may
commeet with other transport nodes and stations, including those of a light il transit system.  Providing this function
may not shways require the spesd, capacity and mulpie-tmit capability required of Hee-haud light rail transit systems,
but may impose two other requirements, which are the ability to negotiate the urban center street pattern and to “fit
in” with the scale of peripheral residential aveas that may bo contiguous with the whan cenfer. Meeting the first
requirement TRy result in the Light Rail Circulator System track and cars needing to have the ability to negotiate
simaller radius curves than present light rail standards recommend. while the second may be achieved by the use-of
sherter, single car, rather than mult-car, tains.  Portland, Tacoma, Litle Rock, and Tampa have examples of
recently consiructed Light Rail Cireulator type systems.

The description of the Light Rafl Circulator System service described above will be recognized as describing to a
great degree the characteristics of what has historically been known as the streetear. This is not 10 be unexpected as
the technology emploved 15 basically the same. There remain in North America three cities operating “classic™
streefcar-type transit operations, Philadelphia, Toronto, and $an Francisco. Bach has at least one operaling section
that could bi considered a Light Rail Circulaior {ype in that it does not function solely to transport passengers from
outlving areas to the city center, and the overall system utilizes paved frack in streets for the miajority of its
operations. Boston and MNew Orleans alse operate strocicar type vehicles suitable for Light Rail Circulator Systom
operation, although Boston hes no lengthy sections of track in general waffic lanes and the New Crleans cars are
historic and primarily on reserved frack, The cars used on all these systems could be used in Light Rail Circulator
lype operations, whereas most light rail trmnsit cars coudd not. Of the new sydtems in Portland, Tacoma, and Tampa,
the last has been designed to be & modern “Heritage” {fowist-oriented) type of sysiem, although its geomelry, as with
other heritage hines constructed it Little Rock, Galveston, Memiphis, Kenosha, and Chavlotie, is such that it functions
like a Light Rail Circulator System. To date, Porttand and Tacoma are the only new Light Rail Circulator Systoms
employing modemn low floor rolling stock.

The intent of this document is to be supplementary 1o TRB TCURP Report 37, Track Design Handbook for Light Rait
Transit, and itis therefore focused on the important differetices between “line-hand” light rail systems and Circulator
light rail systems as they relate to trackway infrastruciure. The gadelines, navrative, and illusirations provided in
this report are intended to highlight many of the principal issues and soncerns that should receive attention when
designing a Light Rail Circulater System's trackway infrastructure. Past experience of a number of transit agencies
with wheel -rail incompatibilities requiring exira effort and cost to resolve have indicated that the attention to detail
required 1o acineve the suceessiil construction of such wnfrastructure is not (o be nmderestimated.

Z. Vehicle Size and Curving Considerations

De facto standards have been informally established for LRT in the US for minimum curve radius (25 m. 82 £ and
car width (2.65 m/8.7 ft), based on general Buropean practices. These inforal standards bave been adbered to
even in cases where the velicles acquired were » brand new design and there were no alignment constraints on gither
dimension, An analysis of Buropean vehicles finds widths varving lrom 2.2 to 2.65 m. and with curving capabilities
having a similarly wide vasiance. Streetear widths in the US varied from 2.55 m. (8.3 f.) 10 2.74 m. (9 fecty,

]
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Guideline — Do not unnecessarily consirain vehicle widih in specifications. While recognizing and respeciing the
physival constrainis of the operating environment, allow for the range of widths judged lo be the maximum and
minimurm that are desired and feasibie for the systemn, This allows for ihe possibility of g wholly new design o be
supplied with the maximum widith, which enhances the passenger comfort aspect of a rail car.

Examples of curving capability cusrently exigting are found below.
a. Existing transit agencies with minimum ceater Hine track radius below 25 m. (82 fr)

Philadelphia - 108 m (35.41t)

Toronto - 11m (G611t}

Boston — 128 m (42 fr)

San Francisco — 128 m (42 ft)

Portland & Tacoma -car capatility 18 meters (59 1}
Newark - 19m. (62 ft)

Melbourne - 16.8.m, (351t)

Sydney - 20 m (65 fr)

b. Some ex:sting low floor cars with minimum radius capabitity below 25 m. (82 ft)

Erussels Bombardier Flexity - 145 m {475 ft}
Boston Type8 - 128 m (42 ft)

Nordhangen Combino - 15m. (492 ft)
Ansaldobreda "Sirio” - 15 m (492 ft)

Fortland Skoda “Astra” - 18 m (59 ft.}

Alstom Citadis - 18 m (59 ft)

NJT Finki Sharyo car — 18 m (59 ft)

Melbourne - Combino and Citadis — 168 m (55 ft)

Fefh: v . e

s

Figute L - Low floor car design capable of grall radius curves,

From the above, it can be men that there are a nomber of current vehicle designs that are mitable for Light Rail
Circulater Systerns in which the use of a srmaller curve radius can be of benefit. Figure 1 shows a low floor car
design that wes proposed by & prospective bidder for one of the major US transit systems, and Figure 2 dlustrates its
ability o negotiae a worst cae curve of 10.8 meters (35.4 feet).
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Figure 2. - Low floor car design of Figure | on 108 m. (354 ft) radius curve.

3. Sestem sion {onsider atid

The primary quality of a Light Rail Circvlator Svstem, the ability to turn sharp curves and thus fit isto an urban street
pattern with a maximum of flexibility and 2 minireum of impact on exsting traffic patterns, does not necessanily
inhibit system expansion into a full scale light rail system. The articulation designs that provide for smalt radivs
curving capability do not carry any penalty in terms of speed capability. Existing designs have capahilities of 70 o
75 kilometers per hour (43 .5 to 46.6 mph) speed. These are ample speeds for Light Rail Circulator system branches
into adacent disiniats.  For branches extending Farther with grester staion spacing, it is possible with relatively
minor changes to the propulsion equipment to extend the speed range to 80 1090 kn'h (30 to 56 mph). Therefore,
adopting Light Rail Cireulator system parameters for the initial system will not put any constraints upon future
systemn SRpPAnSIOn 15 MOSt cases,

Guideline - Evalnate poteatial for system expansion that might suggest a reed for higher speed poremial and
witgthter & i pradett to purchase a first order of roliing stock with thar porensial, whish kely will incur an
additional cost. Consider whether it will be beneficial in the future 10 have whole-system operating capability on afl
s of the fleer.

4. Trackway Considerstionsfor Light Rail Circulstor Svstems

Since by definition Light Rail Circulator Systems are to have the capahility tothread their way through an urban area
where the abilify to acquire land is minimal and where street widths and traffic patterns inhibit the use of wide radius
curves, the first major characteristic required isan ability to traverse curves with a smaller radius than the 25 meters
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(82 feet) that has often been the de facto Light Rail Transit standard.  As has been indicated above, there are
available on the world market low floor rail vehicles with befter curving capability than most contemporary 1LRT
vehicles. The evolubton inte low floor vehicles has resulted in destgns with smalier body sections and a greater
wumber of articclabions than are found on traditiosa] LRT vehicles, Tlis bas provided a synergy with curving
capabilities in that it atiows the angle between body sechions at the articalations 1o be Kept within reasomable limits.

Gaideline ~ A key word in the ddde “Light Rail Circularor System™ Is the word “system” . Preliminory systen
engineering und incetings with poensiod vehicle suppliers shoudd rake ploce stmdianenusiy 1o ensure that the
resulting minimum vading car capability is such thar a maximum number of feading car suppliers can participaie.
Re-engineering a vehicle to mect a slightly smaller radius entalls supplier cost and can result in a supplier ner
bidding if the procurement is for ¢ small nunmber of vehicles. Opimizing the trackway infrastryciureivehicle
relationship may thus be an erative process,

While the ability of a Light Rail Cirenlator vehicle to negotiate smaller carves may be beneficial to construeting such
@ system in an urban ares, ancther not insignificant benefit can arise with regard to the storage and maintenance
faciinly. LRT systems are typically able to {ind land for yards and shops i outiying areas or in old indusinial zones
adincent 10 the right-of-way being used. A Laght Rail Circulator System may find itself in s much more constrained
situation. Historically, arban streetoar systems have bad to use very small radiss curves in order o provide the
needed space and functionality in relatively smail parcels of land. The Light Rail Circulator System vehicle ability
to traverse small radins curves will provide greater flexibility in locating a site in a more urbanized area.

Guideline — {r optimizing the trackwayivehicle relationship ensure thai the chosen vehicle curving capabilities de
not excessively constrain site selection for the maintenance facifities and storage vards. Evaluate the rade-offs of a
reduced number of vehicle suppliers and possibly higher vehicle prices versus greater costs for the fived facilities if
the site location is consirained By the vehicle capabilities.

5. Track Destgn Considerations for Light Rall Circulator Systems

While scemingly stmple. wheel-rail relatonships can be highly complex and sophisticated.  This is especially truc
when curves of very small radius, and site-constrained, compact special work arangements are employed. Both of
these characteristics arc likely 10 he found on Light Rail Circulator Systems. Wheel and rail must fimction as 2
system, and when that is not adequately addressed, problems ean arise that result in increased rates of wear and even
dersilments. At least five transit ageneics have experienced significant problems with rail-wheel interactions that
reguired engineenng altention and expense o resolve.  Causes have related 10 both the dedon and construction
aspects of the project.

Guideline - Ensure thas those parsies responsibie for witcels and rails are working in concert i produce optinian
cennpatibility between the wo subsystoms.  Wheel gouge, track gonge, check ponge, amd all new and worn
dimensiony showhd olf be mumadly agreed to and inftiad drawings documenting uif puvameters should be devetoped
before any serious design werk rakes place.

5.1 Preliminary Desion Considerations

A review of industry experience indicates that LRT systems that have had the least difficulties relating to the
wheelrail interface are those that lave emploved purely railroad standards for wheels and mils. Tn such a case, all
the critical dumensions have been long established and, if track is properdy constructed, the likelihood of problems
arising is small. However, constructing to raiiroad standards requires that there be ample room along the loe and in
yards and shops, as curve radii are larger. These standards may not be compatible with Light Rai! Cireulator
environments. Further, those operations using railvoad standards have either used T-rail in their paved track, or have
ne paved track exeept a1 crossings.

h
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Where agencies have encountered problems with the wheel-rail interface, either design or construction details have
typically besn the cause. When an agency employs an outside firm to design the Light Rail Circulator track there are
@ number of constderations that should weigh heavily i the selection of the fimn. Problems typivdlly found on track
of quesnonable design andior construction are;

Improper gauging of rack and guard rails.

Jse of apparently railroad-based designs not suitable for Light Rail Circuiator System roiling stock with strest
ratlway wheels andfor the curvatore employed on the system (See Tigure 3)

Failure to understand the criticality of certain crucial track dimensions and tolerances under small radivs
cireumstanoes. ’

Employment of design details that increase the cost and complexity but have no payback in terms of
performance or utility. {Ses Figure 4}

Guideline — When choosing a track designer, il is of great importance thal the one chosen has demonstrable
knowledge of streeicar irack and swccessful design experience. Many track designers have primarily a railroad
backpround, whick by itelf is not gualification Jor design of Light Rail Circulator Sysiem lrack with small radius
curves and possibly compiex and compact shop and yard layoul.

Figure 3. - Switch points apparently hased on railroad designs and uged on & light mil
syster in conjunchion with grooved rail. The jog in the rail gauge face at A could cause
the trailing axle flange to climb onto the railhead in sittations where the curve radii are
small. Correct design for a Circutator will provide & guiding surface for the bagk of the
whee! that is opposite A whick will hold the mrailing axie wheei flange away from the
guidance surface jog at A,

Rail ions

Very often, streetcar and light rail lines that use public sireets ame coastructed using girder rail rather than
conventional T-rail. Modem girder rails provide a groove in the head of the rail for the rail car wheel flange. The
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Figure 4. - The complex and expensive guard rail construction on tangent rail opposite the
frog appears to provide no more useful guarding than the grooved rait steslf would
provide. Noteworthy is that in this instance the axles taking the diverging path through
the frog are in fact guided by the grooved rail opposite the frog.

decision as to whether to use T-ratl or girder rail can be site-specific. Historically, large municipalites sometimss
required that street raibway track be constructed using girder mil, while some smrailer towns had no such regutation.
Grooyed girder rail has several advantages that have made it almost universally used in paved rack world-wide:

It provides 2 menirmm width of flangeway which produces the lsast kazard to srmatl-wheeled vehicles (such as
baby carriages and wheel chairs) and bicycles. While it is possible o form flangeways in paving matenal
adjacent to T-ral}, it is necessary to make thern wider then oplitmim 5o a5 to avoid damage to the paving due to
abraston by the back faces of the rail car wheels. Also, paving raterials other than stone or concree wall
eventually collapse inty the flangeway under the impact of rubber-tired traffic.

its uge in curves for the guard rail function requires less labor for both fabrication and instaliation than the use of
T-zail and a separate restmining rail. Restraining rails can take many forms but will always require additionat
fabrication work such as drilled holes in the running ratl. The large number of fitings will equire many fabor-
hours for agsermbly. Grooved girder guard rail is one integral piece that can just be laid in place. Figures S and
6 iliustrate this difference.

Grooved rail provides a steel flangeway that is not easily darnaged by the impact of stee! whesl flanges on
foreiga raterial in the flangeway, or by the effects of salt, traffic, efo., thatover tme can causs even concret: to
disintegrate. On tangent track, grooved rail effectively provides a continuons guard rail with mazimum
protection against possible derailrment resulting from non-crushable objects lying in one of the flangeways.
Beoause of the near-universal use of grooved rail for strest railways and Hght rail lines outside of North
Arrerica, all the designs and dimensions found on smmll mdius curves and special work used in compact yard
and shop sttwations are long-developed, and so caa be delivered almost fully enginesred with little chance of
error. Thus design enginesning and installation costs can be lower if the designers have appropriate expenience.




~Appendix A5

Lapenshiiors that are part of o twrger LINT myodarn tien emplows radlrensd traek sinndards may Sed that veadshy avialabie
eaily and spoutal ckeork G is based on the e of grocsed rudls i dneompadible with the railroug type sheels
used on the vehicle fleet. Customized special trackwork designs andror whee! desigrs may be neceseary.

Srdap GusEh MR AR HERIINTA SECTE R, Rk
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Figure 3. . T.rait guwred rails. Figure &. . K: 50 greoved picder guard raik

in the Norbh Angrican comexs, because there is no domestic sovres of supply, e wse of zrooved rail track and
spesdad work e sesne Bsadvantages o that

FLamad timges For prosurenent of soeteriag may be longes.

With the existing. vnfavorable exchange rate sod the shinpiag
mivolved, material oost may be higher,

Buy-Amorica regulation waby ors may be needed.

The rails weed i paved rack on legacy wreetoar Bnes wore ususally
~ bt not abwavs - growved or nof.grooved girder mRls. The
emerpiions were begely diven by socoomics, girder rels dleays
having been mone sxpensive Wan sonunon T-rls.  In the ety
2O centumy, BowRR Goummcn tlaet Jowes ccapptalized trolley Lines
would use T-rail when loeal reguiations permitted. s soch
iosdallalivas, the e n:g!_ flangewey wis oflen Foomged with Figure 7. » Strectear wheel profil -
ywwoialiy-shaped paving ek, fe pressed 5o as o bath 157 into e ’

webr of the il ad Fons the Tusgeway. 0 the mid-20% contay,

with the mumber of LS producers redoucet 1o tieo and then one, oogry sieet suisoy compinses bagan o ase s
Typivaly, dee tnvelvesd Torpstion of @ Rangeway i 2 oonerele of sspbalt pavomest sofsec

Fhere weve only two sugor tvpes of moder mis produced i North Ameyiean after abowd 1930, Crooved girder muls
with a sloped self cleaning HBungewcay previdied wheed goddbsse o only oo side of teat groove, s sbown in Figuc
8. Lander gosrd rdle had the ower edge of the groove rotated vertioally, and were thus able to provide guidonee to
keestls thee Tt it thic bk of the whed flange w shown i Fipe 9. Thickness v iseraeed 1o Bagrove sarvice
bife. Girder goard rads ase used o sharp ourves where two point guidance provides supenior steenng of tae sirectcar
wheels as well s reduced Jevels of rait ang wheel wear, theveby resubtiag i1 Jonger service Hves for boi, Tunlay,
there are no Nordb Ameriean prodireers of pirder vails. Grooved Haile™ {as they are termed n the vest of the world:
are prarmlactured by sovera Buropesn tolfing mifls, sBhwogh et 1o the destgns bast prodeced in North Amevion
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{See Figures 6, 8 and &) Ingeneral, the grooved rail sections that are available from Evrope come in two vansties —
those with flangeways that are too small for North American raflroad wheel flange profilss and those with
flangeways that are o0 large to satisfy guidelines of the Americans with Disabdlities Act (ADA) for walking
surfaces. Use of these Buropesan rails will usuelly require adoption of a Europsan type of flange profile as is

s it

Figure 8 . US Grooeed Figure 9. — 1753 Grooved
Ciirder Rail Girder Guard Rail.

currently in use ona US transit system and illustrated in Pigure 7. Grooved rails are sometimes made of softer stel
than common T rails. This is because the more complex shape of the grooved rail requires more passes through the
rolls compared to Twrail. The temperature of the mascent rail is reduced with each pass and if the rail stesl chemistry
isn't soft enough, it may not be possible to make the iast few passes withoul fracturing the rail.  Some Fwopean
suppliery can provide surface weldments to increase the durability of prooved rails, but results have been mixed.
One manufactures had just recently begun offering a heat treatrnent process for grooved fails, but the product has not
been on the market long enough to be considered proven.

Most North American LRT projects have used T-mail for paved track instaliations, usually because railroad Range
profiies were adopted.  Methods for providing the mequisite flangeway have varied, a8 have results  Similarky,
methods and resulfs for providing a guard rail in curves have vared by project. One method cons:sts of a yexticatly-
maounted restraining rail that is boited to the running rail every two to three feet. A few projects have used 2 special
rolied shape — strap guatd — that mates with common 115RE T-rail and provides a flangeway that mimics that once
provided by North American girder guard raiis as is shown in Figure 5.

Guideline — I grooved vail is wsed, then a wheel flange profile opamized for the girder guard rail should be
adopred. Both the gauge and gucrd wide flange angles from versical and the tip radit on both the ranning rail and
guard side of the flange should be analyeed for use on curve radii below 15 meters (49 feet) and adiusied for perfect
cempatibility if found necessary. Alternarively, a flange profile in wie on a Ewopeem property with cwrve radii
equal to thar to be wied on the Light Rail Circulaior System can be adopred. The flange shouwld include the rypicad
flar vip thar works best with flange-bearing frogs, crossings, and switch poim mates. {See Figuwre 7.} Such flanges
are wzed at speeds of up wo 100 konfk (62 mph) in Ewrope, 50 pose np consirairgs on system expansion. If grooved
rail is used, attention should be given o i3 carbon conwnt 1o ensure procurement of rail that is no softer than is
necessary.

3.3 Use of Bolted Connections

Light Rail Circulator System track embedded in concrete is not very maintenance-friendly.  Aocess is only by
jackharamer. Therefore, a goal of the track designe should be o design potential maintenance out of the system.
One key component of the design should be 1o minimize bolied rail connections. Fgure 10 illustrates a design in
which tolted connections predominate. When alloy castings am used in special work {not a universal approach), itis
still possible to elsctrically weld them if the right welding rod is used and the welder is skilled. The transit agercy
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should have its track designer evaluate the best echniques and locations for use of bolted and welded joints. Figums
1l and 12 illustrate two different approaches o this task. Thermut welding can also be used if frogs and points are
made with carbon steel

Guideline - Bolted joints should be minimized as much as possible  Any decisions regarding welding to castiags
shosld be contingent upon conversations with the potential casting supplier to confirm that the material composttion
being used lends itself t© being welded without risk of thermal damage. The welding rod wsed should be
recomenended or approved by the casting supplier.

24 Control of Gayge

A cormnon cause of difficulty in construction of Light Rail Circulator System track can artse from inadequate control
of gauge dunng track construction. In small radivg track amrangements the track must be very accurately gauged.
Traditional railroad tolerances will often not suffice, particularly in maximally compacted amrangerments featuning
doubly-curved frogs, 2 techrique which offers increased tangent track lengths for car storage and increased land for

Figure 10. - Crossover consisting of grooved rail sections and castings, ail bolted
together.

storage buildings. Excessive gauge play increases the angle of attack of the flanges on the rails and resmults 1n
increased wear. Figure 13 iHustrates an exiverns example of excassive gauge play, as can be deducad by the wide
spacing of the flange paths on the diagonal il Figam 14 illustrates a typical compact storage yand layout In
construction of this ype, wathout gauging devices, aggressive contractor monitoring 18 critical to achieving accurate
gauging. Even greater compactness and land-use efficiency can be achieved by reversing the locations of switch
point and mate and achieving s greater degme of interlace. Figure 15 illustrates this technique. The potential for
gauge-refated problems can be minimized by application of gauge bars, gauge rods, or steel Hes, which remove the
workmanship element frorn the track installation site and shift it to the gauging device marufacturing process. With
any of these methods, fabrication errors made up to that point in the process can be detected at the pre-assermbly
checks However, the use of gauge bars or rods significantly complicates the process of insulating the rails so as to
deter stray currents Atempts 1o insulate gauge rods with sleeves have had mixed results. Sieel ties have fewer
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Fgure 11 - Cast orossing frog electrically Figure 12. - Electricatly welded connections betwesn grooved
welded © darbon stes] grooved rail rail sections and frog castings.

problems in this regard.  In addition, whes Torail is used, steel ties are aumuaily preferred as they can better
accorenodate the guard rails, as Figure 5 illustrates. Figure 16 {llustrates 3 typical application of gauge bars. When
coupled with careful shop bending of rails, gauge bars or rods can provide assurance that the as-built gauge is
eomect  However, bars or rods typically cannot cotrect a tight gauge situation since they have isufficient strength
against buckling under compressive loads. Sharp radiuz curves, yypically anything under 915 m. 300 ft) radius,
will usuaily require that the rails be pre-bentin a fabrication shop. Such bending s done with the rail “cold”, using
either a gag press or a roiler bender. Rail bending is somewhat of an ait form and careful reasuterents fust be
made during the process to venfy whether the correct madius is being achieved. Due to their non-syrrretric gross
metion, grooved rails, when bent hordzontally, will ssually twist about their longitadinal axis. The result is'that the
rail base will notlay flat. To counteract that, grooved rails must be.cambered vertically before horizontal bending 15
E S S e . %

T

Figure 13. - Example of excessive gange pla
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Figure 14. - Typical compact track fan at a storage fagility but

Figure 15.- ple ofa %y»coﬂpac%ad debot-tmck fan. Nowworthy i3 the
reversal of the point and mate locations for some of the turnouts to minirmize the useof
space.

done, with the amount and direction of the camber being dependenton the horzontal radius and whether the finished
rail is on the inside or outside of the curve. Carnbering is also necessary when it is desired to meintzin 2 specific cant

B2
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in the rail. Extreme vertical curvature — generally any curve sharper than the natural s@g of the rail when suppored
only atits ends - will also require shop fabrication.

Guideline - To avoid potential problems due lo gouge inaccuracies, all special weork condaining turnouis and small
radius curves showid be designed and constructed with a positive means of mainiaining the gauge. Full assembly
including the pouging devires should ke accompiished before they are embedded or are fesiened o a concrele siab
or inveri. Al pauging should be carefully checked diring pre-instaliotion assembly 5o as io delecl any Fauge
device dimensional grrors. Consideration should be given o consiructing wheel-pair lemplates that will accurately
simudate both new and worn wheel conditions, Supply of these can be made a part of the track supply contract.
Alternatively, a Circulaior vehicle truck {if available) can be pusked around through the track layoui (o determine i
appropriate railfwheel inferaction is eccurring, but it should be recognized thal the worn wheel condition will net
be present withowt modification. If it is decided to build plain curves withowt gauging devices, the lemplates or a
trisck can be used o check gauging of renning and guerd rail surfaces. With new wheels; both flanges should be in
corlact with their respeciive guidance surfoces. Regardless af the verification method employed, these checkr
should te dong prior to the tme when placement of embedding poving makes corrective actions extremely difficull
and costly.

55 Special Work and Gausgi) onsiderath

As can be geen in Figures 3, 34, and 15, LRT and Light Rail Circulater System tumouts can be found with both
double points and with “point and mmte” (single point) arrangements (enerally, double- points are preferred for

. Fsgufe 16.- Typical.' gauge bar applicaﬁon in 2 tomovt :

rmain track use, while singte point designs are usually used in yards. Compact yard track layouts are sometimes only
possible with single point ternouts. Mates are wypically 2 casting, and flange-running through-the mate compensates
for the inability of the wheel tread to bridge the runniag surface gap that exists where the two flangeways join. Point
and mate construction fypically puts the point on the inside of the curve, as ¢an be ssen in Figure 14, Froma ground
vibration standpoint, the use of a mmate is inferior o the use of a double-pointed turnout  Although the Hangeway
depth of the mate can be rmade o pedectly match the new wheel flange depth, whesl wear can rsult in 2 flange
becorming deeper. Ramping the flangeway largely cornpensates for this at low spesds. In addition, transfer from the
norrral running radius of the whee! fead o the farger flange tp radius produces sippage singe the two whesls of the
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axle are rummng with differerd radii. 1t has not been ancorpmon in Furope 1o insert flange-bearmg noming rail
opposite a flange-bearing frog to alleviate this.  With the passage of time, these factors tend to result in the flange-
bearing running surface of the mate having a roughsr surface than a railhead would. Therefore, use of mates in other
than low speed track is not comuorn and they are best suited o use inlow speed furnouts at juictions and yards.
Whee! tread widths on Light Rail Circulator System vehicles typically are smaller than railroad standard.  Seventy
six mm. (3 inches) is typicat for paved track use, although historically many properties used 63 mm. (2 ¥ inches). A
typical profide is shown 1 Fagure 7. The purpose of this reduced width is to minimize overhang of the wheel bevond
the ratlhead and over the paving, as i is undesirable for the steel wheels to be crushing streei debns into the paving.
As a result, frogs wsed in tumowuts and crossings are typically fange-hearing to minimize ground vibvation caused
when wheels drop into 2 gap when crossing an intersecting {langeway. At the point of intersection of the flangeways,
cotd roliing and wear will in ime produce 2 “dimple™ at that location. Where minimum ground vibration is desired,
consideration should be given to having frogs made of weldable material. This allows fill-in of the “dimple” with
welding followed by grmxdng 1o restore a smooth flange nnmng surface. The tumonl shown in Figure 16 containg
such afrog. As with mates, frog decisions should be based on focation and operating speed.

Where smail radius cwves and compact yvard layouts are conceined, track gauging 15 very important. Likewise,
girder rail flangeways are small and allow only limited lateral motion to occur before the flange contacts either the
gauge face of the rai} or the puard face. Typically. lateral motion of 2 streetcar wheel set is resticted to 3-6mm. (1/8
to 144 dnchd, i, the wheelsel gauge 13 6-13 mun. (/44 to 22 tnch) less than the nominal rack gauge. This value is
known as the “Gauge Flay”. it increases with flange wear, and must he considered in designing the track. 1t should
lre noted that railroad Gauge Play is 17 mm. {11416 inch), and if this is applied o paved track wider flangeways must
be provided, or the track gauge can be reduced. It is important to note that while girder rails that accommodate
railroad wheel flanges without requiring track pauge reduction are available, they come with flangeways wider than
are appropriate in a street environment,

Guideline ~ fn focationy where greund vibration is a concern and wraouts are installed solely for operational
Hexibility under nbnormal conditions, a design in which the Jrog has no flungeway for the abnormal traffic poth
should Be considered. In such a design the flangeways of the abnormal path are ramped up on either side so that
the diverging movemeni flange is lifted 1o the height of the normal path railhead so thaet it may rell across it
Alternately, if a shallow angle frog Is used and the flapgeway width is minimized, it may be possible for the chosen
wheel profile 1o bridge the flangeway and make flange bearing unnecessary. Single point turnouts, whick are nsed
Iy indnémize coxt end mairtenance reguirements, are besi restricted 1o low speed locations.

5.6 Trackwav Paving
5.6.1 Purpose of the Paving
A light rail transit track might be embedded tn paving for one or more prposes.

Roadway driving surfaces for general traffic - if the Circulator lane is shared with rubber tired traffic (either
along the track in a shared lane or transverse to the tracks at an intersecting street) paving provides a generally-
smooth riding suuface for the general traffic, concealing all but the top horizontal surfaces of the mils,

Pedestrian crosswalks - Providing a safe path for pedestrians across tracks requires careful atlention not only
when they are is in privale right-of -way bul alse when the trackway 5 in an wrhan street.  Because of safety
consuderafions, including compliance with the Americans with Disabiliies Act (ADA) guidelines in the US, or
similar legisiation in other countries, the phvsical iocation of crosswalks relative to track hardware, as well as the
pavement sirtace provided for pedestrians, must be carefully considered. it is desirable to avoid placing ¢rosswalks
in areas of special rackwork and vice wersa. In particular movable switch points (either power or menually
opersted) should not be installed in pedestrian paths. Because sieel sirfaces can be shippery when wet, farge special
trackwork fabricafions showdd also be segregated from crosswalks. When Ferail 1s used, fitting metal edging to the
ftangeways at pedestrian crossings shoukd be conmdered. This serves to minimize the flangeway width and ensures
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it the wadih will gl widen witt s georeloted woas. Figue 17 Blsteics cacossive Bangeway widiiin ¢ podesrion
CrOSSINE 2ome.

Trackway househeeping - Somwtimes it 15 desirabie o embed a lght mul track m paving even of rubbes tired or
predestrian. oaflic i pot & comsideration Most often this i done For houschkeeping prerposes da urbon soviraznents
where sn open rack strocture -~ sech as de and ballast gack or diroct fixstion tack -~ wonld wnd 1o collest trush or

Figare 17 - Flangeway with excessive widiththat is incompatible with sail
wheels ina pedestrian crossing arca.

present problems fog sireet donage. I rubber tred taffic is pot a consderaton in sech sroas, e paving srsciuee
ean somennws be floss robust thun 3 shared umffic wres alibongh tes could inhibin both the abiliy of public safoty
svelacles {e.g pobee, fire 3nd webulsnce} to use e oackwny in an emergeney. 11 could also restricd  mslway
matkdenanes fosess from deiving rubbey Gred eoquipsenl alung the ackway winle poformeng pspecton and
HEtiemance on the overtivad eontadt Wire syssems.

5.6.2 Types of Pavisg Materials

Reinforeed Concrete - Conorele is arguably the most seuetirally dursble tvpe of teckway paving and hax
breen uved for LRT and Chroulater wasks in sy ciics. It s paricualy well-adapted 1o use with the populiar entiber
rait boot method for eleowival insmulaticnr and vitvation isolation of the reil.  However. ecacrete paving e have
peoblems relsted o smproper design and corstruction. Oracking is common unizss conerete contrel jodmts are
earefully possiioned on the plans and stritady congrneted i the field  Phisintegration of the susfzes of the coneréte
~ pasiculatdy 0 cormers of sisbs asd at conrol joints — is 3 compnon problem ded o dircedy related 1o poor
consiruction contrels o northern clinmtes, these problems are abetted by freeze thaw conditions wnd e 1me of de
ieing chemieals i the street, 1 s comerete trackway swfaoe is desired the responsible agency needs 1o make certain
that e consrocuon specications are ngorous wnd that sufticien! CONSIPULTI 1NSPECUon tesmuoes are budgoked 1o
s cerlain that (hose speeiications are followed e the fotier. Lo wrben disiriets, where Urere are numesoss wility
lincs within the strest right-of-way, there are drawbacks W conarce a5 compared with othcr paving materials,
Fepaving following excavations for utlity mmimenaee repair work not ooy feaves s noticesbie blersivh, b also
can alicw seepepe of water lesding to croson and {m colder cimates! mechameal damage from frecmng and
tawing  Costctic issues can be addressed 10 some exvent by adding color pigmenstion to de concrete.
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Appendix A-5

Figure 18, - Track design with T-rail and black pavers.

Bitumineus Conerete/Hot-Mix Asphalt/Blackiop - Known by various names, asphalt was often 2 paving
choive on legacy streeftcar systems.  Many systems used full-depth asphalt direcly over ballased track of
conventional construction although such expedient construction generally had a short service Itfe. A miore durable
variation on this placed plain cement concrete up to within about five centimeters (two inches) of the top of redl, and
then placed an asphalt overlay up to the top of rail. That wpe of construction generally works well, provided that all
concerned recognize that the asphalt is a sacrificial fayer that will have a much faster rate of wear than the sesl rail
and will usually need to be removed and replaced periodically — possibly as often as every five years This type of
construction could be adapted to the use of the rubber il boot, although extrerme care would oeed to be taken to
avoid damage to the top sdges of the boot during placement of the hot asphalt and during later milling of adjacent
detetorated asphalt.

Pavers - Varicus type of pavers {e.g. granite blocks, cobblestones, bricks, ete) are popular choices for
decarative paving in urban areas and such materials are thus often specified for paving of LRT iracks in sensttive
zones. Orne such: use is the preservation or restoration of historical street paving,  Traditionally, brick or block
pavers were often used ag paving around tracks on legacy shwetear systerns, often long after munidipal authorities
elected to us concrste or asphalt or: street reconstractions. Varicus types of pavers have besn employed on both
legacy and modern light rail lines. These include granite blocks or slabs of various depthstheights, fired dlay brick,
and manufactired pavers mads of concrete and other materials. Figure 18 ilustrates a typical desgn using block

pavers.

Designers who are interested in clay brick pavers should first understand that the type of brick used in strest
construetion: 60-plus years ago is no longer commercially available. That material was calied re-pressed brick, had a
formed and glazed finish on all £x sides, and was manufsetured in aceordance with ASTM C-7. Modem dlay paving
brick does not go through the manual re-pressing proeess and hence has two wire-cut faces that are porous and fess
durable. Traditioral pavers also had lugs extending out from the sides of the brick o as to provide a 3 mm. (U8
inch) gap between each brick and its eighbors. This gap allowed relative movement betwsen the bricks and saved
them from mechanically dameging esch other as heavy wheel loads pass down the street. The other major difference
between the way brick sirests were constructed 60 years ago and the methods now used has to do with construction
details.

i6
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Confentporary paver streels are often laid on a bed of samd which m tums is directly above a compacted granular
subbase. Such constriction is seidom up 1o the rigors of heavy loading such as from trueks or buses. Sevesty-five
years ago, a typical briek street would have had 2 granular base, covered by a reinforced concrete slab.  Ahove the
conerete, & thin layer of asphait would have been placed 1o provide a level seting bed for the brick pavers. Today,
sand or a sand/mortar mixiure is usually employed to {ill the joints between the bricks. This kind of hard material
makes it difficult to for the bricks to move relative 1o each other, particularly if the pavers do not have Jugs to keep
them apart. 3 also-does not exchude moisiure from penetrating the surface of the street,  First class construction 73
vears ago would have filied the joints between the lugged bricks with hot tar, wlich refains some flexibility even at
low temperatures.  If is also self-healing so that even if the tay oracks, it wall flow back together and maintain a
impermeabie surface on the street. A lime whitewash was typically applied over the top surface of the bricks prior to
spreading the hot tar 0 as to keep the tar from adhering to the visible surface.

While it may be possible that some manufacturer coitd be persuaded Lo tool up for making re-pressed paving brick,
it ks certain that they would be quite expensive compared to allernatives with less visual appenl. Small projects

_ might be able to use recycied brick from old streets, but on farger projects it would likely be impossible to come up
with enough brick that is both in good condition and ali of the same color.

Stone pavers are subject 10 some of the samne sorts of considerations as clay brick. The stone pavers usad on legacy
streelear systems were usually close o the size of a loal of bread, sometimes Jarger or smaller.  Their vertical
dimension was often between 18 and 20 cm. (7 and 8 inches), largely because of the 23 cm. (pine-inch} tail girder
rails that were commonly used for city streetear lines. Because of manufactaring tolerances at the equarry, these stong
block pavers resulled in a street surface thal was equally rugged to view and to drive upon. Many streetcar
companies continued 1o use recycled stone bleck paving for years, possibly in part because the rugged surface
discouraged timid motorists from driving in the trackway and getting in the way of the streetears. Architectural
paving stones hat are jess than 13 om. (5 inches) thick are probably not suitable pavers for track areas that are
subjected to any significant amount of roadway traffic. 11 wack is installed in an area in which horse-drawn tounst
carriages are wsed, consideration should be given o the use of granite block paving, as even conerete wilt not long
sirvive the horse's steel shoes.

Stamped conerete and stamped asphalt ~ This echnology attempts 10 achieve the visual appeal of genuine
pavers in track areas at relatively low cost. However, it is probably not suitsble for areas with high kevels of motor
vehicle traffic.

Fraek in Grass - While strictly speaking, grass 18 nof a paving material, it has an obvious appeat for argas
where paving isn't needed for cither rubber-tired or pedestiian traffic bt an atfractive appesrance is desired. Like
all desigms, it has its place but it also has some shortcomings. The following issues are offered for thought by those
who might be considering track in grass on some portion of 3 Circulator project:

It 15 probably best himited to femperate climates where snow and snow removal is not an issue. The nsual
snowptow truck would likely destroy the turf in the track area charing a winter of frequent plowing. In addition, it
would be very easy for snowplow drivers to absentnindedly activate their tuek’s salt spreader while plowing the
tracks, doing even further damage to the rackway.

Achieving electrical isolation of the rails in grased mrack is possible, but deing so correctly and In a manner that
will prevail over He long tenm is expensive.

Girass should be kept at some distance from the rails In order fo avaid lubricating the railiwheel interface.
Accordingly, contrary to what 1s the common impression, more than just the top of the rail sutface will be visible,
The grassed track area will often blend in so well with the urban: fabric that the fact that it is NOT a public park area
may be lost on 4 significant percentage of the population. Some grassed track areas in New Orleans have become
poplar jogging rails, much o the dismay of streelcar operators.




£.6.3 Flexihis Materials

[t is often pointed out that extruded rubber products are commercially available that can be inserted in a flangeway,
ieaving a level surface. These products deflect under the weight of the rail vehicle and then spring back up after
passage. Such products are designed for use indoors and in outdoors in temperate climates. They are also intended
for very stow ratl movements - 8 kn/hr £3 mph) maximum. They are not suitable for outdoor areas that are sulyect
to freezing, nor are intended for aress where rail car velocity is higher than walking speed. They also are not likely
to be durable under very frequent repeated use such as would be encountered on a Cirealwtor rail tine.

5.6.4 Drainage

The flangeways bnterrupt the normal flow of storm water across the surface of the sireet and act as gutters thal
cofivey water 1o @ low poinl along the track.  The Hangeways must be drained ai the low point of any sug vertical
curve, particularly in northern climates whore water could {recze in the flangeway and cause a derailment. Drains
must also be provided immediately upstream of any switches in paved track so that the stroct defritus that
accomparies the run-off 1sn’t washed into the switch mechanism. Drains are also recommended immediately
upstreatn of any point where embedded track changes to open track so that this residue does not foul the open frack
area and possibly become the origin of stray currend leakage. Drains must conmect with nearby drain lines for the
adjacent pavement fanes, and the drain entrance ways must be sufficiently large $o as 1o not be asily blocked by dirt
and feaves. When grooved rails are used, a slot of appropriate length should be cut inte the bottom of the flangeway
and made as wide as the rail design allows so that the drains will not be casily blocked, as can happen with simaller
drilled holes.

5.6.5 Ciimate Factors and Paving Durability

Designers of paved rack systems have far more latitude in temperate climates than in frost belt eities. Jf the paving
witl be subjeet to frecze thaw eveles and de-icing chemicals, the design must recopnize those factors.

5.6.6 Paving Mainienance Responsibility

At the heginning of the 20% eentwry, it was uncommon for city strosts to be paved. 1n cxehange for municipal
permission to build and operate 2 streetcar Hne, legacy systoms were therefore usuaily saddled with the responsibility
of both constructing and maintaining the paving in te trackway. Some paving destgns are far more expensive 1©
construct andior mainiain tan other. Designers of Circulator s Hnes with paved track should consider who wilt be
responsible for botl: the cost and the action of maintaining the paving in the track area before fimkizing a design.

I situations where the transit agency s responsible for maintaining the paving in the track area, it is sometimes 2
good practice to have a visually obvious line of domarcation between the transit agency’s paving and paving that is
matrained by the momcipality or highway agency. That line should never be inboard of the dynamic envelope of
the Circiator vehicle.

£.6.7 Paving Cross Slope and Track Superelevation

[deally, tie two rails of 2 angent Cliculator track will be at the same clevation. Thas is rarely possible when the
track js eimbedded in & sireet since most pavements have cross-slopes so as 1o promole surface drainage. In the past,
it was very common [or streets o have a parabolic crown with fhe actual side slope of the pavement varying from
near nothing at the center of the street to a significan figure at the cwrb lines. Sinee the wacks of legacy streotcar
systems were usaally tocated in the center of the street, there would be relatively litile cross slope between the rails,
Todwy, & straight percentage cross slope is the usual pavement design - 2% is common. That much cross siope
across 4 frack effectively introduces sbowl 3 cm, (1% inch) of superelevation in the track, regardless of whether it is
needed. Negative superelevation can resull if the normal pavement crown is carmied through a curved ek area.
The track and pavement designers must carefully coordinate their efforts W minimize any need for excessive cross
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slope in the track arsas. Their analysis should include recognition of how the flangeways intercept storm water
runoff and hence change the paths for storm water compared %o a street without rails.

Typicaily, it will not be possible to incorporate much superelevation in a track that is constructed in 2 public strest
and must conform o existing street pavement elevations. A common error is to presume that since no superelevation
is used, that there is no reason for using spiraled transition curves. To the contrary, itis even more important 1o use a
transition curve leading into very sharp radit 80 23 to reduce the rate of change of lateral acceleration expertenced by

Figure 19, - Turnout with housed point.
both the vehicle and its passengers. Aptiy called “jerk rate”, this factor can be controlled through use of transition
curves of appropriate design. Usually, the transition curves used on street railway curves are not mathematical
spirats, but rather a series of compound curves that decrsase in radivs and then inerease following a set pattern.
These transition curves can also be used to control the “end-overhang™ of the circulator vehicle where it enters.and
exits curves 30 as 1o avoid or minimize clearance confliots with trackside obatructions or general vehicular traffic in
at adjacent lans.

6. Use Of Vehicles With Independent-Wheel Trucks

Bome transit agencies have had incidents of derailments of the center truck of their low-floor LRT and Light Rail
Circulator Bystem type cars, [n both cases the center truck is of the type in which the wheels are independent of cach
other, that is, not mounted on the same axle, but mounted on four short axles, two on each side of the sruck, This
design allows for the low floor to be continued through the short body section that iz carmried on the center truck
Figure 1 illustrates such a car design. It appears that forces on the flanges are greater on indeperndent wheels when
traversing curves than on conventional 2-whee! axie sets. At one agency this appears to be substantiated by a greater
rate of wear of the flanges on the independent wheels. The Interface Journal paper "Flange Climb and Independently
Rotating Wheels” is an examination of the factors involved. It iz a faot that there are hundeeds of Light Rail
Circulator type cars with independently rotating whesls in suceessful operation in other parts of the world, which
raises the question as to why such a design should be problematic in North America. A common thread might be that
overseas they operate on track which possesses greater margins of safety against derailment by use of very high
percentages of grooved mail. {As noted previously, Buropean grooved mil provides the equivaient of double-
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guarding a1 all points it the frack structure.) Further, in Barope, where T-rail 15 used on open irack, curves are
typically gentle and well guarded where needed. If cars of this fype are to be used on a Light Rail Circutator System,
it will prudent to carefully consider the track design in all aspects to ensure its suitability. An area to be given strong
consideration is rate of change in track cross-tevel, typically sncountered in the build up or ran-off of superelevation
Modern: mult-truck Light raif ¢ars are less iolerant in this area than earlier double trucked cars. Track and vehicle
destgn should be coordinated at an early stage to ensure that both parts of the system are fully compatible.

Gaideline — If T-rail rack construction iy used, sharp curves should be double-gunrded. (See Figure 14} Switches
should have curved points and at least one should be howsed. {(See Figure 19.) Gauging showld be such thar it is
inpossible for a flange to cfimb on top of the running rall, If single point turnows are psed, points should be placed
on the inside of the curve. If the point must be placed on the ouiside of the curve, the poinl should be recessed [See
Figure 3.} and application of a friction modifier to the mate surfaces is desirable 10 reduce flonge forces. The mate
design should provide a guarding surface that ensures thot the point-side flanges cannot rravel into the recessed
area. Ensure thay the vehicle and rack designs are filly compaiible in the area of rate of change of eross-level,

2. - Compatibility of LRT and Lighi Rail Circulator Systems

As noted previousty, Light Rail Chrewator Systems can be expanded into broader areas and function as ling-haul
LET systems. if ¢ Light Rail Circulator System is added to an existing LRT system it will be necessary to comngider
carefully the physical interfaces of the twe. Primary areas of concern are the track interface and the platformn
interface. Some Light Rall Circulator System-suitabie car floor heights now existing are:

Portiand Streetear - 350 mm. {13.8 inches)

Brusseis Bombardier Flexity — 350 mm. (13.8 inches)
Boston Type 8 - 3535 mm. (14 inches)

Mordhausen Combino - 3030 avm. (118 inches)
Ansaldobreda %irto - 350 mm. (13.8 lnches)

Alstom Citadis — 350 mm, {13.8 inches)

Note - Some cars have the floor ramped downward a1 doorways to achieve 2 lower threshold height.

i addition 1o the nead 1o mateh the height of the vehicle and the car floor, the relative width of the vehicles must be
considered. For example, the Skoda-Inekon vehicles used by the Portland Streetear line are 194 mm. (7.5 inches)
narrower than the low floor Hght vail vehicles used in the same city. The light rail vehicles would not be able to fit
past the streetcar route’s platforms. The streetear would easily pass the light rail platforms. but the resuiting wide
stepping gap between the door sili and the platform edge would require an on-demand bridge plate to be deploved to
safisfy ADA requirements, Fhis situation bas not arisen thus Far in Porthand because the stregtear vehicles do not nm
on the Bght rail tracks in revenue service,

The whoel-rail interface compatibilities will also need to be considered. At present only one city, Porttand, has both
LRT and Circulator type systems in operation, however no joint frack use occurs in revenue service, so the issue of
platform compatibility has not arisen, and both wheel-rail and power supply compatibilities have been accomplished.
Sinee Portiand Streetcar has a relatively generous mimmum radius of 18 m. {39 ft), wheel-ral compatbility has
been easily oblained by using the LR wheel profile on the Light Rl Cireulator System cars. Also, the Porttand
LR cars can he considered as having a Light Rail Circulator System wheel profile, as grooved rail 15 used on paved
rack. [n cases where the existing LRT has been built to raifroad standards of wheel and track, existing tangent track
will not present any problems, but curves and special work may need carveful analysis 1o determine if any problem
areas exist, followed by deciding how to deal with them,
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