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Overview

Transportation Management focuses on reducing Corridor congestion and
improving overall mobility on the existing I-70 facility. This alternative includes
an integrated package of Transportation Management strategies that maximize the
operational efficiency and person-moving capacity of the Corridor by better
balancing the demand for travel on I-70 with the capacity of I-70 to handle travel
demand. Many of these strategies rely heavily on public-private partnerships to
achieve desired results.

Transportation Management includes the coordinated implementation of
transportation demand management (TDM), transportation system management
(TSM), and intelligent transportation system (ITS) strategies. As an introduction,
the following brief definitions are provided:

« Transportation Demand Management (TDM). TDM is designed to most
efficiently use existing transportation facilities by managing the actual
“demand” placed on these facilities. Using integrated strategies that maximize
available travel-mode choices, increase vehicle occupancy, reduce travel
distances, and shift peak-period demand to non-peak periods, TDM programs
extend the useful life of transportation facilities and enhance mobility options.

« Transportation System Management (TSM). TSM measures involve
operational improvements to existing transportation facilities that maximize
their person-moving capacity, reduce the severity and duration of temporary
(for example, crash and weather) delays, and improve safety.

« Intelligent Transportation Systems (ITS). ITS involves the application of
advanced technologies and communications to optimize the efficiency of
transportation systems. I'TS applications are often an integrated support
element of both TDM and TSM strategies.

The Transportation Management strategies summarized in this section include
TDM, TSM, and ITS strategies as part of an integrated package. Transportation
Management can be implemented as a standalone alternative or integrated as a
complement to other “build” alternatives.
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I-70 Transportation Management
Existing and Forecast Conditions Assessment

Introduction

Transportation Management strategies attempt to reduce the severity and duration
of congestion and to enhance overall mobility by improving the balance between
the demand for travel on I-70 with the capacity of 1-70 to handle travel demand.
These strategies recognize that both travel demand and facility capacity can vary
under a variety of circumstances.

Transportation Management strategies generally exclude extensive infrastructure
investments aimed at expanding roadway capacity. Instead, these strategies focus
on:

1. Management of travel demand to reduce the severity and duration of
circumstances where travel demand exceeds existing roadway capacity.
Modifications to travel demand can include adjustments to travel time (by
time-of-day and/or day-of-week), travel route, trip distance (through changes
in trip origins and destinations), and vehicle occupancy.

2. Management of existing Corridor capacity to address locations where
relatively minor improvements to the roadway network or highway operations
will help address temporary or long-term capacity bottlenecks. Temporary
bottlenecks include those caused by incidents, weather, and construction
factors.

Development and implementation of Transportation Management strategies along
Colorado’s I-70 Mountain Corridor must be tailored to fit the unique recreation-
based nature of trip-making in the Corridor. Although the national base of
experience in Transportation Management is more extensive for urbanized areas,
recreation-centered corridors can be particularly appropriate for Transportation
Management strategies because they often have highly predictable travel patterns,
significantly increased travel demand during specific peak-periods, and relatively
concentrated travel destinations. Additionally, corridors with a high volume of
recreational trips often have high environmental amenity values tied to both the
travel route and the trip destination, increasing the value of transportation
strategies with lower environmental impacts.

The coordinated management of both demand and capacity fosters greater
efficiency from existing transportation facilities, maximizing their overall person-
moving and goods-moving capacity. Well-designed, well-coordinated
Transportation Management strategies can provide win-win solutions to
transportation challenges in recreation-centered corridors by improving the
overall visitor experience, enhancing economic vitality, and reducing (or
delaying) the need for major transportation infrastructure investments with
potentially high economic and environmental costs.
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Challenges for Transportation Management on I-70

The following factors present challenges to the development of Transportation
Management strategies in the I-70 Mountain Corridor.

Lack of a coordinating organization for I-70 “functional area.” The 1-70
Mountain Corridor represents a single functional area. Defined by common
geographic characteristics and tourism-related economic generators and united
by I-70 as a major transportation connector, residents and visitors live, work,
and play throughout the entire I-70 Mountain Corridor, from west Denver to
Glenwood Springs. This common “functional area” includes five counties,
more than ten municipalities, multiple public and private transit operators, and
one regional airport. However, there is no existing organization to coordinate
activities that impact transportation across jurisdictions. This is a challenge
because the development and implementation of many Transportation
Management strategies rely on enhanced coordination between transportation
providers and between the public- and private-sector organizations. In many
corridors around the country, Transportation Management Associations
(TMA) have been created. These associations bring the diverse interests along
the corridor together to help implement Transportation Management
strategies.

Transportation Management less proven in recreation-centered
corridors. There is significant experience and understanding of
Transportation Management strategies within urbanized areas, particularly for
commute-trips. There has been less experience with these strategies for
recreation trips. Nonetheless, the last few years have seen a surge in interest in
and implementation of Transportation Management measures in tourism
environments, with the National Park Service leading the charge in parks like
Acadia and Yosemite. The development of Transportation Management
strategies for the I-70 Corridor is based on a review and analysis of 11 similar
corridors throughout North America, from Lake Tahoe to Cape Cod (see
Appendix A).

Currently high average vehicle occupancy. The average number of
passengers per vehicle in the I-70 Mountain Corridor today is approximately
2.4, considerably higher than national averages for all trips types but normal
for recreation-centered corridors. Incremental increases in average vehicle
occupancy (AVO) are often more difficult in areas where AVO rates are
already high.

Opportunities for Transportation Management on I-70

The following factors present opportunities for the development of successful
Transportation Management strategies in the I-70 Mountain Corridor.

Strong network of local transit systems and pedestrian-friendly
communities. Eagle County Transit, Summit Stage, localities, and ski areas
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currently operate successful, and free, transit services in a large percentage of
the primary destination areas along the Corridor. Additionally, many of the
primary destination communities along the 1-70 Corridor feature pedestrian-
friendly central areas. These services are a critical element for the success of
many Transportation Management strategies, as they provide a background
network of transportation infrastructure for those arriving without a vehicle.

« Distinct and predictable trip types and patterns. Recreation trips along the
I-70 Corridor, particularly those originating from the Front Range, are largely
distinct (in terms of trip purpose) and predictable (in terms of travel patterns
and departure times). Additionally, travel route options are limited, and
destinations concentrated. Winter destinations are more concentrated than
summer destinations. Compared to the varied and disperse nature of urban
commute-trips, trip-making in recreation-centered corridors like I-70 is more
focused, which allows more effective targeting of Transportation Management
strategies to specific travel markets.

« High value on travel experience among recreation, ‘“‘choice” trips. The
1999-2000 1I-70 User Study found that 63 percent of travelers on I-70 (Winter
2000) made ““similar trips” on I-70 once a month or less. For trips taken less
frequently, particularly recreation trips (which are typically optional, or
“choice” trips), travelers often place a higher value on travel “experience.”
Other factors such as travel cost and travel time, while still relevant, are often
less of a priority than they would be for trips like commute-trips that are
undertaken much more frequently. When the travel destination is
recreation/enjoyment, transportation to the destination becomes part of the
overall experience. As such, there are opportunities for Transportation
Management strategies to tailor travel options that stress convenience and
enjoyment (even over travel time and travel cost factors).

« Peak-shifting is already occurring. Travel patterns along I-70 have already
shifted to off-peak hours in response to growing traffic congestion during
peak-periods. While this shift in demand provides a degree of congestion
relief, these shifts are occurring in response to a “negative’ influence: peak-
period congestion. There is reason to believe that some trips are eliminated
altogether from the 1-70 Corridor, which has a detrimental impact on
economic vitality for both private- and public-sector interests in the Corridor.
There is an opportunity to “control the message” and begin to shift the
influential factors from negatives (congestion, difficult driving conditions,
etc.) to positives (convenient travel options, off-peak travel incentives, etc.).

« Incremental improvements mitigate/delay the need for investments with
high economic and environmental costs. Transportation Management
measures target-specific roadway locations and time periods where demand
exceeds capacity. As such, to be effective, these strategies do not need to
achieve large-scale shifts in corridor-wide travel behavior. Relatively small
shifts in demand can “smooth the peak™ and improve overall operations and
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efficiency. Additionally, even minor shifts in demand (and reductions in
temporary delays) can delay the need for major infrastructure investments by
getting more out of existing facilities.

Comparable North American Case Studies and Best
Practices

The following section provides an overview of best practices from 11 North
American case studies researched for this project to establish a context for the
development and evaluation of Transportation Management strategies for the I-70
Mountain Corridor. Appendix A provides a full description of these case studies.

Case Study Locations
1. The Lake Tahoe Region, California/Nevada

« Various corridors including Nevada State Route 28, California’s 1-80,
California Highway 50

2. Whistler-Blackcomb, British Columbia
« Highway 99
3. Cape Cod National Seashore, Massachusetts
« Route 6
4. Florida Keys
« US 1, from Miami to Key West
5. US National Parks
« Great Smoky National Park - Cades Cove Loop
« Acadia National Park
« Grand Canyon National Park
« Zion National Park
« Yosemite National Park
6. Washington State
o [-405 corridor
7. 1-93: Salem to Manchester, New Hampshire

Best Practices Overview

Despite the unique geographic features, level of planning efforts and differing
political environments, the case study research identified the following specific
programmatic and marketing best practices for the implementation of
Transportation Management strategies in high recreation-travel corridors:
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Programmatic and Institutional Best Practices

« Regional coordination: Coordinate with local and public planning agencies
(including departments of transportation, parks departments, city and county
jurisdictions, metropolitan planning organizations, etc.), businesses (including
tourist agencies, resorts, ski resorts, etc.), and residents (including peak-season
and year-round residents) when planning Transportation Management
strategies.

« Integration of commute-oriented strategies: Include commute-oriented
employee mobility strategies within the overall tourism-focused
Transportation Management plan.

« Incentives over disincentives: Focus on incentives over disincentives to
increase vehicle occupancy and encourage off-peak travel as a means to
maintain or improve the visitor experience for recreational-oriented trips.

« Affordability, convenience, and enjoyment: Make transportation choices
easy to use, affordable, and fun for visitors. Non-auto-oriented travel options
should be fully integrated into the overall visitor experience.

Marketing and Information Best Practices

The case study research revealed the importance of marketing and information
programs to the effectiveness of Transportation Management programs:

« Information early and often: Market TDM and Transit programs at every
level of the visitor’s experience. The visitor should be aware of transportation
options from when they start planning their trip to when they arrive. Provide
detailed, easy-to-understand information to visitors regarding their travel
choices and how to use them.

« Take advantage of technology and existing information channels: Use the
Internet, tourist and travel agencies, and resort marketing programs to market
both recreation and transportation messages.

« Tailor messages to key target markets: Include marketing efforts targeted at
two distinct visitor audiences: those who arrive car free and those who drive.
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Development of Transportation Management
Strategies

The following issues are central to the development of all of the alternatives:

1.

Understand travel market segments and target travel markets with the
best ability to solve the problem. While there are a tremendous number of
trip types using the I-70 Corridor, Transportation Management strategies
designed to address specific transportation problems must (1) target the
primary target markets contributing to these problems and (2) design travel
options that appeal to these target markets. Program development should be
focused, not scattershot. As such, market segmentation research should be a
key precursor to the development of travel alternatives and marketing
messages. Examples of very general market segments using the I-70 Corridor
might include:

IS

& 0

c.

f.

g.

Front Range Winter Day-trippers
Front Range Winter Overnighters
Out-of-town Winter Overnighters
Front Range Summer Day-trippers
Front Range Summer Overnighters
Out-of-town Summer Overnighters

I-70 Employees/Daily Commuters

Focus on a positive visitor experience. The Transportation Management
strategies focus on incentives over disincentives in the design and promotion
of recreation-oriented travel choices and non-peak-period travel.

Capture trips before they enter the I-70 Corridor. Strategies to promote
high-occupancy travel options (whether private carpools/vanpools, private
shuttles, or public transportation) should capture trips from Colorado’s Front
Range and Denver International Airport (DIA) before entering the I-70
Corridor. For example, development of park-n-rides for Front Range travelers
should occur close to trip origins within the Front Range, rather than along the
[-70 Corridor itself. Benefits include maximizing vehicle occupancy on the
[-70 Corridor and reducing parking demand at constrained destinations.
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Transportation Management Strategies — Description and
Assessment

1. Peak-Spreading and Vehicle-Occupancy Incentives

Brief Description: The use of incentives to shift travel demand by time of day
and day of week and to increase average vehicle occupancy. Incentives include
financial incentives, travel time and convenience incentives, and reward/point
program incentives (“frequent flier points”).

Consider demand/capacity relationships across all impacted sectors. While
travel demand and available roadway capacity on the I-70 Corridor are important
to understand, designing an effective Transportation Management program must
consider demand/capacity relationship in other business sectors that influence the
demand for travel on I-70. Examples include ski lift seats, resort/community
parking spaces, lodging beds, restaurant seats, campground spaces, car rental
seats, airline seats, etc. A successful Transportation Management program must
consider ways that the demand/capacity balance in each of these areas interacts to
shape the visitor experience and affect transportation demand on 1-70. This
analysis will form the basis for win-win public-private partnerships where
mutually beneficial overlaps in these demand/capacity ratios exist.

Overview of Strategies:

1. “Colorado Mountain Plus” Club

2. “Colorado Mountain Plus” Smart Card

3. Alternative Recreation Schedule Arrangements
4. Travel Industry Partnership Program

5. Marketing and Education Campaigns

6. “Try Another Way” Challenge Campaigns

Estimated Cost Range:
« Basic Implementation:

« Start-up: $250,000 - $500,000
« Annual: $300,000 - $1,500,000
« Aggressive Implementation:
« Start-up: $500,000 - $750,000
« Annual: $1,500,000 - $3,000,000

Estimated Effectiveness Range (reduction in peak-period travel demand):
« Basic Implementation:

e Summer: 2-4%
« Winter: 4 - 8%
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Aggressive Implementation:

Summer: 3-6%
Winter: 6 -10%

Detailed Description of Strategies:

“Colorado Mountain Plus” Club. Development of an I-70 Mountain
Corridor rewards program, based on concepts similar to “frequent flier”
rewards programs (called the “Colorado Mountain Plus” program for
discussion purposes in this document). A corridor-wide rewards program
provides an array of benefits and efficiencies for the implementation of peak-
spreading and vehicle-occupancy incentives, as well as other Transportation
Management strategies. The program would likely be managed by a group
like a Transportation Management Association (TMA), such as the proposed
“Colorado Mountain Corridor TMA,” described in the previous section.
Program elements/benefits include:

1.

Accrual of reward points and/or direct financial incentives for off-peak
travel and increased vehicle occupancy. Managed at either trips origins
(for example, airports) or trip destinations (for example, ski resorts).

Creates a consolidated “user group” for targeted communications related
to transportation issues, incentive programs, travel packages, trip planning,
emergency communications, etc. Potentially including:

« Advanced traveler information services providing traffic updates and
recommendations of preferred travel times.

« Information on lodging discounts available for nights that encourage
off-peak travel.

Provides advertising “market” for private-sector partners (one of the
incentives for private-sector participation) and offers the potential for
revenue generation.

Program used to integrate several other strategies described in the
following sections.

Could include development of “organization-based” Colorado Mountain
Plus memberships. Special programs and incentives for bulk participation
of organized groups. Working through organized groups provides a natural
complement for ridesharing promotion, allows leveraging of organization-
owned parking spaces along the Front Range (see parking strategies), and
provides for targeted marketing and education programs. Groups could
include:

« Companies

« Youth/school/sports groups

« College/university/alumni groups
Faith groups

«  Out-of-state “ski clubs”

10
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2. “Colorado Mountain Plus” Smart Card. Development of integrated smart
card technology that could serve as a:

« Lift ticket or ski pass
« All-providers transit pass (even for “free” services)
e “Colorado Mountain Plus” debit card for rewards

The development of the Colorado Mountain Plus Smart Card provides
tremendous flexibility for the implementation of a Colorado Mountain Plus
rewards program, and other incentive-based strategies identified in this plan.
As a debit card (using Visa, MasterCard, or other systems), the system would
allow the accumulation of credits (in dollars) from incentive programs that
could be used for lift tickets, lodging, dining, equipment rentals, campground
reservations, car rentals, etc.

3. Alternative Recreation Schedule Arrangements. Working closely with ski
resorts, recreations areas, lodging groups, and others to explore alternative
hours of eligibility for daily and multiday lift tickets, campground
reservations, check-in and check-out times, etc., to facilitate off-peak travel
patterns. Also includes exploring potential travel packages that combine
lodging and activities in an arrangement that allows (or even bundles in) off-
peak travel between I-70 destinations and the Front Range or DIA.

4. Travel Industry Partnerships. Working closely with travel industry
stakeholders to explore potential off-peak travel and high-occupancy vehicle
incentives, including:

« Car rental rideshare/non-peak incentive program. Upgrade costs, as well
as any administrative costs, partially compensated by free advertising
through Colorado Mountain Plus program. Examples:

« Free comp one-class upgrades for 3+ cars

« Free upgrade and ski racks for 4+ cars

» Free upgrade to SUV/Van for 5+ groups, with weekday pickup and
return.

» Free additional day for those returning on Monday.

« Partnerships with Airlines, L.odging, Restaurant Groups. Targeted to out-
of-town visitors. Work to bundle transportation between DIA and
Mountain Corridor destinations into travel packages. Provide off-peak
incentives. Work with lodging groups to provide incentives for stays that
do not start/end during peak travel days (for example, free Sunday night

stay).

« Partnership with Travel Agencies. Work with travel agents booking
Colorado vacations to bundle transportation into traveling planning
services. Provide incentives for those arriving and departing at non-peak
times (for example, free lift tickets, car rental days, lodging nights).

11



[ -70 Mountain Corridor

— DRAFT

Provide incentives for larger groups to book high-capacity vehicles.
Provide all those that book with prepackaged travel information and CO
Mountain Plus Smart Card.

5. Marketing and Education Programs. Marketing and education programs
are essential to the effectiveness of all Transportation Management programs,
including marketing of the “Colorado Mountain Plus” rewards programs, of
travel choices and how they work, and of the benefits of “off-peak™ travel.
Education programs can inform travelers of forecast off-peak “travel
opportunities.” Integrated marketing of travel destinations and of
transportation choices is critical.

6. “Try Another Way” Challenge Campaign. A key barrier to use of various
travel choices is often that travelers have not ever tried other options. This
program includes twice a year “try another way” challenge campaigns to
encourage travelers to try a different travel option on a specific day or week.
This program would be tied to the Colorado Mountain Plus program and
include rewards for participation, a significant prize giveaway for each
campaign, links to organization-based Colorado Mountain Plus members.

2. Enhanced Traveler Information

Brief Description: The provision of enhanced traveler information services
designed to allow travelers to make “smart” travel mode and travel time (by time-
of-day and day-of-week) decisions before departing. Also includes programs to
notify travelers of incident- and weather-related delays during their travels and to
provide advanced public transportation schedule and routing information.

Provide integrated traveler information before the trip begins. Too often,
advanced traveler information programs focus on providing travel information
(regarding alternative modes, off-peak travel opportunities, weather/incident
delays, etc.) to travelers during their trip. However, unless relevant information is
received before departure, opportunities for modifications in travel behavior are
more limited (particularly due to the limited nature of alternative routes along I-
70). Additionally, traveler information and resort marketing programs should be
integrated to maximize opportunities for comprehensive travel planning
(integrating choices regarding travel dates, destinations, and duration with choices
regarding travel mode and departure time). The “messaging” of resort marketing
and travel information should be coordinated and unified.

Overview of Strategies:
1. “Colorado Mountain Plus” Website and Personalized Travel Information
2. “Colorado Mountain Plus” Travel Information and Operations Center

3. Intelligent Public Transportation Systems

12
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Estimated Cost Range:
« Basic Implementation:

 Start-up: $100,000 - $250,000
« Annual: $100,000 - $400,000
« Aggressive Implementation:
« Start-up: $500,000 - $5,000,000
« Annual: $400,000 - $2,500,000

Estimated Effectiveness Range (reduction in peak-period travel demand):
« Basic Implementation:

e Summer: 25-1%

« Winter: S5-1.5%
« Aggressive Implementation:

e Summer: 1-2%

« Winter: 2-3%

Detailed Description of Strategies:

1. “Colorado Mountain Plus” Website and Personalized Travel
Information. A website that provides users with consolidated trip planning
resources (integrating transportation into total trip planning). The website
becomes the central resource for advanced traveler information systems,
centralizing travel information (including incident/weather updates,
congestion reports, etc.) and allowing user personalization (creation of “My
Mountain Plus” homepage). Registered users would be able to receive critical
travel updates by cell phone or email. Advanced travel planning features
would allow integrated planning for transportation connections (along I-70
and at the destination, both public and private), parking information, ski area
and other recreation passes, lodging, dining, etc. This site would build on
existing services, such as the “Colorado Trip” website developed by CDOT.

2. “Colorado Mountain Plus” Travel Information and Operations Center.
Development of a consolidated travel planning reservation and information
center that integrates the services of a “travel agent” and the services of a
“mobility manager.” Colorado Mountain Plus “customer service agents”
would be available to provide trip planning information for all phases of a trip,
including information on various I-70 transportation options and information
on special off-peak travel packages. Information on using transportation
options during the actual visit (for example, how to use the in-town transit
services) could also be available.

3. Intelligent Public Transportation Systems. Investment in advanced vehicle
locator and other GPS technologies to improve the availability of real-time
information for many of the Corridor’s local transit systems. Includes
integration of this technology with web and other communications
technologies.

13
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Breckenridge Main Street Shuttle

3. Park-n-Rides

Brief Description: Utilization of public, private, and joint-venture park-n-ride /
intermodal-transfer facilities to facilitate high-occupancy travel options for trips
originating from the Front Range.

Overview of Strategies:
1. Front Range Park-n-Ride Joint Development

2. Public and Private Park-n-Ride Partnerships

Estimated Cost Range:
« Basic Implementation:
« Start-up: $1,000,000 - $2,500,000
o Annual: $50,000 - $150,000
« Aggressive Implementation:
« Start-up: $3,000,000 - $10,000,000
« Annual: $100,000 — $500,000

Estimated Effectiveness Range (reduction in peak-period travel demand):
« Basic Implementation:

e Summer: 25 -.5%
« Winter: 1-3%
« Aggressive Implementation:
e Summer: 1-3%
« Winter: 3-6%

14
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Detailed Description of Strategies:

1. Front Range Park-n-Ride Joint Development. Phased development of 5 to
15 Front Range park-n-ride/intermodal-transfer-center projects customized for
trips bound for the Mountain Corridor. Pursued as “joint developments”
between a potential Colorado Mountain Corridor TMA, public transportation
organizations, recreational gear rental companies, ski resorts, gaming
companies, restaurateurs, and private transportation providers. Intermodal
pickup and drop-off locations would serve private van and shuttle providers,
lodging shuttles, gaming shuttles, and public transit vehicles. Facilitates
bundling of transportation services with total travel planning (“free shuttle
service from the Front Range with any seven night stay”). A portion of the
parking capacity can be leased to Front Range public transit providers during
off-peak periods. Additionally, incentives based on departure time and vehicle
occupancy would be offered at these locations. Incentive programs should be
marketed as part of overall trip planning programs and integrated with
Colorado Mountain Plus program. Examples could include:

« Rewards program dollars given by vehicle occupancy
» Rewards program dollars given for non-peak departures

2. Public and Private Park-n-Ride Partnerships. Many Front Range parking
facilities are used primarily during the work week. This program would
facilitate partnerships with organizations that manage parking facilities along
the Front Range to promote “private mini-park-n-rides.” Partnering
organizations could include private parking companies (for example, Lanier
Parking), employers, schools, colleges/universities, etc. Partnerships between
private parking companies and the Colorado Mountain Plus program could
provide free parking and Colorado Mountain Plus Rewards for high-
occupancy vehicles or those leaving at non-peak times. With the exception of
the private parking facilities, use of the parking at other organizations would
be targeted to the groups that typically use these spaces (for example,
company employees would use their company’s parking spaces on weekends),
and ridesharing incentives would be facilitated through Organization-based
Colorado Mountain Plus members.

4. Parking Operations and Incentive Plan

Brief Description: Programs to manage existing and future parking facilities at
major I-70 Mountain Corridor destinations.

Overview of Strategies:
1. Priority Parking Access

2. Long-term Management of Parking Capacity

15
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Estimated Cost Range:

« Basic Implementation:

« Start-up: $50,000 - $200,000
« Annual: $75,000 - $200,000
« Aggressive Implementation:
« Start-up: $50,000 - $400,000
« Annual: $300,000 — $600,000

Estimated Effectiveness Range (reduction in peak-period travel demand):

« Basic Implementation:

e Summer: S-1%
« Winter: 1-3%
« Aggressive Implementation:
e Summer: S5-2%
« Winter: 4-15%

Detailed Description of Strategies:

1.

Priority Parking Access. Coordinated program at ski resort lots, mountain
community municipal lots, public recreation area lots, and other managed
parking lots along the Mountain Corridor. Incentives include a combination of
direct financial incentives, priority access to destinations, and the Colorado
Mountain Plus rewards program. Incentives could be tied to both off-peak
arrival times and high-occupancy vehicle targets. Examples could include:

« Access to priority parking areas allowed for arrival before 7:00 AM
« Access to priority areas provided for 4+ HOVs
« Rewards points provided for 5+. Examples (illustrative only):

« $5 on Colorado Mountain Plus debit card for each person in a car with
more than 5 people

« $7.50 for each person in 6+ vehicle

« $10 for each person in 8+ vehicle

Long-term Management of Parking Capacity. Coordination between
recreation areas and cities/counties in the Corridor to manage the long-term
growth of parking capacity at recreation destinations. Continued expansion of
unmanaged parking facilities at recreation destination will continue to
facilitate growth in overall travel demand along I-70. Reductions in the future
growth of parking capacity, coupled with improvements in transportation
alternatives to and within Corridor destinations, provide a significant
opportunity for reductions in the forecast growth of future travel demand.

16
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5. Bicycle Improvements

Brief Description: Improvements to bicycle connectivity and safety within I-70
Mountain Corridor communities, including investments in bicycle facilities and
road-crossings and improvements in bikes-on-transit infrastructure.

Overview of Strategies:
1. Municipal Bicycle Planning and Infrastructure
2. Bikes-on-Transit Investments

Estimated Cost Range:
« Basic Implementation:

« Start-up: $0
« Annual: $50,000 - $500,000
« Aggressive Implementation:
« Start-up: $0
« Annual: $500,000 - $1,000,000

Estimated Effectiveness Range (reduction in peak-period travel demand):
« Basic Implementation:

e Summer: 0-.5%

« Winter: 0-.25%
« Aggressive Implementation:

e Summer: S-1%

« Winter: 0-.5%

Detailed Description of Strategies:
1. Municipal Bicycle Planning and Infrastructure. Enhanced investment in
local and regional bicycle facilities, including planning and construction.

2. Bikes-on-Transit Investments. Investments in transit-related bicycle
facilities, including bike racks on buses, bike lockers at transit stops, etc.

6. Ramp Metering

Brief Description: The control of vehicles input into a freeway system by the use
of traffic lights at on-ramps. Its objective is to achieve maximum flow and prevent
the onset of congestion. This strategy has to be interactive with the changing
demand patterns throughout the day (and week). Also, it has to react to incidents
or lane closures and if its presence at a location changes the demand pattern, the
metering should track and change accordingly.

Overview of Strategies:
1. Eastbound-on at Empire Junction
2. Eastbound-on at East Idaho Springs

3. Eastbound-on at SH 103

17
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Estimated Effectiveness Range (reduction in peak-period travel demand):
Studies in the nation suggest an improvement in travel time of up to 7%.

Detailed Description of Strategies:

1. Ramp metering at the eastbound on-ramp at Empire Junction could help
mitigate the congestion caused by the merge. Public opinion could be a
potential problem due to the increased delay at the on-ramp.

2. The eastbound on traffic at East Idaho Springs, if metered, could possibly
prevent congestion on I-70. The presence of the frontage road as an alternate
route would make it even more effective.

3. Metering at SH 103 would have a similar effect as at East Idaho Springs. The
frontage road could serve as an alternate route here as well.

Conclusions:

Ramp metering is a viable solution only if there is some route choice for the
traffic entering the highway. Adding a ramp meter at Empire Junction is not a
reasonable alternative. If traffic entering eastbound I-70 from US 40 was limited
to the amount of available capacity on 1-70, the resulting queues would stretch for
miles on US 40 and extreme increases in travel time for traffic coming from
Berthoud Pass would result. The only alternative to waiting through the ramp
meter would be to go west on I-70 and get onto I-70 at an unmetered location or
take one of the frontage roads in this area. If traffic diverts to unmetered locations,
then the I-70 traffic flow improvements would not be realized. The frontage roads
in this portion of the Corridor are already heavily traveled during peak hours and
pass through heavily populated areas. Encouraging traffic to travel on them is
contrary to the goals of this study.

Ramp metering at the two Idaho Springs interchanges could be a viable
alternative, if appropriate changes were made to provide an alternate route
between Idaho Springs and the base of Floyd Hill. The necessary changes include
five elements, as listed below, from the Minimal Action alternative:

« SH 103 interchange

« East Idaho Springs interchange

« Improve frontage road from East Idaho Springs to Hidden Valley

« Build new frontage road, with bike path, from Hidden Valley to the base of
Floyd Hill/US 6

» Base of Floyd Hill/US 6 interchange
The primary purpose of the ramp metering would be to limit the traffic feeding on
at the East Idaho Springs interchange. This traffic input, when combined with the

eastbound flow already on I-70, is a prime contributor to the heavily congested
traffic conditions often observed between Empire Junction and Idaho Springs.
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The location at SH 103 would serve to limit traffic diverting from the East Idaho
Springs interchange. The benefits of this alternative include:

« Improve mainline I-70 travel conditions
« Provide an alternate route to I-70 in this area
« Has very low existing population along the frontage road

« Resolve safety and capacity issues at the interchanges

7. Slow-Moving Vehicle Plan

Brief Description: Increase capacity on I-70 for peak-hour, peak-direction travel
by limiting the left lane to those vehicles that could maintain a specified minimum
speed throughout the steep grades that are present on this highway. The slower
traffic will be restricted to the right lane to achieve the higher capacity. Additional
facilities that would help improve slow-moving vehicle travel at all times, such as
chain-up, rest area, WIM and AVI facilities, would also be proposed as part of
this alternative.

Overview of Strategies:
1. Climbing lanes

2. Parking/chain up or down facilities for trucks

Estimated Cost Range:
« Basic Implementation:

« Start-up: $4,000,000 — $6,000,000
« Annual: $75,000 — $200,000

Detailed Description of Strategies:

1. Lane restrictions (slower vehicles in the right lane only) at the following
locations could improve the traffic conditions on I-70: Dowd Canyon to West
Vail, Bakerville to EJMT (westbound), EJMT to Herman Gulch (eastbound),
Downieville to Empire Junction (eastbound), and Georgetown to Silver Plume
(westbound). These lanes will also improve safety by decreasing accidents
caused due to high-speed differentials between vehicles. Adequate signing
will also be provided to ensure that the lane restrictions are conveyed to the
roadway users. Adequate enforcement would be an essential element of this
plan, without which the benefits could not be achieved.

2. Chain up or down and parking/rest areas for trucks will help in improving
operations of these heavy vehicles by improving their performance.

8. Enhanced Incident Management

Brief Description: Mitigation of adverse effects of incidents on I-70 through
real-time congestion and incident information for dispatchers, incident response
vehicles, coordinated response to incidents with local agencies, dynamic routing
of emergency vehicles based on current traffic conditions, computer aided
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dispatch system and wireless communication equipment for emergency response,
and automated incident detection.

9. Winter Park Ski Train

Brief Description: The ski train is an effective way of going to the Winter Park
ski resort. It runs on tracks owned and operated by the Union Pacific Railroad and
therefore, is subject to their requirements. Currently, one ski train a day goes to
Winter Park on Fridays, Saturdays, and Sundays. Given the requirements of
Union Pacific Railroad, at most one more trip could be added to each of these
days.

Detailed Description of Strategies:

1. The added trip could be potentially helpful to many people, but its limitations
in number of trips and locations does not make it a very effective alternative
for I-70 recreational traffic.

10. Buses/Shuttles in Mixed Traffic

Brief Description: Provision of support for rolling stock purchases and
implementation of minimum revenue guarantees for private transportation
providers providing connections between Denver International Airport and Front
Range locations and the I-70 Mountain Corridor.

Overview of Strategies:
1. Capital Investments and Subsidies for Private Transportation Services

Estimated Cost Range:
« Basic Implementation:

« Start-up: $50,000 - $75,000
« Annual: $500,000 - $2,000,000
« Aggressive Implementation:
« Start-up: $100,000 - $200,000
« Annual: $2,000,000 - $6,000,000

Estimated Effectiveness Range (reduction in peak-period travel demand):
« Basic Implementation:

e Summer: 25-1%
« Winter: 1-3%

« Aggressive Implementation:
e Summer: S5S-2%
« Winter: 2-4%

Detailed Description of Strategies:

1. Capital Investments and Subsidies for Private Transportation Services.
Explore support for rolling stock purchases and minimum-revenue guarantees
for private transportation providers serving long-range trips between DIA and
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the Front Range and I-70 Mountain Corridor destinations. Private provider

partners would participate in Colorado Mountain Plus programs.

11. Limited-Access Frontage Road

Brief Description: Limit travel on the frontage roads between Hidden Valley and
Bakerville to usage by transit vehicles and Clear Creek County residents during
peak travel hours. Electronic card-controlled access gates would control access.
This would be an effort to increase transit usage in the Corridor by decreasing
transit vehicle travel times.

Detailed Description of Strategies:

1. The limited access to the frontage road between Hidden Valley and
Bakerville, it is hoped, would encourage the use of transit and thereby reduce
traffic on I-70. This alternative would provide some encouragement to
Corridor travelers to take transit, but the other mode choice variable that
would be affected would be the travel time. Other important considerations,
such as cost, frequency, and connectivity, would not be affected. It is unclear
if this strategy would provide any net benefit.

Summary of Transportation Management Strategies

COST SUMMARY BASIC AGGRESSIVE
Start-Up Annual Start-Up Annual
Peak-spreading and Vehicle-occupancy $250,000 - $300,000 - $500,000 - $1,500,000 -
Increases $500,000 $1,500,000 $750,000 $3,000,000
Enhanced Traveler Information $100,000 - $100,000 - $500,000 - $400,000 -
$250,000 $400,000 $5,000,000 $2,500,000
Park-n-Rides $1,000,000 - $50,000 - $3,000,000 - $100,000 -
$2,500,000 $150,000 $10,000,000 $500,000
Parking Operations Plan $50,000 - $75,000 - $50,000 - $300,000 -
$200,000 $200,000 $400,000 $600,000
Bicycle Improvements $0 $50,000 - $0 $500,000 -
$500,000 $1,000,000
Slow-moving Vehicle Plan $4,000,000 - $75,000 -
$6,000,000 $200,000
Buses in Mixed Traffic $50,000 - $500,000 - $100,000 - $2,000,000 -
$75,000 $2,000,000 $200,000 $6,000,000
BASIC AGGRESSIVE
EFFECTIVENESS Summer Winter Summer Winter
(reduction in peak period travel)
Peak-spreading and Vehicle-occupancy 2 -4% 4 - 8% 3-6% 6 - 10%
Increases
Enhanced Traveler Information .25 - 1% 5-1.5% 1-2% 2-3%
Park-n-Rides .25 - .5% 1-3% 1-3% 3-6%
Parking Operations Plan 5-1% 1-3% 5-2% 4 - 15%
Bicycle Improvements 0-.5% 0-.25% 5-1% 0-.5%
Slow-moving Vehicle Plan NA NA NA NA
Buses in Mixed Traffic .25 -1% 1-3% 5-2% 2-4%
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Recommended Transportation Management

Strategies

Alternatives that have the capability to help respond to the purpose and need of
the PEIS in an efficient manner include the following:

1. Peak-spreading and vehicle-occupancy incentives
2. Enhanced traveler information

3. Park-n-rides

4. Parking operations and incentive plan

6. Ramp metering

8. Enhanced incident management

We recommend that the following alternatives be screened out, as they do not
have the capability to help respond to the purpose and need of the PEIS, in an
efficient manner in:

5. Bicycle improvements

7. Slow-moving vehicle plan

9. Winter Park Ski Train

10. Buses/shuttles in mixed traffic
11. Limited-access frontage road

Implementation Considerations

The distinction between designing Transportation Management strategies for the
I-70 Mountain Corridor and implementing these strategies should not be
overlooked. Unlike many “build” strategies, the development, implementation,
and management of many Transportation Management strategies rely heavily on
the fully integrated involvement of the private sector. Resort organizations, major
employers, developers, building managers, business associations, retailers, and
others have tremendous influence over the traveling habits of employees, visitors,
and shoppers. Public sector organizations responsible for transportation and
planning in an area can make travel options available and more convenient, but
the demand for these facilities and services is largely determined by operational
policies set by the private sector. The synergism of multiple organizations and
individuals banding together can often accomplish more than any one government
agency, employer, developer, or resident could do alone.

Transportation Management Associations. Currently, there is no organization
within the I-70 “functional area” (see page 4) with responsibility or investment in
coordination and funding of Transportation Management strategies. The
feasibility of a Transportation Management Association (TMA) should be
explored to engage both public- and private-sector stakeholders in program
design, funding, and implementation.
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Transportation Management Associations — An Overview

Communities throughout the United States have struggled with many of the issues
discussed above. Responding to the need to foster long-term public-private
partnerships designed to implement Transportation Management programs and
projects, many communities across North America and Europe have formed
organizations called Transportation Management Associations (TMAs). There are
currently six TMAs in the state of Colorado and more than 150 across North
America.

What is a TMA? TMAs generally exist as independent, non-profit
organizations, funded by key public- and private-sector stakeholder groups
(for example, government agencies, major employers, developers,
business/resort associations, public and private transportation providers, etc.).
Representatives from each key stakeholder group form the TMA’s steering
committee, with a professional staff of one to four people responsible for
planning and implementing Transportation Management programs (either
alone or in partnership with other organizations). The independent nature of
the TMA allows stakeholders to formulate an action plan that reconciles
various individual interests and provides various tangible benefits to each
participating organization.

Colorado Mountain Corridor Transportation Management
Association (CMC-TMA)

A TMA serving the I-70 Mountain Corridor (referred to in this section, for
discussion purposes, as the “CMC-TMA”) could cover the I-70 Corridor between
west Denver and Vail/Glenwood Springs, along with several of the communities
with close ties to I-70 from an access perspective (for example, Breckenridge,
Winter Park, etc.). CMC-TMA members would likely include all major public-
and private stakeholder organizations that affect, and are affected by,
transportation dynamics on I-70. For example, participants could include:

« Chambers of commerce and resort associations

« Ski resorts

« Lodging companies and associations

« City and counties

« Colorado Department of Transportation (CDOT)

« Public transportation providers (for example, Summit Stage, Eagle Transit,
Regional Transportation District, etc.)

« Private transportation providers

« National Forest and State Park representatives
« Travel agency/travel planning representatives
« Airline and car rental representatives
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Gaming representatives
Others

Potential Roles for a CMC-TMA

The following items represent potential roles and responsibilities for a Colorado
Mountain Corridor TMA:

Transportation Service Coordination. Providing a forum for coordination
and collaboration among key transportation providers in the Corridor (for
example, CDOT, Summit Stage, Eagle County Transit, ski resort transit
systems, lodging shuttles, private transportation providers, etc.). Coordination
would focus on achieving economies of scale and simplifying travel choices
for visitors.

Coordinated Marketing and Education. Integration of marketing for 1-70
destinations with marketing of travel choices to and within the Corridor.
Production of coordinated schedule/route maps that incorporate multiple
transit providers. Development of advanced traveler information systems and
integration of these systems with visitor information distribution channels.

Advocacy. Collective advocacy for continued transportation and economic
development investments throughout the Corridor, including advocacy at the
national level for federal and foundation funding. Public-private partnerships
with diverse stakeholder representation can be very effective in this regard.

Employee Mobility Programs. Working closely with major employers in the
Corridor to develop employee mobility programs to improve access to labor
markets in response to the jobs-housing imbalance issues facing many resort
communities along I-70. Programs could include employee shuttles, vanpools,
and carpools coordinated among multiple employers in an area, and the
development of enhanced transportation information for employees (including
multi-lingual transit maps/schedules that cover all transit providers in an area).

TMA Development — Next Steps

Forming a TMA is similar to starting a new business. Before getting off the
ground, extensive research should confirm the viability of the business concept. A
TMA Feasibility/Formation Study (often sponsored by public-sector seed
funding) typically includes evaluation of:

the overall level of need, and logical boundaries, for a TMA,
the types of services a TMA could provide,
the level of support for a TMA from key stakeholder groups, and

the availability of adequate financial commitments to support a TMA (both
initially and over time).
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Appendix A: North American Case Study Research

The following section details case studies from 11 North American case studies
researched for this project to establish a context for the development and
evaluation of Transportation Management strategies for the I-70 Mountain
Corridor.

Case Study Locations
1. The Lake Tahoe Region, California/Nevada

« Various corridors including Nevada State Route 28, California’s 1-80,
California Highway 50

2. Whistler-Blackcomb, British Columbia
« Highway 99
3. Cape Cod National Seashore, Massachusetts
« Route 6
4. Florida Keys
« US 1 from Miami to Key West
5. National Parks
« Great Smoky National Park - Cades Cove Loop
« Acadia National Park
« Grand Canyon National Park
« Zion National Park
« Yosemite National Park
6. Washington State
« 1-405 corridor
7. 1-93: Salem to Manchester, New Hampshire
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Case Studies

1. Lake Tahoe Area

Multiple entry points to Lake Tahoe’s popular skiing, casinos, and outdoor
recreation activities allow an influx of visitors to the two main business centers
within the basin. Travel on seven of the main access routes increased 20 percent
from 1981 to 1995 and an additional 8.85 percent from 1995 to 1999. Various
regional and local organizations within the Tahoe Basin have been involved with
developing strategic Transportation Management strategies targeted to the visitor.
Additionally, multiple corridor-oriented strategies have been developed.

General Regional Strategies

1.

Ski Resort Bus Service: Heavenly Resort on South Lake Tahoe provides a
free shuttle bus for skiers. The bus system picks skiers up at various lodging
establishments and shuttles them to Heavenly Ski Resort. These buses are
operated by the public bus system but exclusively for Heavenly Resort. North
Lake Tahoe ski resorts offer similar shuttle services. The ski resort shuttles are
advertised on various websites, both resort-oriented and general Tahoe visitor
information oriented websites.

Casino Transit: Tahoe Casino Express operates luxury bus transit service
from the Reno Airport to Lake Tahoe casinos. Last winter, the fee per rider
one way was $19.00. Casinos initially subsidized the bus service, but it is
currently self-sustaining and operated by a private company. The Casino
Express provides ample room for ski and snowboard gear. A similar casino-
oriented luxury bus service is currently being discussed for the Sacramento to
Tahoe corridor.

Internet Information: As mentioned, ski resorts advertise their free shuttles
on various Tahoe travel and informational websites. In addition, the Tahoe
Transportation District’s website provides information on a car-free Tahoe
vacation and links to both private and public transportation options within and
to the Tahoe basin.

South Lake Shuttle: The South Lake Tahoe Transportation Management
Association (TMA) found that 90 percent of bus ridership was resident and
only 10 percent tourist/visitor. Focusing on a general philosophy that any
visitor-oriented transit options should be fun, easy, and innovative, the TMA
looked to Disneyland for models of visitor mobility. They initiated a seasonal
trolley system within the city and marketed it toward visitors. After a year of
operation, a ridership survey revealed that 90 percent of trolley riders were
tourists/visitors and 10 percent were residents. Furthermore, overall ridership
has increased each year until 2001.

North Shore Trolley: Similar to the South Lake Shuttle, the North Shore
Trolley is a summer-only form of public transportation marketed toward
visitors. A recent ridership survey found that 60 percent of users were visitors
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to the area and 50 percent of them had access to cars. The Trolley, which was
initially operated by the Truckee/North Tahoe TMA (TNTTMA), is currently
managed by the county and paid for by private businesses.

6. Ski Resort Coalition: Recognizing the direct interest the ski resort
community has in ensuring efficient and accessible transportation options in
the North Lake Tahoe area, the TNT/TMA convened a ski resort coalition.
This coalition has been involved with improving and enhancing public and
private transit for employees and visitors. Together, they advocated and paid
for expanded service along SR 89 during the winter, which resulted in
increased ridership. In addition, the ski resort coalition takes on some
responsibility for funding innovative and enhanced transportation options.
Although the ski resorts in North Lake Tahoe are involved in the regional
employer rideshare program, each ski resort offers employees unique
incentives for taking public transportation. For example, some provide
discounted meal tickets while others provide recreation-related incentives.

Corridor Specific Strategies

1. State Route 80: SR 80 is the main corridor connecting the Sacramento and
San Francisco Bay Area with the Lake Tahoe region.

« Proposed Rail: Numerous I-80 corridor studies have been conducted
including a study to determine the feasibility of developing rail service
between Sacramento and Reno via Lake Tahoe. The California
Department of Transportation (CalTrans) found that 80 percent of the
2.1 million travelers to Lake Tahoe are skiers and, therefore, tailored the
rail study to address skier-oriented travel. Annual ridership on the I-80
corridor rail service was estimated to be approximately 230,000. Due to
political and economic reasons, the plan was not approved.

« Choke-Point Management: Currently, CalTrans is working on improving
inter-regional travel (such as that to Lake Tahoe) by focusing on
improving mobility through choke points in urban areas and enhancing
bus service. CalTrans is starting to focus more on TDM strategies and
their consequential modal shift, but much of the analysis is currently being
completed and unavailable.

2. Highway 89: Highway 89 connects I-80 with Lake Tahoe. Recreation-
inspired congestion on SR 89 is a concern, yet due to the high cost of
environmental mitigation, highway expansion is not possible.

« Bicycle Trail: A new bike trail takes cyclists off Hwy 89, designed partly
with the intent of giving visitors a viable alternative to automobile once at
Lake Tahoe. This trail will connect cyclists with a newly constructed trail
that circumnavigates the Lake.

3. State Route 28: SR 28 is a popular winding scenic two-lane highway in East
Lake Tahoe linking major destination areas in the Tahoe Region while
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providing access to popular beaches, trails, and vistas. Recently, parking along
SR 28 demand exceeded supply causing visitors to park on the fragile, “prone
to erosion” shoulders. The combined effect of erosion and access limitations
lead to the development of a Recreational Traffic Management study with the
goal of managing recreational traffic along State Route 28 to US Highway 50.
The Tahoe Regional Planning Agency (TRPA), the Truckee-North Tahoe
Transportation Management Association (TNT/TMA), and the Nevada
Department of Transportation (NDOT) partnered to design a plan that would:

« Minimize the environmental impact of recreational travel along the
corridor

« Manage recreational traffic to reduce visitor impact on natural resources,
encourage alternative modes of transportation

« Reduce the impact of recreational traffic and parking on the capacity and
level of service of SR28.

Using traffic analysis data, resident and visitor surveys, and field observances,
the study identified key facts regarding recreational travel on SR 28. These
facts drove the creation of four main alternatives and the selection of the
preferred alternative. The table below outlines the recommended alternative,
costs, and effectiveness of the alternative.
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SR 28 Recreational Traffic Management

Study Recommendations, Costs, and Effectiveness

Parking

Shoulder Parking Control

Shuttle

Enforcement Program

Informational/Educational
Program

Total Construction Costs
Total Annual Operating Costs
Parking Revenues

Parking Violation Revenues
Daily VMT Reduction

NOx Reduction

Eliminate all shoulder parking

Construct new lots where possible near destinations
Construct new lots to be served by a peak season shuttle
Use physical barriers such as guardrails and sign posts

Operate during peak periods
Serve intercept lots and new lots

Two full-time seasonal parking control officers
Inform drivers accessing the area before they arrive
Regional advertisements

Brochure

AM radio, highway signage

$1,705,100

$204,900

$25,550

$100,000

Approximately 1,434 VMT, or 9.6 percent

2,681 grams per day or 0.01 percent of the estimated average summer
day emissions

The plan concluded with detailed information regarding establishing an East
Shore Recreation Traffic Oversight Committee. This committee would include
members from key local, state, and federal organizations and would be
responsible for developing an evaluation and monitoring plan. In addition, the
plan recommends that a managing entity be assigned daily operational
responsibilities of the plan. A local transit district was suggested as the managing

entity.

Sources:

1. Nevada State Route 28 Recreational Traffic Management Study. 1995.
http://tahoe.ceres.ca.gov/lsc/tbl_con.html

2. South Lake Tahoe TMA Executive Director, Dick Powers. Phone
conversation November 1, 2002.

Virtual Tahoe transportation information. www.virtualtahoe.com

4. CalTrans. Mark Dinger and Karen Peneschi. Conversations October 27 and

October 30.

5. Tahoe Transportation District Car-Free website.
http://www.virtualtahoe.com/playground/Getting Around/TTD/TTD.html
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2. Whistler-Blackcomb British Columbia, Canada

The two-lane Highway 99, otherwise known as the Sea to Sky Highway, is a
popular tourist route. One of the most popular spots along the route is the
Whistler-Blackcomb ski area; the largest ski area in North America with more
than 7,000 acres of skiable terrain. In addition to its popularity as a ski resort, the
area is well known for its mountain biking, hiking, and other non-winter
activities. Congestion on Highway 99 and in the Village of Whistler during peak
winter afternoon periods is excessive, and year-round congestion on Highway 99
is growing. Thus, Whistler is looking at various tourist- and employer-oriented
strategies to improve travel times. In addition, Whistler, British Columbia, is in
the bid process for the 2010 Winter Olympics.

Strategies

1.

Shuttle: The Village of Whistler sponsors a free shuttle within the town of
Whistler with service to the Blackcomb Mountain Base Lodge.

Public Transportation: The local transit provider, WAVE, provides public
transportation around the greater Whistler area. WAVE serves more than

2 million riders on 23 buses and operates from 5:00 AM to 3:30 AM. Buses are
equipped with ski racks in the winter and bike racks in the summer. Passes are
available in various increments (1 or 30 days and/or 5, 10, or 20 rides). Free
transit rides are provided on important days such as World Earth Day, Clean
Air Day, International Car Free Day, and New Year’s Eve. Wave provides
service from Vancouver, British Columbia, and Vancouver Airport ($160 and
$180 respectively) to Whistler.

Preferential Parking: Whistler Village provides priority parking to carpools
and vanpools.

Comprehensive Transportation Strategy: The Transportation Advisory
Group (TAG), a public-private partnership tasked with addressing
transportation issues in Whistler, created a Comprehensive Transportation
Strategy that, in addition to outlining new land use policies, transit
enhancements, and roadway improvements, includes innovative TDM and
parking management and strategies.

TDM Strategies

Skier Program: Manage travel demands on peak skier days with a Peak Day
Program that encourages alternative modes and discourages use of the private
automobile by

« Providing free transit service
« Implementing pay parking strategies

Hours of Operation: Explore modification of mountain operating hours on
peak days to spread out traffic peaks along with more flexible ticketing
options.
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« Commute Trip Reduction: Establish and promote an Employer Trip
Reduction Program. Research the possibility of combining a transit pass and
lift pass for employees who use the bus.

« Visitor Rideshare Program: Organize a rideshare program for Whistler day
visitors. Provide a van/shuttle service from Vancouver to Squamish,
Pemberton, and Whistler.

Parking Management Strategies
« Limit skier parking to existing levels; no net gain in parking capacity except
efficient parking operations.

« Expand pay parking.

Effectiveness

Effectiveness, either planned or resulting from the defined TDM strategies, was
unavailable. Important to note is that the TAG recommends that TDM programs
and enhancements to transit and non-motorized modes should occur before any
roadway enhancements or construction occurs. They have set a flexible goal of a
15 percent reduction of automobiles in peak hours (reduction based on projected
growth in traffic volumes as if no TDM measures were in place).

Sources:

Information gathered primarily from the following documents:

1. Comprehensive Transportation Strategy. Summary Report. The
Transportation Advisory Group.
http://www.whistler.ca/reading/documents/Transport%?20Strategy.pdf

2. The Vancouver-Whistler 2010 Olympic bid: Transportation Solutions for the
Winter 2010 Olympics . Buehrmann, Sebastian.
http://www.sfu.ca/~geo449/transportation/Technologies%20and %20Solutions

pdf

3. Cape Cod National Seashore

The Cape Cod National Seashore and the unique 15 towns that line Route 6 draw
thousands of visitors every year to explore and relax. Unfortunately, seasonal
traffic congestion has decreased mobility along Route 6 for visitors and year-
round residents. The Cape is known as a car-dependent area because of various
factors including the lack of transportation service coordination, coupled with an
overall lack of knowledge regarding public transportation options among
residents and visitors. In an effort to recognize and respond to the growing
congestion problems, the Cape Cod Transit Task Force is proposing a 25-year
transportation plan that outlines a system-wide approach that focuses on public
bus transportation. The Task Force is working toward a solid vision statement:

“I CAN get there from here WHEN I want to go.”
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Strategies

Key elements of the plan aimed at both recreational users and year-round
residents of the Cape Cod area include:

« Coordination: Improve the coordination between the large numbers of
transportation providers on the Cape.

« Education: Increase public awareness of transportation options available
on and to the Cape including accessibility by bus, ferry, bike, rail, and
road.

« Efficiency: Increase efficiency of transportation system and decrease
duplication where it exists.

« Exclusiveness: Identify and address service gaps.

Increasing the frequency of the Cape Cod Regional Transportation Authority’s
bus service, including expanding to year-round Sunday service and adding
services to both underserved areas and whale watch departure points, and building
a new bus-only lane on Route 6 from Sandwich to Sagamore Bridge are two
specific elements of the Task Force’s proposal. The development of hub
transportation facilities that serve as multimodal centers is also a key piece of the
proposal.

Effectiveness:

Because the Cape Cod Task Force is in the planning stages and the alternatives
are currently being analyzed, effectiveness (including proposed effectiveness)
measures for the TDM strategies are unavailable.

Cost and Funding:
Estimated costs for entire program:
« Capital improvements: $41 million

« Operating improvements: $19.5 million
In addition to accessing traditional local, state, and federal funding sources, the
Task Force includes the provision of additional revenues through the following

ways:
« New tax revenues from Barnstable County.

« Adjustment of federal formulas to base Cape’s funding on seasonal
population.

» Use of dedicated revenue from new, seasonal, or year-round user fees on
rooms, sales and/or gasoline.
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Sources:

Information gathered primarily from Internet research including access to the
following documents:

1. Cape Cod Five-Year Transportation Plan 2002-2007

2. Cape Cod Regional Transportation Authority; http://www.capecodtransit.org/

4. US 1 from Miami to Key West

Popular Key West and the Florida Keys are accessible by road via US 1 from
Miami. With the exception of congestion along an 18-mile stretch of US 1, the
four-lane signalized highway seems to handle capacity well. Discussions with
individuals from Broward County and the Florida Department of Transportation
resulted in the discovery that no TDM strategies have been planned or considered
for US 1. Two reasons were given for this: (1) a perception that there is no need
for TDM on the corridor and (2) TDM would require coordination between the
numerous jurisdictions on the Florida Keys. Building consensus between these
jurisdictions has proved difficult.

Main Sources:

Information gathered primarily from Internet research and phone conversations

including:

1. Phone conversations with Ken Jeffries at FLDOT and Ernesto Polo at
Broward County

2. South Florida Regional Planning Council. http://www.sfrpc.com/

3. Strategic Regional Policy Plan for South Florida.
http://www.sfrpc.com/ftp/pub/srpp/srpp0895.pdf
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5. National Parks

Each of the following case studies describes traffic issues within a National Park
governed by the National Park Service. Given this governance structure, each
case study shares the National Park Service’s transportation mission to “preserve
and protect resources while providing safe and enjoyable access within the
National Parks by using sustainable, appropriate and integrated transportation
solutions.”" Each park is responsible for developing a General Management Plan,
with the exception of congressionally mandated projects and emergency
rehabilitation. These plans are to be linked with local land use and transportation
planning efforts to the highest extent possible. To achieve the transportation
mission, the National Park System is currently gathering and analyzing alternative
transportation system (ATS) effectiveness data and traveler/visitor data. The data
will be analyzed in fiscal year 2003 to determine effectiveness of the various ATS
strategies implemented.

a. Great Smoky National Park- Cades Cove Loop

Receiving more than 2.5 million visitors a year, the Cades Cove Loop, located in
the Great Smoky Mountains National Park, is one of the park’s most popular
tourist destinations. Visitors enjoy rare glimpses of wildlife, multiple national
historical sites, and spectacular natural beauty. The annual number of vehicles on
the 11-mile one-way loop has quadrupled since 1970. Heavy visitor use is
damaging the natural and cultural resources of the park while impeding on the
quality of the visitor’s experience. Most travel on the Cades Cove Loop is auto
oriented, and on days when the traffic is light, the 11-mile loop is an hour’s drive.
Yet, during busy seasons (such as summer and the month of October), this
increases to an average drive of 3 hours.

Strategies

In partnership with the regional Metropolitan Planning Organization (MPO), the
Great Smoky National Park is currently developing the Cades Cove Opportunities
Plan (CCOP). This plan will outline key transit and transportation demand
management (TDM) strategies, all consistent with National Park Service goals,
policies, and procedures, aimed at increasing accessibility of Cades Cove and
mobility options for visitors. Visitor experience and the preservation of the Cove
are key to the CCOP. The CCOP lists various core technology alternatives
including:

« Light rail
« Cograilway
« Open-air tram

« Conventional bus

' National Park Service Transportation Alternatives Department. http://www.nps.gov/transportation/alt/fotstatus.htm
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« Electric shuttle bus
« Articulated bus

« Over the road coach

Each technology alternative was measured against the following criteria:

1. Operational (Will the strategy fit easily into existing infrastructure? Do proven
applications exist? Will efficient loading and unloading of passengers occur?)

2. Impact on visitor’s experience

3. Ability to meet visitor demand

4. Resource issues

5. Infrastructure requirements

Demand management strategies are also included in the CCOP as complementary
strategies to the technology strategies listed above.

Traffic Management Strategies Considered in the CCOP

Access restrictions: Limit the number of cars permitted to enter the cove at any
give time with the intent of ensuring the volume of cars in the Cove is less than
capacity allowed.

ITS: Consider ATIS to inform visitors about wait time, parking availability,
and/or roadway and weather conditions

Bike and Pedestrian Modes: Include bike racks on the chosen transit vehicles,
improve access to sites and the Loop, and encourage the use of these modes
through expanding onsite rental facilities and ranger bike tours and a public
information campaign. Currently, the road is closed to motor vehicles Saturdays
and Wednesdays from early May to late September until 10:00 AM to enable
bicyclists and pedestrians to travel the loop safely.

Effectiveness

Because the CCOP is in the planning stages and the alternatives are currently
being analyzed, effectiveness (including proposed effectiveness) measures for the
TDM strategies are unavailable. The TDM strategies are designed to complement
and enhance the preferred technology alternative, which is yet to be determined.

Main Sources:

Information gathered primarily from Internet research including access to the

following documents:

1. Cades Cove Technology Assessment (August 2001); Regional Transportation
Alternative Committee. www.knoxtrans.com/rtap/index.htm
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b. Acadia

Strategies

2. Cades Cove Opportunities Plan website. http://www.cadescoveopp.com/

3. Park Announces Experimental Cades Cove Traffic Measures.
www.nps.gov/grsm/gsmsite/newscovetraffic.html

National Park

Visitors to Acadia National Park located in Maine, just 6 hours north of Boston,
enjoy rocky Atlantic shoreline and beaches, mountainous terrain and numerous
wilderness lakes and ponds. Unfortunately, auto use in the park has begun to
negatively impact both the park’s natural resources and the visitor’s experience.
The park has made multiple efforts to reduce visitor auto dependency by initiating
a few innovative and effective programs.

1. Shuttle Service: In an effort to provide mobility
to visitors and decrease the usage of automobiles
within the park, in 1999 Acadia initiated a free

Y Ri
shuttle service, the Island Explorer. The Island ear iders
. . . 1999 142,000
Explorer provides service between campsites,
beaches, Fhe main town, and hlkl‘l’lg trall‘heads. 2000 193.057
Annual ridership surveys report increasing
ridership and overall customer satisfaction. 2001 239,971

Currently, the shuttle is a seasonal service
provided by a private concessionaire and is used

Island Explorer Ridership

by commuters, residents, and visitors.

2. Online Trip Planner: Visitors planning a trip to Acadia National can access
various alternative transportation options and information online. The online
trip planner provides future visitors information regarding access to and
within Acadia National Park, including the “8 Car-Free Ways to Get to
Acadia” brochure, and a link to the free Island Explorer Shuttle service.

3. Car-Free Day: Every fourth Sunday in April Acadia sponsors a “car-free
day.”

Effectiveness

Annual surveying of shuttle riders provides information on the shuttle experience
and ridership. These surveys report overall rider satisfaction and increasing usage,
yet they do not include information regarding modal shift resulting from the
shuttle service. As mentioned earlier, the National Park Service is currently
gathering and analyzing ATS effectiveness data and traveler/visitor data.

Main Sources:

Information gathered primarily from Internet research including access to the
following documents:
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Acadia National Park Trip Planner. http://www.nps.gov/acad/planner.htm

Volpe Center- National Park Projects. http://www.volpe.dot.gov/index.html

3. Information provided by contact at Volpe Center regarding overall National

Park System TDM and Transit effectiveness study efforts.

c. Grand Canyon National Park

Visitors to the Grand Canyon often experience a long wait at each of the park
entrance stations. Each year, 5 million visitors make their way to Grand Canyon,
resulting in overcrowding and traffic congestion particularly during spring,
summer, and fall. The Grand Canyon’s General Management Plan outlines the
following strategies to combat congestion.

Strategies

1.

Proposed Rail: The 1995 General Management Plan initially called for the
development of a rail system within the park to meet visitor demand. Upon
further research into visitor projections, the rail alternative was replaced by
enhanced transit options.

Shuttle System: A free shuttle at the Canyon’s South Rim transports visitors
to various popular viewpoints along the South Rim. The Grand Canyon plans
on enhancing the shuttle, which currently runs at 15-minute frequencies from
7:30 AM to sunset, and less frequently 1 hour before and after sunrise/sunset.
The shuttle will eventually operate year-round, feature an evening taxi service,
and be able to respond more flexibly to visitor needs.

Parking Management: Most day visitors to the Grand Canyon will soon
need to leave their cars outside the park and ride the enhanced shuttle system
within the park. In addition, the General Management Plan includes plans to
better integrate internal park shuttle service and parking.

Private Shuttles: Greyhound provides private bus service from Flagstaff and
Williams to the canyon.

Online Travel Information: Visitors anticipating a trip to the Grand Canyon
can use the online trip planner. This trip planner clearly warns day-use visitors
of congestion and parking problems within the park and encourages visitors to
plan on long delays, use the shuttle, or plan their trip during less congested
times.

Effectiveness

As mentioned earlier, the National Park Service is currently gathering and
analyzing ATS effectiveness data and traveler/visitor data. Initial reports point to
improved air quality within the Canyon since the inception of the policy.
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Main Sources:

Information gathered primarily from Internet research including access to the
following documents:

1. Grand Canyon National Park Trip Planner.

2. Volpe Center- National Park Projects. http://www.volpe.dot.gov/index.html

3. Grand Canyon National Park General Management Plan.
www.nps.gov/grca/gmp/index.htm

4. Information provided by contact at Volpe Center regarding overall National
Park System TDM and Transit effectiveness study efforts.

d. Zion National Park

Strategy

In spring 2000, Zion National Park, located in Utah, initiated an aggressive
alternative transportation plan within the scenic and popular 6.5-mile Zion
Canyon. From April through October, the Zion Canyon Scenic Drive is accessible
only by shuttle bus or tram. Visitors intent on viewing the canyon must park their
vehicles at the visitor center or outside the park in the nearby town of Springdale.
The shuttle system connects with the nearby town of Springdale in a manner that
discourages congestion in the town. Bike racks are available on the shuttle, which
is free and operates at a 6-minute frequency.

Effectiveness

As mentioned earlier, the National Park Service is currently gathering and
analyzing ATS effectiveness data and traveler/visitor data. Initial reports point to
improved air quality within the park since the inception of the policy.

Main Sources:

Information gathered primarily from Internet research including access to the
following documents:

1. Zion National Park Trip Planner. http:/www.nps.gov/zion/trans.htm

2. Volpe Center- National Park Projects. http://www.volpe.dot.gov/index.html

3. Information provided by contact at Volpe Center regarding overall National
Park System TDM and Transit effectiveness study efforts.

e. Yosemite National Park

Strategy

Similar to Zion National Park, Yosemite National Park has instituted aggressive
alternative transportation policies. Parking for day-use and overnight visitors is
available but limited. Once the parking lots are full, visitors must park outside the
park and board free shuttles. A fee-for-service hiker bus is also available
providing service to multiple trailheads throughout the park.
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Effectiveness

The National Park Service is currently working to establish a traffic information

system to improve its ability to understand visitor travel patterns and modal shift
opportunities. Nevertheless, areas that institute policies such as the Yosemite and
Zion policies often experience improved air quality immediately.

Main Sources:

Information gathered primarily from Internet research including access to the

following documents:

1. The Yosemite Valley Plan SEIS, Volume II, Appendix G.
www.nps.gov/yose/planning/yvp/seis/vo_Il/appendix g.html

2. Yosemite National Park trip planner. http://www.nps.gov/yose/trip/

6. Washington State I-405 Corridor

Located in Washington State, Interstate 405 is a 30.3-mile bypass to the east of
Seattle known throughout the region for its congestion. Due to population and job
growth in the cities of Bellevue, Renton, Redmond, and Kirkland, drivers “suffer
12 hours in gridlock a day in the Renton area.”” Traffic and congestion primarily
result from commute, freight movement, and travel to and from Seattle for special
events. The Washington State Department of Transportation (WSDOT) gathered
the jurisdictions and decision makers affected by the I-405 congestion to create a
corridor improvement plan. Transportation demand management advocates in the
area worked diligently to educate the various jurisdictions on the merits of TDM.
After much research, analysis, and partnership building, the I-405 Final EIS
included TDM as a sole alternative and as an integral part of each of the other
three alternatives.

The Final EIS presents the preferred alternative, which includes the following
solutions:

« Implement an enhanced transportation demand management (TDM) program.
« Expand capacity of the existing bus transit system.

« Implement new rapid bus transit.

« Implement new HCT within the corridor.

« Expand the capacity of the existing corridor.

« Expand capacity and improve the continuity of the adjacent arterial network.

* http://www.wsdot.wa.gov/projects/I-405/
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TDM Strategies

1. Vanpooling: Maximize vanpooling in the corridor by increasing the vanpool
program 100 percent and initiating the use of new “value-added” incentives
(for example, frequent flyer miles for vanpoolers).

2. Public Information, Education and Promotions Program: Establish an
ongoing public education and awareness program specific to the corridor
(focus on issues and transportation alternatives). Provide personalized trip
planning assistance.

3. Employer-Based Programs: Increase work choices such as telecommuting.
Provide incentives to employers to offer work choices (for example, tax
credits). Develop parking cash-out program incentives.

4. Land Use TDM: Support compact, mixed-use, non-motorized, and transit-
friendly (re) development, such as transit oriented-development (TOD), in
target areas (urban centers, suburban clusters, key arterials, transit station
areas, transit centers, park-and-ride lots). Develop new parking management
programs.

5. Other Miscellaneous TDM Programs: Including innovative transit and
vanpool fare media, incentives, demonstrations, matching funds, etc. Non-
commute trips TDM programs (research and demonstrations).

6. Expanded TDM Package: Include consideration of the range of regional
pricing strategies including:

a. Region-wide congestion pricing (RCP);

=

Fuel taxes (revenue = RCP);

c. Fuel taxes (revenue = 50% RCP);
d. Mileage charge (revenue = RCP);
e. Parking charges;

f. High occupancy toll lanes

The expanded TDM package is considered an add-on piece to the other TDM
strategies listed and requires further analysis and public and political support.
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Effectiveness and Cost

The table below reflects the estimated reduction in travel demand at various times
of the day. The second table demonstrates the estimated cost for each TDM

element.

I-405 TDM Program Effectiveness

Estimated Reduction in
Daily Travel Demand®

Estimated Reduction in
AM Peak Period Travel

Estimated Reduction in
PM Peak Period Travel

TDM Element Demand* Demand
Vanpooling .9% 2.7% 1.6%
Public Information .25-.75% 1.0-2.0% 7%
Employer-Based .5-1.0% 2.0-3.5% 1.5-2.5%
Land Use as TDM 1.0-2.5% 3.5-5.0% 2.0-3.5%
Miscellaneous Programs .5-1.0% 1.25-2.5% .75-1.25%
Total Estimated Travel 3-6% 10-15% 7-10%
Demand
Pricing 15% 10-15% 7-10%

Total Estimated Travel 18-21% Not Estimated Not Estimated

Demand Reduction

(Note: May include
some double-counting
of benefits)

Table 3.12-12 from the 1-405 Corridor Program Final EIS

Interstate 405 Funding (20 year; 2000 dollars)

TDM Package Elements

Percentage of Funding

20 Year Funding (2000 $$%$)

Core Program* 4% $19,650,000
Vanpooling 27% $121,680,000
Public Information and Education 8% $33,750,000
Employer-Based Strategies 30% $135,800,000
Land Use 21% $95,500,000
Other TDM Programs 10% $45,620,000
TOTAL 100% $452,000,000

Nevertheless, despite the inclusion of a TDM package in each of the four
alternatives and the Preferred Alternative, the Final EIS clearly states TDM
quantification as a concern:

“The I-405 Corridor Program studied inclusion of a TDM program within the
[-405 corridor. The empirical estimates of the TDM program’s effectiveness
were included in the documentation of impacts on travel demand within the
study area. These effects could not be fully integrated into all of the
transportation results due to limitations in the travel forecasting procedures.
The Puget Sound Regional Council (the area’s MPO) is conducting additional
research to include more TDM effects into future versions of the model.
Research to date suggests that the expanded program contained in the
Preferred Alternative represents one of the most extensive corridor-based

? Results measured in terms of percent reduction in vehicle miles traveled (VMT)
* Pricing is included in Alternative 1 only. Regional congestion pricing effects have been studies as part of the
PSRC’s 2001 Update Metropolitan Transportation Plan (PSRC, 2000)
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demand management and trip reduction programs anywhere in the United
States.”

A series of Phase I priority improvements for the $1.77 billion in state
transportation funds to be allocated for I-405 if voters approve Referendum 51
have been identified. The Phase I plan is based on a "worse first" approach that
includes a rebuilt and reconfigured Interstate 405/SR-167 connection and adding
new lanes through the Renton area, fixing the urban congestion hot spots along
the corridor.

Main Sources:

Information gathered from Internet research, conversations with [-405 staff

including access to the following documents:

1. I-405 Corridor Program Final EIS. http://www.wsdot.wa.gov/projects/I-
405/feis/

2. Phone conversation with John Shadoff of Washington Department of
Transportation (TDM coordinator for the 1-405 FEIS).

3. 1-405 Project website. http://www.wsdot.wa.gov/projects/I-405/default.htm

7. I-93 Salem to Manchester, New Hampshire

In an effort to improve transportation efficiency and reduce safety problems along
a 19.8-mile section of Interstate 93, the New Hampshire Department of
Transportation (NHDOT) recently completed a draft environmental impact
statement (DEIS). The DEIS presented six alternatives, which included separate
TSM, TDM, and alternative modes of transportation alternatives.

Transpirations System Management Alternative: The TSM alternative
included three major strategies designed as short-term, moderate cost solutions to
[-93 congestion.

1. ITS: Including variable Incorporated into overall improvements of
message boards, highway corridor. Planning efforts to ensure I-93 ITS
advisory radio, website complements current regional and statewide
information, and emergency efforts.

reference markers.

2. Shoulder Lane Usage: Use Requires widening a 3.9-mile corridor to

of shoulder during peak provide minimum 12-ft. shoulder. Requires

periods. widening four bridges. Due to high
construction costs, this strategy was not
pursued.

> Summary pp.14.
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3. Ramp Metering

1. ITS: Including variable
message signs, highway
advisory radio, website
information, and emergency
reference markers.

2. Employer Based
Measures: Recognize the
greatest success of TDM is
through employers .

3. Congestion Pricing

1. Park and Rides: Build new
park and rides to accommodate
growth in transit usage.

2. Bus Expansion: Expand
current bus service. Connect
service directly with new park
and rides.

3. Bus Enhancement: Provide
new access between New
Hampshire employment centers
on I-93 and those in Northern
Massachusetts.

4. Congestion Pricing

Due to the limited number of alternative
routes and the limited impact of ramp
metering, this alternative was not pursued.

Transportation Demand Management Alternative: The TDM alternative
included three major strategies to combat [-93 congestion.

Incorporated into overall improvements of
corridor. Planning efforts to ensure I-93 ITS
complements current regional and statewide
efforts.

Most work-related travel is to workplaces in
Massachusetts; therefore, these measures
need to be implemented largely in
Massachusetts by employers, government
jurisdictions, and/or TMAs.

Because peak-period congestion lasts
3 hours and because of the need for public
support, this alternative was not pursued.

Alternative Modes of Transportation Alternative: The provision of alternative
transportation modes was also considered.

Three new park-n-ride lots are included in
the locally preferred alternative.

Included in the preferred alternative,
particularly as a means to provide
commuters with options during
construction.

Included in the preferred alternative,
particularly as a means to provide
commuters with options during
construction.

Because peak-period congestion lasts
3 hours and because of the need for public
support, this alternative was not pursued.
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5. HOV Lanes: Shift lanes to A New Hampshire only HOV lane does not
HOV. produce sufficient ridership on buses or in
carpools to warrant further testing.
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Transit Alternatives

IDENTIFICATION OF OPTIONS

Attributes of existing technologies were culled from various sources within the Transportation
Research Board (TRB) of the National Academy of Sciences, Jane’s World Railways, Jane’s Urban
Transport Systems, the American Public Transportation Association (APTA), the Association of
American Railroads (AAR), the Federal Transit Administration (FTA), and the Federal Railroad
Administration (FRA) of the United States Department of Transportation. Attributes of advanced
guideway systems were provided by the technology proponents and in most cases have not been
tested or verified under real-world operating conditions.

Technologies were divided into two families of transit with a number of groups within each family
as well as various options within each group. These families and groups are:

¢ Rubber Tire Transit (RTT) Family

Buses in Mixed Traffic

Buses in High-Occupancy Vehicle (HOV) Lanes
Buses in Transitways

Buses in Fixed Guideway

el

¢ Fixed Guide Transit (FGT) Family

Automated Guideway Transit
Rail Transit

Passenger Railroads
Advanced Guideway Systems

PN

Characteristics of each type technology are described along with various implementation options,
photographs, and key points applicable to the I-70 Mountain Corridor. This paper attempts to
initially screen these options.

The difficult mountain terrain traversed by the I-70 Mountain Corridor limits the performance of
many transit technologies. Vehicles must operate up and down 6% grades, follow tight highway
curvature, operate unobtrusively in a spectacular mountain setting, fit within a narrow highway right-
of-way, and not significantly degrade the environment while also providing a serious alternative to
highway expansion. The I-70 route is long and mostly rural or wilderness in character, which limits
typical urban solutions.

A total of eight general technologies were found to meet the broad requirements for operation in the
corridor. Many of them have at least some potential to truly provide a cost effective, environmentally
friendly transit alternative.
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I-70 Mountain Corridor PEIS
Transit Alternatives

RUBBER TIRE TRANSIT FAMILY

This section reviews various groups of RTT alternatives as well as options within each alternative.
Options to utilize buses in the I-70 Mountain Corridor consist of a number of separate configurations
of infrastructure and rolling stock. In this report the term “bus™ is defined to mean any self-powered
vehicle designed for commercial use and capable of operating on state roads carrying in excess of six
passengers. Fuel may be diesel, gasoline, compressed natural gas (CNG), propane, or other available
alternates. Buses using electric propulsion are “electric trolley buses™” and are commonly referred to
as “ETB.” In addition, buses that use a combination of self-generated fuel and electric propulsion
are “Hybrid Electric Buses” or “HEB.”

In this report, four basic methods in which to operate buses will be explored. They are:

Buses in Mixed Traffic

Buses in High-Occupancy Vehicle (HOV) Lanes
Buses in Transitways

Buses in Guideway

b S

Operation in Mixed Traffic means the bus is commingled with regular traffic on I-70. High
Occupancy Vehicle (HOV) lanes refer to special traffic lanes that are intended for buses, car pools,
and any vehicle carrying a minimum number of passengers set by the HOV operator (usually 2 or 3).
HOV lanes may be either a regular highway lane distinguished with specially painted lines, symbols,
and signage or a segregated roadway with its own access ramps. A transitway is a completely
separate roadway limited to transit vehicles only. It may contain special bus guide rails to reduce lane
width requirements and help speed operations.

Each of the scenarios that follow has significantly differing capital costs, operating costs, running
times, and capacity limitations. Examples of each of these systems are currently available and in
operation somewhere in the world.

Bus in Mixed Traffic

This alternative would use buses operating within the general traffic lanes of I-70 to provide
additional highway traffic capacity. The additional highway capacity is obtained by using the buses
as a replacement for numerous automobiles, thus freeing up lane space. See figure 1.

Buses could operate from pick-up/drop-off points in Denver or from specially built Park & Ride lots
near the entrances to I-70. The capacity of this alternative is essentially tied to the capacity of the I-
70 highway lanes. The buses would have no lane priority therefore speeds would be limited by traffic
conditions. The buses would also operate slowly on the numerous grades on I-70 as typical available
engine output limits the horsepower available.

The types of bus vehicles that could be used include standard 40-foot coaches, tractor-pulled units,
articulated sets, or double-deckers. Either diesel fueled or alternate fueled power plants can be
utilized. Smaller buses and van operations could also be used as a supplement to the service.
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This is a typical suburban or over-the-road bus-operating scenario with examples available in any
large metropolitan area. Some of the services described above are already being provided on a much
smaller scale within the corridor.

Figure 1: Ilustration of Bus in Mixed Traffic
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Bus in HOV Lanes

There are two basic options for buses in HOV lanes. One is to separate the lane(s) from general
traffic through special lane painting and marking. The second is a lane(s) separated from general
traffic through the use of physical barriers (some times using concrete barriers called “Jersey
Barriers.”

Marked Lanes
This alternative would add a third lane to I-70 in each direction. The lane would be restricted to High
Occupancy Vehicles (HOV) such as buses, vans, and automobiles carrying at least 3 persons. A
simple paint stripe and signage would separate the HOV lane from adjacent traffic. See figure 2.

Bus service would operate similarly to the system described in the mixed bus section except that once
the buses enter I-70 they would move to the inside HOV lane and travel to their destination with
presumably less congestion than in the regular travel lanes. Congestion at interchanges would still
be a factor, as would difficulties maintaining speed on grades. In addition, due to the existing high
passenger occupancy levels per automobile on this corridor, so many vehicles would qualify for the
HOV lanes that any travel advantage might be minimal. Continuous enforcement of the 3-person limit
would be required and add to the operating costs of this alternative.

Body style and propulsion types described in earlier are also applicable to this alternative. ETBs
cannot be used due to the multiple crossover movements required to access the inside HOV lane.
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The eastbound and westbound HOV lanes could be operated as restricted to HOV qualified traffic
at all times or only in the peak direction, with the opposite direction HOV lane opened for general
use.

Figure 2: Nustration of a Marked HOV Lane
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Segregated Lanes

In this option, the HOV lanes would be built as a separate highway facility, either in the median of
I-70 or as a parallel roadway. A median barrier would completely separate this facility from the
general highway lanes. Bus body style and propulsion types described in earlier for mixed traffic
buses are applicable to this alternative. ETBs and HEBs could be used due to the separate
interchanges, but high speed running in mixed traffic has not been tested for this option. The
appearance of the overhead wires could be a problem. See figures 3 and 4 for illustrations of
segregated lanes and an electronic trolley bus.

The segregated lanes require less HOV enforcement effort and are less affected by adjacent lane
traffic problems. Diesel buses would operate slowly on the grades as engine output limits the
horsepower available.

Bus service would operate similarly to the system described in the mixed bus section except that the
buses would enter and leave the HOV lanes at special interchanges. They would travel to their
destination with presumably less congestion than in the regular travel lanes. Congestion at regular
interchanges would not be a factor, but difficulties maintaining speed on grades would still be a
problem. As with the “marked lanes”, due to the existing high passenger occupancy levels per
automobile on this corridor, so many vehicles would qualify for the HOV lanes that any travel
advantage might be minimal. Enforcement of the 3-person limit would still be required (but at a
significantly less level due to the restricted entry points) and will add to the operating costs of this
alternative.
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A single pair of HOV lanes can be set to operate only in the peak direction as dictated by demand.
This option requires considerable daily maintenance to clear and reverse the lanes, but keeps highway
right-of-way use to a minimum. This scenario would require HEBs to return in mixed in traffic,
without the electric power advantage on the grades.

Figure 3: Illustration of Segregated HOV Lane—Peak Direction

Figure 4: Photo of Electric Trolley Bus
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Bus in Transitway

While somewhat similar to HOV lanes, transitways are exclusive to buses. In HOV treatments,
private autos with the requisite number of people can use the facility. In transitways only buses (as
defined earlier) can use the facility. See figure 5.

In this option, a separate roadway dedicated just to buses would be constructed in the median of I-70
or as a parallel roadway. With only professionally operated buses traveling at the same speed, only
one lane with a shoulder is required. Enforcement would be minimal as Automatic Vehicle
Identification (AVI) technology could be used to raise a barrier at the transitway entrances.

Bus service would operate similarly to the system described for mixed traffic except that the buses
would enter and leave the transitway at special interchanges. They would travel to their destination
with virtually no congestion. For diesel buses, difficulties maintaining speed on grades would still be
a problem. Operation of ETBs and HEBs under electric power would be possible and their use would
eliminate any slow operation on grades. The use of the overhead wires could be a problem.

A single direction transitway could be set to operate in the peak direction as dictated by demand.
This option keeps highway right-of-way use to a minimum. This scenario would require HEBs to
return in mixed in traffic, without the electric power advantage on the grades. ETBs could not be
used for the return in mixed traffic.

A separate transitway can also be operated like a rail rapid transit system, using stations along the
transitway for passenger boarding instead of leaving the transitway and circulating into the
community. This scenario is known as Bus Rapid Transit (BRT) and will be an option to be reviewed
under the screening.

Bus in Guided Transitway

In this option, a separate roadway dedicated just to special buses with guideway attachments would
be constructed in the median of I-70 or as a parallel roadway. With only professionally operated
buses traveling at the same speed, only one narrow guideway lane is required for each direction. No
enforcement costs would be required, as conventional vehicles could not use the guideway. See
figures 6 and 7.

Bus service would operate similarly to the system described for mixed traffic except that the buses
would enter and leave the guided transitway at special interchanges. They would travel to their
destination with virtually no congestion. For diesel buses, difficulties maintaining speed on grades
would still be a problem. Operation of ETBs and HEBs under electric power would be possible and
their use would eliminate any slow operation on grades. Due to the presence of the guideway, 3™ rail
power pickup for ETBs and HEBs could be used in place of overhead wires.

A single direction guided transitway could be set to operate in the peak direction as dictated by
demand. This option keeps highway right-of-way use to a minimum.
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A guided transitway can also be operated like a rail rapid transit system, using stations along the
f transitway for passenger boarding instead of having buses leave the transitway and circulating into
j the community. This scenario is known as Bus Rapid Transit (BRT) and will be an option to be
reviewed under the screening phase.

Figure 5: Nlustration of a Transitway
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Figure 6: Ilustration of Bus Guideway
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FIXED GUIDEWAY TRANSIT FAMILY
This section reviews various options for fixed guideway transit (FGT). These options include:

Automated Guideway Transit
Rail Transit

Passenger Rail Transit
Advanced Guideway Systems

Automated Guideway Transit (AGT)

These systems have the common characteristic that they provide service without a human operator.

Their guideway therefore must be completely protected to ensure that the automated vehicles cannot
contact people, automobiles, or other obstacles in the guideway. For this reason they generally
operate only short distances and stay within the definition of an “urban” system. The Federal
Railroad Administration (FRA) does not regulate them. They can be operated using conventional rail
transit steel wheel vehicles, rubber tires with a guide mechanism, or on a monorail. They are usually
differentiated five ways: (1) Where they operate, (2) Whether they can operate outside, (3) Whether
they operate with more than one independent vehicle per guideway, (4) Whether they can operate
multiple routes, and (5) The propulsion mode of the vehicle.

Automated Guideway Transit systems in airports are often referred to as APM (Airport People
Mover) Systems. Automated Guideway Transit systems used for downtown circulation are often
referred to as DPM (Downtown People Mover) systems. DPM systems are currently operating in
Detroit, MI and Jacksonville, FL. Automated Guideway Transit used in universities (Morgantown),
hospital campuses (Duke), amusement parks, and other institutions are usually referred to as either
a people mover or by the technology used (i.e., the monorail, the tram, and the shuttle). Automated
Guideway Transit systems used for general circulation in an urban area are called ICTS for
Intermediate Capacity Transit System. Only one example of this technology exists as an automated
operation not exclusively in a downtown area and that is in Vancouver, British Columbia.

Many Automated Guideway Transit systems are operated totally indoors through corridors in
buildings. These systems, often found in airports, have far less difficulty providing a safe operating
guideway than those operating outside do. In two cases the vehicles used in these indoor systems
don’t even have ceilings, with lighting provided on the roof of the tunnel. They are located in
Houston Intercontinental Airport and the basement of the United States Capitol.

The complexity of Automated Guideway Transit increases substantially when more than one vehicle
can operate on the same guideway. Simple cable hauled systems handling only one vehicle per
guideway can be operated using common elevator technology. When more than one vehicle is on the
guideway, a sophisticated signal system is necessary to provide safe separation between the vehicles
and to control braking and acceleration. Obviously, systems that can operate multiple vehicles on a
single guideway are more efficient and have a much greater capacity.

Some Automated Guideway Transit systems have the ability to operate on multiple routes on either
a preprogrammed schedule or on a demand basis determined by the rider. Preprogrammed systems
are referred to as GRT (Group Rapid Transit). Rider demand systems as referred to as PRT (Personal
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Rapid Transit). Only one true PRT system is in operation at this time. It is an experimental system
built in 1974 in Morgantown, West Virginia. It provides service to a large university campus and
connects it to downtown Morgantown. Riders select their destination like floors on an elevator.
Each small car carries the rider and accompanying parties directly to the station desired, bypassing
any other station along the way.

Automated Guideway Transit can be powered by electric traction, cable hauled, or utilize linear
induction motors. Sometimes Automated Guideway Systems are characterized by their vehicle
capacity. Small systems can be referred to (inaccurately) as PRT systems, larger vehicles as GRT
systems, and full size subway-like vehicles as ICTS.

AGT using Conventional Rail
This type of system is currently in operation in Vancouver, British Columbia. A manned version is
also in operation in suburban Toronto, Ontario. The linear induction motors in use allow quick
acceleration, but can be noisy. See figure 8.

Figure 8: Automated Guideway Transit—Conventional Rail
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AGT using Monorail
This type of system is currently in operation at Downtown Jacksonville, FL. and the Newark, NJ

Airport. See figure 9.
Figure 9: Automated Guideway Transit — Monorail
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Rail Transit

Options to utilize rail transit in the I-70 Mountain Corridor consist of either light rail or heavy rail
transit systems. Each type of system can be constructed as a double-track line or as a single-track
line with passing sidings. Either electric or diesel propulsion systems are available. The tracks can
be located in the median of I-70 or on a parallel alignment, diverging only for heavy grades and to
serve off line stations. In this report the term “Rail Transit” is defined to mean any conventional rail
vehicle designed to operate on tracks not connected to the national railroad network. These systems,
when operated in an “urban” area, are exempt from Federal Railroad Administration (FRA)
regulation.

Rail Transit vehicles may self-generate their own power or utilize electric propulsion. The term
“DMU” refers to light rail Diesel Multiple Unit vehicles that can be operated on non-electrified lines
that are not regulated by the FRA. Generally, Light Rail Transit (LRT) and Heavy Rail Transit
(HRT) systems utilize electric propulsion. LRT vehicles can, if necessary, operate on tracks in city
streets with motor vehicle traffic. Light rail trains could also operate in mixed traffic through the
Eisenhower Tunnel to avoid separate transit tunnel costs.
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High capacity HRT systems must operate only on exclusive rights-of-way due to their large vehicle
size, long train lengths, their inability to brake and accelerate within motor vehicle tolerances, and
(often) the presence of a ground mounted electric third (power) rail. They do have many more
options for power pick-up and automation than LRT systems but represent one of the highest costs
per mile to construct.

Although examples of long distance rail transit systems can be found in Europe, none are compliant
with FRA vehicle safety requirements. The use of this type of equipment in the I-70 Mountain
Corridor would depend on whether the FRA considers the system “urban” or if a safety waiver could
be obtained.

Light Rail Transit

This type of rail transit system is designed for medium capacity urban and suburban transportation.
It differs from Heavy Rail Transit by its ability to operate in mixed street traffic if desired. These
vehicles meet all highway operating standards for braking, acceleration, directional turn signals, and
sight distances from the operators position. Usually, though, these systems are operated on either
a reserved roadway median or an exclusive right-of-way. Their flexibility to operate in many
environments and lower initial costs than Heavy Rail Transit has made them the fastest growing rail
transit mode in the nation, with over ten new systems being opened in the last twenty years. See
figure 10.

Although typically operated using a 600V-700V DC overhead wire, diesel propulsion and 3 rail
versions are also available. Vehicles can utilize low level or high level boarding platforms and are
ADA accessible. Newer low-floor versions are also available to speed street level boarding. Vehicles
are available from many suppliers.

Light Rail Transit cars are usually 75 — 90 feet long and often operate in train lengths of one to five
cars. Train length is typically limited by the street block size when operating in mixed traffic, to avoid
blocking intersections. The vehicle width is smaller than Passenger Railroad systems (typically 8.5
feet) to be able to operate on roadways.
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Figure 10: Light Rail

Heavy Rail Transit

This type of rail transit system is designed for high capacity urban and suburban transportation. It
differs from Light Rail Transit by its requirement for an exclusive right-of-way. These trains are too
big and long to operate on highways and the operator cannot see nor brake sufficiently to deal with
typical highway maneuvers. Heavy Rail Transit vehicles are capable of high acceleration and are one
of the few modes in this report with sufficient power to operate over the I-70 grades at full speed.

The PATCO system in Philadelphia currently operates over a 6% gradient on either side of the Ben
Franklin Bridge. The BART system in San Francisco uses high performance motors that will out-
accelerate an automobile with a ten-car train. See figure 11.

Although typically operated using a 600V-700V DC 3™ rail, diesel propulsion and overhead catenary
versions are also available. Vehicles utilize high level boarding platforms and are ADA accessible.
Stations are required for boarding and alighting. Vehicles are available from many suppliers.

Heavy Rail Transit cars are usually 70 - 90 feet long and often operate in train lengths of two to
twelve cars. The vehicle width is sometimes smaller than Passenger Railroad systems but cars can be
built to their standards if desired.
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Figure 11: Heavy Rail

Passenger Railroads

Options to utilize Passenger Railroads in the I-70 Mountain Corridor consist of two separate
configurations. In this report the term “Passenger Railroads” is defined to mean any conventional rail
vehicle operating on track connected to the national railroad network. These systems are regulated
by the Federal Railroad Administration (FRA).

Passenger Rail trains operate throughout the United States. All of these systems share many
similarities since they must comply with various construction standards and operating regulations
promulgated by the FRA. When operated between a major city and its suburbs the service is referred
to as “Commuter Rail.” When operated between major cities the service is referred to “Intercity
Rail.” Amtrak operates virtually all-intercity trains in the United States.

Intercity trains are further subdivided into Short Haul and Long Haul service. Short Haul trains are
almost always day trains operating between cities less than 500 miles apart. Long Haul trains operate
overnight and many travel across the entire country. Equipment configuration differs between
Commuter Rail, Short Haul Intercity trains, and Long Haul Intercity trains. Commuter Rail trains
have fairly constricted seating designed for short trips. Short Haul Intercity trains are more generous
with seating space and usually provide food service. Long Haul Intercity trains provide seating with
leg rests and deep reclines for overnight trips as well as full dining car service, lounge cars, and
sleeping room cars.
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A variant of Short Haul Intercity train service is High Speed Rail. These trains operate at very high
speeds (over 125 mph) for premium fares. Only one system currently exists in the United States. It
is currently in service in between Washington, New York, and (soon) Boston. Dozens of other states
as also planning High-Speed Rail systems, with California and the Midwest (centered on Chicago)
in the most advanced state. High Speed Rail systems require a straight, flat trackbed to achieve their
speed goals and attendant ride quality.

Diesel locomotives or electric locomotives may haul passenger Rail trains. The trains may also be
made up of multiple unit cars, each with their own diesel or electric traction motor(s). Electric power
can be delivered through overhead catenary wires or a third (power) rail. Conventional railroad trains
are limited to a maximum gradient of about 6%, although they are usually designed to operate with
only a maximum of a 2% grade on most mainlines, with some exceptions. These systems are very
flexible, as they are able to operate on both new alignments as well as existing trackage shared with
freight trains.

Locomotive Hauled Trains
This option would provide rail service using existing trackage from Denver Union Terminal to Golden
and then over a new alignment to the I-70 Corridor. The new tracks would run parallel to 1-70 to
Dotsero and then rejoin existing trackage that leads to Glenwood Springs and Grand Junction. The
grades on this line would require use of a number of diesel locomotives to power each train in order
to be able to traverse the grades in a reasonable period of time.

Electric locomotives could also be utilized to mitigate the grade problem and help maintain air quality
standards. Overhead catenary would be necessary but could be designed to minimize visual impacts.
3™ rail systems could also be utilized but would require a completely separate, fenced right-of-way
to avoid any dangers to trespassers and wildlife (although under running type 3™ rail is far less
accessible than the exposed overrunning type. Due to the distance, 25,000V AC overhead wire
systems are the most efficient. 600-700V DC 3™ rail systems could also be used with frequent
substations necessary along with a continuous high voltage feeder system.

Passenger Rail trains can utilize either low level or high level boarding platforms and are ADA
accessible. Stations are required for boarding and alighting. Locomotives and cars are available from
many suppliers.

Passenger Rail train cars are 85 feet long, 10.5 feet wide and can be operated in trains as long as 20
cars. Cars can either be single deck (13.5 feet high) or double deck (16.2 feet high).

Multiple Unit Trains
This option would provide rail service using existing trackage from Denver Union Terminal to Golden
and then over a new alignment to the I-70 Corridor. The new tracks would run parallel to I-70 to
Dotsero and then rejoin existing trackage that leads to Glenwood Springs and Grand Junction.

Diesel powered and electric powered multiple unit trains could be used to provide service along this
line. Multiple unit trains have a power advantage in that every car has its own driving motors. See
figure 12. Overhead catenary would be necessary but could be designed to minimize visual impacts.
3" rail systems could also be utilized but would require a completely separate, fenced right-of-way
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to avoid any dangers to trespassers and wildlife (although under running type 3™ rail is far less
accessible than the exposed overrunning type). Due to the distance, 25,000V AC overhead wire
systems are the most efficient. 600-700V DC 3™ rail systems could also be used with frequent
substations necessary along with a continuous high voltage feeder system.

Passenger Rail multiple unit trains can utilize either low level or high level boarding platforms and are
ADA accessible. Stations are required for boarding and alighting. Multiple unit cars are available
from many suppliers.

Passenger Rail multiple unit train cars are 85 feet long, 10.5 feet wide and can be operated in trains
as long as 20 cars. Cars can either be single deck (13.5 feet high) or double deck (16.2 feet high).

Figure 12: Multiple Unit Train

Advanced Guideway Systems

For the over hundred years there have been only two realistic modes in use for ground transportation:
railway (urban and passenger) and highway. In the last twenty years research has been closing in on
two types of magnetic levitation (maglev) systems that can be used for a new generation of high
speed ground transportation. In addition, an older mode primarily used for transit applications, the
monorail, has been proposed in various forms for higher speed intercity service.

The major advantage of both the maglev and monorail technologies is speed. Running times could
be significantly shortened, but the infrastructure necessary to accomplish this time saving may mean
significant new right-of-way acquisition. These Advanced Guideway Systems need right-of-way that
is basically straight. Curve limitations will challenge the use of the I-70 Mountain Corridor for most
high speed conventional rail, monorail, or maglev systems.
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Monorail Systems
The monorail concept utilizes a single elevated beam to carry a train over any ground-based
obstructions. Vehicles can ride above the beam, hang from the beam, or run astride of the beam. The
concept has been in operation since the 1950s in amusement parks, downtown circulators, and airport
AGT systems. In Japan, some monorail systems are used between downtown areas and airports. See
figure 13.

Monorails are operated essentially as Heavy Rail Transit since they are grade separated and cannot
run in mixed traffic. They have most of the attributes and limitations of Heavy Rail Transit, but have
not been proven in a corridor as long or as remote as the I-70 Mountain Corridor.

A monorail system would need a circulation system at each end of the trip to provide reasonable
access. Propulsion for the trains is electric using either conventional electric traction motors or a
proposed linear induction motor system. Vehicles can be operated using rubber tires or steel wheels.

Magnetic Levitation Systems
Maglev systems have been under development since the 1960s. Two types are being actively tested.
A German attraction based design where the magnets on the track are attracted to electromagnets
on the car, which are used to levitate the car for high speed running. Also a Japanese repulsion based
design where the magnets on the track push the car away to levitate it in a trough for high speed
running.

The German design, which was being planned for a new line from Berlin to Hamburg, was recently
defunded. The Japanese design is still undergoing full scale testing in a section of the planned track
built outside of Tokyo.
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Figure 13: Monorail
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INTRODUCTION

The Level 2 Screening process is part of the effort of the Programmatic Environmental
Impact Statement (PEIS) effort to select a Locally Preferred Alternative for increasing
capacity in the |-70 Corridor between the Denver Metro area (generally starting in the
vicinity of the intersection of I-70 and 1-470) and Vail. The Level 2 process started with
the alternatives recommended for further analysis in the Draft Final Report on Transit
Alternatives (May, 2000), the Level 1 Screening process. This section will act as a
roadmap to find information in the attached report.

PURPOSE AND SCOPE

The purpose of the Level 2 Screening process was to develop the data required to
make an informed decision on refining/reducing the number of transit alternatives
carried forward for detailed analysis for selection as the Locally Preferred Alternative in
the PEIS. There are two general categories of alternatives that were analyzed:

Fixed Guideway Transit (FGT)

This family integrated the subcategories of Automated Guideway Transit, Rail Transit,
Passenger Railroads and Advanced Guideway Systems identified in the Draft Final
Report on Transit Alternatives (May, 2000). Both single track (with passing sidings) and
double track alternatives were considered for all the conventional technology systems
operating in the corridor. Because of the very real differences in the ability of modes to
operate on different grades, along with the widely varying capital costs, the FGT
systems were evaluated on alignments with various maximum grades. A conventional
monorail, powered by electric traction motors, was tested on three different alignments
as well as the Colorado Intermountain Fixed Guideway Authority (CIFGA) monorail
concept (based on linear induction motor power) using anticipated performance data
provided by CIFGA. Two alternatives for operation of diesel locomotive-hauled
passenger railroad service on the Union Pacific route via the Moffat Tunnel were also
evaluated.

The FGT alternatives that were analyzed (with the maximum grades of the alignments
that were tested) are listed below:

1a Diesel Light Rail Transit, single track-4%
1b Diesel Light Rail Transit, single track-6%
1c Diesel Light Rail Transit, single track-Hwy
2a Diesel Light Rail Transit, double track-4%
2b Diesel Light Rail Transit, double track-6%
2c Diesel Light Rail Transit, double track-Hwy
3a Electric Light Rail Transit, single track-4%
3b Electric Light Rail Transit, single track-6%
3c Electric Light Rail Transit, single track-Hwy
4a Electric Light Rail Transit, double track-4%
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4b Electric Light Rail Transit, double track-6%

4c Electric Light Rail Transit, double track-Hwy

5a Diesel Heavy Rail Transit, single track-4%

5b Diesel Heavy Rail Transit, single track-6%

6a Diesel Heavy Rail Transit, double track-4%

6b Diesel Heavy Rail Transit, double track-6%

7a Electric Heavy Rail Transit, single track-4%

7b Electric Heavy Rail Transit, single track-6%

8a Electric Heavy Rail Transit, double track-4%

&b Electric Heavy Rail Transit, double track-6%

9a Diesel Locomotive hauled Passenger RR, single track-4%

9b Diesel Locomotive hauled Passenger RR, single track-6%

10a  Diesel Locomotive hauled Passenger RR, double track-4%

10b  Diesel Locomotive hauled Passenger RR, double track-6%

11a  Electric Locomotive hauled Passenger RR, single track-4%

11b  Electric Locomotive hauled Passenger RR, single track-6%

12a  Electric Locomotive hauled Passenger RR, double track-4%

12b  Electric Locomotive hauled Passenger RR, double track-6%

13a  Electric Multiple Unit Passenger RR, single track-4%

13b  Electric Multiple Unit Passenger RR, single track-6%

14a  Electric Multiple Unit Passenger RR, double track-4%

14b  Electric Multiple Unit Passenger RR, double track-6%

15a  Electric Conventional Monorail Advanced Guideway System, double guideway-4%
15b  Electric Conventional Monorail Advanced Guideway System, double guideway-6%
15¢c  Electric Conventional Monorail Advanced Guideway System, double guideway-Hwy
16 CIFGA Monorail (Highway only)

17 Moffat Tunnel to Winter Pk. Diesel Locomotive hauled Passenger RR

18 Moffat Tunnel to Glenwood Diesel Locomotive hauled Passenger RR

Rubber-Tired Transit (RTT)

This family includes Diesel Bus (DB), Electric Bus (EB) which draw electric power from
external sources through overhead catenary wire or guideway-mounted power rails, and
Dual Mode Bus (DM) (previously termed Hybrid Electric Bus-HEB) capable of self-
propulsion using an on-board diesel engine or operating with electric power like an EB.
DB and DM buses were evaluated with operation on transitways and guideways in both
the peak direction only (with return via mixed traffic in the regular highway lanes), as
well as with versions operating in both directions. This option is not appropriate for EB
because it is not feasible to operate from electric power wires over general use
expressway lanes. In addition, a version for each technology was tested with Bus
Rapid Transit (BRT) stations along the alignment, allowing buses to serve, at least,
some points without leaving the line.

The RTT alternatives that were analyzed are listed below:

1 Bus and Improved Van in mixed traffic
2  Diesel Bus in marked HOV lane, peak

“
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Diesel Bus in marked HOV lane, both

Diesel Bus in separated HOV Lanes, peak

Diesel Bus in separate transitway, peak

Diesel Bus in separate transitway, both

Diesel Bus in guided transitway, peak

Diesel Bus in guided transitway, both

Diesel Bus in guided transitway, both, BRT stations
Dual Mode Bus in separate transitway, peak

Dual Mode Bus in separate transitway, both

12 Dual Mode Bus in guided transitway, peak

13  Dual Mode Bus in guided transitway, both

14  Dual Mode Bus in guided transitway, both, BRT stations
15 Electric Bus in separate transitway, both

16  Electric Bus in guided transitway, both

17  Electric Bus in guided transitway, both, BRT stations

oo~ Oh®

The criteria that were utilized in the analysis are described in Appendix A. While FGT
and RTT alternatives were not directly compared, the same criteria and rating scheme
was used. This will facilitate future cross-modal comparisons. Other environmental
criteria were evaluated separately, and are not shown in this document.

The following sections of this report are key descriptive explanations that are important
for understanding the methodology used.

Il.  FGT Operating Plan

Ill. RTT Operating Plan

IV." Train Performance Calculator (used to calculate average speed for FGT
alternatives and Energy Consumption; which are also inputs to cost models)

The rating of each alternative for each of the criteria is contained in the following
Tables:

1. Evaluation Matrix — FGT Alternatives (complete tabulation ratings and discussion
of non-quantitative criteria)

2. Evaluation Matrix — RTT Alternatives (complete tabulation ratings and discussion
of non-quantitative criteria)

3. FGT Analysis Results (contains backup data for quantitative elements: System
Capacity, Capital Costs and Energy Consumption)

4. RTT Analysis Results (contains backup data for quantitative elements; System
Capacity, Capital Costs and Energy Consumption)

e e s e e ey
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More detailed background information, in tabular form, is contained in the following
Appendices:

A. Criteria and assumptions for FGT/RTT Level 2 Screening Process
B. Types of FGT Equipment Tested

C. FGT Electrification Costs

D. Feeder Bus Operations Summary

METHODOLOGY

A five level scheme was utilized for the rating of each alternative for each of the criteria.
The levels used are:

Highest/Best

Best to Intermediate
Intermediate

Worst to Intermediate
Lowest/Worst

RESULTS AND FINDINGS

Summary sheets showing the ratings of all the tested alternatives follow.

P wWhN =

FGT

Use of the Train Performance Calculator (TPC) confirmed that the difficult mountain
terrain traversed by the I-70 Mountain Corridor limits the performance of many transit
technologies. Vehicles were tested on alignments with maximum grades of 4%, 6%
and, in some cases, the |-70 highway alignment (with a maximum grade of about 6.7%).
Specifically, the expectation of the Level 1 Report that locomotive-hauled trains are not
appropriate was borne out. The single-track alternatives were found to have
inadequate capacity to serve as a viable approach to providing enough additional
capacity to significantly relieve congestion on |-70. The diesel Heavy Rail Transit (HRT)
alternatives were found to be unable to meet the minimum average speed
requirements.

The remaining technology alternatives were able to perform adequately on the 6% or
highway alignment. Thus, the 4% alignment alternatives, with their high costs due to
major tunneling requirements, would not be needed.

The alternatives that are recommended to continue into the next phase are:

Diesel Light Rail Transit, double track-Highway
Electric Light Rail Transit, double track-Highway
Electric Heavy Rail Transit, double track-6%

Electric Multiple Unit Passenger RR, double track-6%

—_——— e
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Electric Conventional Monorail Advanced Guideway System, double guideway-Highway
CIFGA Monorail-Highway.

RTT

Improved Bus/Van service in mixed traffic was screened out because its capacity and
speed are too low to have a significant impact on 1-70 congestion. Electric only buses
were screened out because of their inability to provide through service either into the
Denver Metro area or to points off the transitway in the Corridor. Bi-directional
transitway alternatives without BRT stations (requiring buses to leave the transitway to
reach all stations) were screened out because the topography of the I-70 communities
allows the use of on-line stations without community access limitations. Peak direction
only versions of the transitway were screened out because they take up almost as
much right-of-way width as the more flexible bi-directional versions. Because of the
advantage of BRT stations, all bi-directional transitway alternatives that continue will be
assumed to utilize this design feature.

The alternatives that are recommended to continue into the next phase are:

Diesel Bus in separate transitway, both directions, BRT stations
Dual Mode Bus in separate transitway, both directions, BRT stations
Diesel Bus in guided transitway, peak direction

Diesel Bus in guided transitway, both directions, BRT stations

Dual Mode Bus in guided transitway, peak direction

Dual Mode Bus in guided transitway, both directions, BRT stations.

Diesel Buses will be assumed to be 45-foot buses (because of the inability of equipping
an articulated diesel bus with a reasonably powerful enough engine to maintain high
speeds on the long grades with full loads and acceptable noise levels). Dual Mode
buses will be assumed to be 60-foot, articulated buses.

In the next Level of screening the most viable existing technology and promising new
technology will be identified for further evaluation against other highway improvement
options.

_——r - e — e
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Fixed Guideway Transit Alternatives Need Safety Implementation
System System Average Connectivity Feeder/ System Capital Technology Fuel Energy
Capacity |Attractiveness Speed (to existing/ Distribution Safety ~_Costs Available Usage Consumption
(peak hour) Assuming 10 stopsh planned  |Requirements| (relative to (infrastructure (cost/seat mile)
: systems) eachother) and rolling
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Rubber Tire Transit Alternatives Need Safety Implementation
System System Average Connectivity Feeder/ System Capital Technology Fuel Energy
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MEMORANDUM

Date: June 6, 2001

To: Gary Johnson, William Stringfellow, Mark Walbrun, Ted Rieck
From: David Phillips

Subject: CONCEPTUAL FIXED GUIDEWAY TRANSIT OPERATIONS PLAN

This briefly documents the Mountain Corridor FGT conceptual operations plan. The
purpose of the plan is to assist in the second level screening by providing a basis for
grading the various alternatives against the criteria. This memorandum discusses the
elements of the operations plan, key assumptions, as well as provides a summary of the
plan to date. This plan is based on a conceptual level of analysis. Key assumptions are
summarized in Appendix A.

This is a plan for operation of a mainline, trunk FGT system linking DUT and DIA in
Denver with Vail (Town Center/Exit 176). Intermediate stops in the corridor will be at
stations previously identified (Evergreen area, Idaho Springs, Empire, Loveland Pass,
Keystone (for the 4% alignment that does not go through the Eisenhower Tunnels),
Silverthorn, Frisco and Copper Mountain). All trains will operate through from DIA to
Vail, stopping at DUT. Based on the preliminary ridership statistics, there is very little
dropoff in ridership along the route, thus it is not appropriate to have any trains terminate
at short destinations. Capital costs are figured only for the portion west of the connection
with the Gold Line, east of Golden.

Connectivity

It is assumed that the connection to DUT and DIA will be over routes previously
identified as the Locally Preferred Alternative (LPA) in the 1-70 West (Denver to
Golden) and the Denver to DIA Major Investment Studies (MIS). Connection with the
Gold Line will be at a station point on the BNSF Railroad called Mt. Olivet, east of
Golden. It is assumed that Mountain Corridor trains would not carry local passengers
whose entire journey is east of Golden. The actual Golden stop might be located close to
[-70, where a large Park and Ride lot could be constructed (as shown as Option 2 in the
Gold Corridor MIS). It is assumed that the Gold Line and the DUT to DIA segments will
be built so as to be able to accommodate through running of trains of the technology
selected for the Mountain corridor, if rail is selected. This, principally, means that the
decision on whether these lines are built as non-FRA compliant or FRA-compliant rail
routes would be dependent on the Mountain Corridor’s selection. Similarly, if the
Mountain Corridor selects electrically-powered trains, it is assumed that the DUT-DIA
Line (where non-FRA compliant DMUs were selected as the LPA) would be electrified.
It is assumed that both lines would be built as double track routes. It is assumed that
Advanced Guideway Systems (AGS) alternatives would require a transfer to the
presently planned Gold Line LRT. No construction costs east of Golden are included,
although it is apparent that there would be some differences between modal alternatives.
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Specifically, there is the possibility that an additional (third) track might be required
between Golden and DUT because of the number of local stops planned for Gold Line
Trains. Mountain Corridor frains would operate nonstop in this segment, with passengers
from these stops transferring to Mountain Corridor trains at Golden.

At the West end of the Corridor, it is assumed that DMU service is operated between Vail
(at a joint station) and the Eagle Airport passenger terminals. This would operate over
the presently-unused portion of Union Pacific (ex-D&RGW) Tennessee Pass line
between Eagle and Dowds Junction, a new line (of about one mile) connecting to the
airport passenger terminals and a new line (of about 5 miles, essentially in the 1-70
corridor) between Dowds Junction and Vail. All alternatives with diesel/turbine-powered
trains for the Mountain Corridor will be assumed to provide through (no transfer) service
to Eagle; alternatives with electrically powered trains would require passengers to make a
same platform transfer. No costs for construction or operation of the Intermountain
Connection are included.

Feeder/Distribution Requirements

It i1s assumed that the distribution system in the corridor would be the same as the one
developed for the RTT system. It is anticipated that most of this distribution network is
in place and may only need to be augmented to support the trunk system. Since this is
identical for the all FGT alternatives no analysis will be performed for FGT. The
exceptions are the recently added alternatives using the Moffat Tunnel route, which do
not serve any of the I-70 Corridor to Vail. Implementing this service would essentially
imply creating the mixed traffic version of the RTT network. This major difference will
be noted by rating the Moffat routes as “Low” and all the other FGT alternatives as
“High.”

Average Speed

Average speed was calculated using Railsim 7® Train Performance Calculator (TPC)
software operating each equipment type over the 4% and 6% preliminary alignments
(light rail was also tested on the existing “highway” alignment). This software also
identified equipment that cannot successfully operate on the grades of the Corridor
(principally on the 6% alignment). Several candidates from the Railsim 72 rolling stock
library of each train type were run through the TPC with the best chosen to represent the
alternative. See Section IV for a more detailed discussion of this methodology.

Service Levels

Service will be assumed to operate in both directions from about 5:00 a.m. to 11:00 p.m.,
seven days per week every day of the year. The following table summarizes proposed
key operating features of the trunk FGT network based on preliminary ridership data and
typical train capacities. Light rail, with its limited train length, is anticipated to operate
double the number of trains (half these headways). Note that the holiday peak headways
would only require to be operated in one direction. On the single track alternatives
returning cars would be added to the trains in the reverse peak direction, operating every
20 minutes, will return the additional cars required by the 10 minutes peak direction
headway.

FGT Operations Plan 060601 2



headways
Days First & Balance Peak hour
Day per last 2 (14 hours) peak direction All day one-
Type year hours one-way way number of
(4 total) number of trips trips

Normal 265 30 min 30 min 2 37
Peak 75 30 min 20 min 3 51
Holiday 25 20 min 6hrs @10min 6 85
peak 8hrs @20min

Capacity

Capacity of alternatives was calculated based on the scheduled headways in the peak
periods on holiday peak days. Because of the long trip length, it is assumed that seats are
provided for all passengers. All cars are assumed to have rest room facilities and a 10%
allowance for food service facilities on all alternatives except LRT and AGS. The target
is the ability to accommodate peak hour, peak direction flows of 4200 passengers. For
Second Level Screening we are assuming that ridership will be essentially constant over
the course of the 50 years of the design life of the system. It is assumed that there will be
passing sidings (or second main track) at all stations and at additional points. It is
assumed that the closest feasible passing siding spacing is about every four miles; closer
than that it would probably be more economical to install and maintain double-track. It
has been calculated that this would provide capacity on single-track alternatives to
operate 10-minute headways in the peak direction and 20 minutes in the opposite
direction. Theoretical capacity on a long double track line such as this has been
calculated at 5-minute headways. Capacity for AGS conventional monorail alternatives
was calculated at 2-minute headways (as claimed by the manufacturer of the tested
system) and, similarly, the CIFGA figure is that provided by CIFGA.

Because of the existing heavy freight traffic on the Moffat Tunnel Route, only one
additional trip, operating on the busiest 100 days per year, is assumed. Even this may be
difficult to actually operate.

Fare Collection/Crew consists

It has been assumed that station to station fares will be in effect for the Corridor,
requiring roving staff to check/collect tickets. This is also appropriate considering the
high percentage of occasional users in this Corridor where leisure travel dominates. A
crew consisting of a train operator and two conductors has been assumed, except for LRT
and the AGS conventional monorail. In the LRT case, it has been necessary to assume
one conductor per car, because of the lack of end doors. This prevents a conductor from
walking through the train. Food service staff has not been calculated. The small AGS
conventional monorail trains have been assumed to only require one conductor.

Other steps

A worksheet was created for each FGT alternative for development of capital and
operating costs for this schedule (see Table 3). All equipment types that were run
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through the TPC software were identified, including its key characteristics and any
adaptations that have been assumed in our testing. Specifically, these worksheets were
converted into Table 1 which documents assumed adaptations to capacity that were made
(to modify equipment designed for routes with short-distance trips to accommodate
longer distance trips with a wider seat pitch and an allowance for food service facilities,
except on LRT). The results of the test for each equipment type are also be provided in
this table. Running times will be based on the end-to-end running time developed in the
TPC. Using the TPC, we identified the equipment types that are most suitable for use in
the corridor for each modal alternative, and why.

Table 3 also shows peak vehicle requirements, train miles and full time equivalent (FTE)
number of train crew members, and estimated revenue hours. Capital costs are also
shown. Capital and operating costs over the 50-year design period were developed. All
costs shown are in 2001 dollars.
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MEMORANDUM

Date: June 6, 2001

To: Gary Johnson, William Stringfellow, Mark Walbrun, David Phillips
From: Ted Rieck

Subject: CONCEPTUAL RUBBER TIRE TRANSIT OPERATIONS PLAN

This briefly documents the RTT conceptual operations plan. The purpose of the plan is
to assist in the second level screening by providing a basis for grading the various
alternatives against the criteria. This memorandum discusses the elements of the
operations plan, key assumptions, as well as provides a summary of the plan to date.
This plan is based on a conceptual level of analysis. Key Assumptions are summarized in
Appendix A.

This plan will eventually be divided into two parts. The first part is a plan for a mainline,
trunk RTT system. This trunk system is intended to link key origins in metropolitan
Denver with key destinations in the corridor. The second part (to be developed later)
addresses a distribution system in the corridor. It is anticipated that ‘most of this
distribution network is in place and may only need to be augmented to support the trunk
system. The transit system inventory collected in phase I of the PEIS was used.

The conceptual trunk portion of the plan will serve the basis of service for the varied RTT
options. The same basic plan would be used for buses in mixed traffic, buses operating in
some kind of HOV, as well as buses in a fixed guideway configuration. The operations
and scoring will vary due to technology/operating methodology (e.g., stations for BRT
options) and the anticipated operating speed (e.g., low with mixed traffic, high with
transitways).

The distribution portion of the plan will be developed after the conceptual trunk system is
internally accepted.

General Assumptions
There are four basic assumptions:
¢ There are three main points of origin in metro Denver, each to have its own
route. They are Denver International Airport, downtown Denver (16th Street
Mall area), and the park and ride at C-470 and I-70 (so-called “hogback”.

Each origin will have a dedicated service or route connecting it to destinations
in the I-70 corridor. Thus, DIA to the corridor would be one distinct route, C-

G:\601\20001629\Level 2 Draft Report 06-07-01\rttopsplan.doc 1



470 to the corridor another, and, finally, downtown Denver to the corridor.
With few exceptions, each route serves a distinct market and it not anticipated
that one route would serve more than one origin. For example, the DIA route
will not make stops at the C-470 Park and ride area.’

¢ There are nine targeted areas or “catchments.” Collectively, the dedicated
routes will serve these areas. It is anticipated that there will be one stop in the
area. A localize distribution system (to be developed later) will take travelers
to their final destination. It is anticipated that at high volume destinations,
“skycap” type service, day storage and checked through luggage services
would be provided.’

¢ There are three levels of service for each of the three dedicated services. The
levels are high (peak), medium (base level service), and low (minimal
service). Frequency and/or number of stops in the corridor distinguish each
level. Peak service has fewest stops with the highest frequency.

¢ Most services are planned operate seven days per week, with the C-470
operating six days per week. Services operate from about 5:00 AM to 9:00

PM.
Table IIla: Summary of key operating features of the Trunk Rubber Tire Transit
Network
Number of
Pattern Span of
Service Level Frequency Stops Days Operation Special Features
DIA verall 7 5am to 9pm check through luggage
High 30 2-3
Medium 60 34
Low 60 34
C-470 Park & Ride Querall 6 S5am to 9pm "sky cap” at stops
High 60 3-4 storage at stops
Medium 60 4
Low 60 ]
Downtown Denver Qverall 7 S5am to 9pm "sky cap” al stops
High 60 4-5 storage at stops
Medium 60 4-6
Low 60 9

Table IIIb, on page 4, illustrates for each of the three routes the level of service as well as
a unique pattern(s). The table is divided into the three main routes or origins (DIA, C-
470, and downtown Denver). Also shown are nine (eleven including Avon and Eagle)
destinations. It shows three levels of service (high, medium, and low). For each service

! Exception would be during low service period where multiple origins could be served. For example, the
downtown Denver route might serve C-470 origin during late evening hours.
? This address a key convenience issue raised by corridor bus operators.
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level there may one, two or three patterns that serve different combinations of
destinations. For example, the DIA route, at the high service level, pattern 1 would stop
at Evergreen, Loveland, and end at Keystone. DIA high service, pattern 2 first stops at
Silverthorne and then Frisco. Route 3 expresses to Copper before ending at Vail. A
fourth pattern for the high service level is for the future stops at Avon and Eagle.

Underlying rationale for the patterns in Table IlIb is based on allowing quick, direct
travel during the heaviest travel times. In the lesser travel times, stops become more
numerous thus service less quick. Keeping stops and travel time to a minimum is a key
consideration.

Table Illc presents estimated operating statistics for the trunk system at three “speed”
levels (again, low, medium and high). The speed levels will be coordinated with the
tercile ratings of speed for each alternative. Thus, an alternative in the lowest tercile for
speed will have the statistics associated with the “low speed service” section in table Illc.
The statistics illustrated are for each route and level of service, frequency (of individual
patterns), designated catchment stops for each pattern, days of operation, span of service,
peak vehicle requirement, full time equivalent (FTE) number of bus operators, and
estimated revenue hours. The later statistics (vehicles, operators and hours) will be
adjusted depending on demand. The statistics in the table assumes one bus can handle
anticipated demand for each pattern trip. If ridership numbers come in greater than
anticipated, multiple buses/trips for each pattern may be needed.

Table 2 shows the detailed evaluation matrix with assigned ratings for each alternative.
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Table IIIb: Rubber Tire Transit Conceptual Trunk Service Design
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Tablelllc:

Operating Statistics for Three Service Speeds of Conceptual Trunk Service

Summary: Lowest Tercile Speed

Service Pattern Span of Est FTE Annual
Service Level Frequency Stops Days  Operation Peak Vehs Veh Operators Revenue Hours
pla Overail T 5am to 9pm 42 89 153,100
High 30 23
Medium 60 3-4
Law 60 34
C-470 P&R Overall B 5am to 9pm 11 37 64,500
High 60 3-4
Mediurm &0 4
Low 60 8
Downtown Denver  Overall 7 5am to 9pm 13 39 68,000
High 50 4.5
Medium 60 4-6
Low 60 9
Totals 66 166 285,600
Summary: Medium Tercile Speed
Pattern Span of Est FTE Annual
Service Level Frequency Stops Days  Operation Peak Vehs Veh Operators Revenue Hours
Dia Overall 7 Sam lo 9pm 34 72 124,400
High 30 23
Medium 60 34
Low 80 34
C-470 P&R Ovarall 5] Sam to 9pm g 30 52,400
High 60 3-4
Medium 60 4
Low 60 5}
Downtow Overall 7 5am to 9pm 11 a2 55,300
High 80 45
Medium 60 4.6
Low 60 9
Taotals 54 1356 232,100
Summary: High Tercile Speed
Pattern Span of Est FTE Annual
Sarvice Level Frequency Stops Days Operation Peak Vehs Veh Operators Revenue Hours
DIA Overall 7 5am to 5pm 29 61 104,832
High 30 2-3
Madiurm 60 34
Low B0 3-4
C-470 PAR Qverall 6 Sam to 9pm 8 26 44,157
High 50 3-4
Medium 60 L]
Low 60 6
Downtown Denver — Overall 74 5am to 9pm 9 27 46,557
High 80 4-5
Medium 60 4-6
Low 60 9
Totals 45 53 195,545
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Train Performance Calculator







Train Performance Calculator in PEIS Secondary Screening

Process of Train Performance Calculator

The Railsim 7® Train Performance Calculator (TPC) was utilized to model train
performance. This particular Train Performance Calculator has gained the recognition within
the industry as one of the most inclusive types being utilized today. The Norfolk Southern
Railway has purchased Railsim 7® for use as a planning and costing tool. Railsim 7® is
being utilized in a major capacity study between Newark, NJ and Penn Station, New York
City for the various stakeholders there.

We utilized the TPC to project performance characteristics of several types of equipment
over three different projected FGT alignments (Highway, 6% and 4%) from I-470 to Vail.
Only westbound alignments were utilized in Secondary Screening. The TPC was used as a
planning tool to:

e verify the capabilities of various technologies of rolling stock on the mountain grades

e ensure support of predicted ridership

* develop trip time predictions for the FGT alignments (required to calculate operating
costs and fleet size requirement analyses, a key part of capital costs)

e predict energy consumption (kWh for electrically-powered trains and gallons for
diesel-powered trains; kWh was also an input for sizing the electrical distribution
system).

We utilized the TPC to compare and analyze the performance and trip times of alternative
rolling stock types, including “off-the-shelf” versus custom-built models.

In summary, the TPC was used to generate detailed and highly accurate performance
characteristics of a single train operating over a specified alignment. The performance data
includes time, distance, velocity and acceleration, among the many types of output.

The TPC’s Database Editor was utilized to enter the data for the various alignments (location
of grades, curves, tunnels and stations) that collectively describe the profiles. We will be
able to verify the effect on the changing performance characteristics of the rolling stock
being tested of design changes within a proposed alignment.

The Report Generator function of the TPC summarize performance from the huge “raw”
output files (numerous data points are recorded each second of the simulated run (typically
two hours long). To date, text-based Train Summary Report have been produced for each
run. The report provides an overview of the selected TPC run(s), by station. It includes a
header identifying the report and the geographic limits of the run, as well as all option and
parameter settings, station arrive and leave or pass times (for non-stop runs) based on
cumulative running time from the beginning of the run, as well as distance operated, average
velocity (with and without station stops), peak power demand and energy consumption for
and End to End run. The TPC can also produce user-specified graphic plot reports.
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Summary of Transit Modes Tested

Railsim 7® has an extensive library of rail equipment. There are 344 North American
Locomotives, 128 North American Coaches, 64 North American Multiple Unit Cars, 220
North American Transit Vehicles, 292 World Wide Multiple Unit Cars, and 412 World Wide
Transit Vehicles. With this roster to choose from, we were able to select the best type of
equipment available to match the parameters required for PEIS Secondary Screening.

Where modifications to equipment types in the library were required we constructed custom-
built train sets utilizing the capabilities of the TPC to build “user-defined” rolling stock,
based on equipment in the library. Final testing screening for one such train set is shown in
the table under the Electric Heavy Rail Transit mode. This approach was also utilized to
simulate non-rail systems such as Advanced Guuideway Systems (AGS) and buses (both
electric and diesel).

We tested Electric and Diesel Light Rail Transit trains, Electric and Diesel Heavy Rail
Transit Cars, Railroad Passenger trains (FRA compatible) pulled both by diesel and electric
locomotives, as well as Diesel and Electric Multiple Unit, Monorails and buses (both diesel
and electrically-powered). The results are summarized as follows (see Appendix B for a
complete presentation of the equipment tested and the simulator results):

Electric Light Rail Transit — This mode was tested on all three alignments (Highway, 6% and
4%). Due to the recent success of Light Rail Transit in the United States (including the new
Denver RTD system) and the on-going modernization of existing LRT systems worldwide,
there are many choices of equipment available for testing despite the severe grades and
curves encountered within these three alignments. Nine different types of equipment were
chosen for testing. Selection parameters were high maximum speed and horsepower. We
assumed that all equipment tested would require many modifications to increase the existing
seating capacity; most of these equipment types have been specified for city transit use,
include a heavy reliance on standee less capacity, not appropriate for the long trips in this
corridor.

The San Jose Santa Clara VTA 2000 Light Rail Vehicle outperformed the other eight
candidates selected for testing. This turned out to be the fastest performance by any of the
conventional rail modes, averaging 48.6MPH for a non-stop run and a 1:47 elapsed time over
the Highway Alignment. Several others were close.

Diesel Light Rail Transit — Again, this mode was tested on all three alignments. This is a
very new technology, with many fewer choices of examples; four types of equipment were
chosen for testing.

The Siemens Regio Sprinter VT4N easily out-performed the other three candidates. This
was primarily due to the fact that this train set was 18 tons lighter than its nearest competitor.
This lighter weight allowed this trainset to have significantly higher acceleration and de-
acceleration features. It performed better than a heavier train that had more horsepower and
a higher maximum speed primarily because of its lighter weight.

Train Performance Calculator 2
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Elapsed time over the Highway Alignment was twelve (12) minutes faster than any other
train set tested. Final Statistics: 46.1 MPH equated to 1:52” elapsed time.

Diesel Heavy Rail Transit - We were able to identify five sets of equipment for testing over
the 4% alignment. Due to the low horsepower output of this type of equipment, performance
statistics were not favorable as an alternative type of rail mode. Only two of the five train
sets tested successfully completed a TPC run. The others either stalled on the 4% grades or
had insufficient brakes for the long descents. Among the equipment that failed was The
Colorado Transportation Associates turbine train, using the best available tractive effort and
braking curves available.

The ABB Explorer/Endeavour DMU-3 was the better of the two sets that successfully
completed the TPC run over the 4% alignment. Average speed over the run was 36.4MPH
which equaled to a 2:30” elapsed time. 471 gallons of fuel was consumed.

Electric Heavy Rail Transit — These were defined as non-FRA compliant Multiple Unit
trains. Thus five train sets were selected from either the North American transit or the
worldwide multiple unit elements of the Railsim library. Apparently, because of the weight
of this equipment, of the five sets tested, only one completed the TPC run, and only on the
4% alignment. Three of the sets stalled on the grades and one set had insufficient brakes to
hold the train safely on the long descents. The performance of the one set that successfully
completed the run was not competitive enough to be considered an alternative. The DB AG
German 1999 Class 426 EMU averaged 34.4MPH which equated to a 2:38” elapsed time.
Some trains with tilting capabilities were among those tested, but did not complete the runs.
These were tested with 6 inches of cant deficiency.

We configured a user-defined high performance Electric Heavy Rail train which averaged
47.1MPH which resulted in a 1:56” elapsed time on the 4% alignment. KWH used were
0249 per run. On the 6% alignment it averaged 44.5MPH which resulted in a 1:56” elapsed
time with a 6842 KWH consumption rate.

Electric Multiple Unit Passenger Railroad — This grouping of EMU’s that was tested is North
American equipment that is Federal Railway Administration (FRA) compliant. We chose
four different types based on horsepower and weight.

The Montreal AMT MR90 was the only set of equipment of the four tested that successfully
operated over the 4% alignment. The other three either had insufficient braking or stalled on
the grades. The Montreal AMT MR90 averaged 45.7MPH which equated to a 1:59” elapsed
time. KWH used was high at 6899. This was an eight car train with each car powered. This
train set also completed the 6% alignment run with performance statistics of an average
speed of 42.8MPH, a 2:01” elapsed time and used 6192 KWH.

Passenger Railroad Locomotive-hauled trains — The TPC allows the user to create various
train consists. This category was defined to include only FRA compatible equipment. We
tested various combinations of the most powerful passenger diesel and electric locomotives
with bi-level coaches to keep weight per seat at a minimum and to satisfy passenger capacity
requirements. The number of locomotives used was three to four per five or six car consist
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over the 4% alignment. The various trains tested either stalled or had insufficient brakes to
successfully complete the TPC run. Some runs were also made with tilting trains, using 6
inches of cant deficiency; these also were unsuccessful. It became clear that locomotive-
hauled equipment, with a small fraction of the train’s axles powered (and equipped with
dynamic brakes), is not a viable alternative in this corridor.

Advanced Guideway Systems — The TPC was also used to simulate monorail operation. A
conventional monorail was constructed in Railsim 7® based on the System 21 monorail
being developed by Futrex Inc. of Charleston SC. This is based on a side-hanging system
using small (28 feet long, 11,500 pounds) cars. Published data indicates a top speed of 70
mph, 10% max grades, 10 car maximum train length and 90 second minimum headway.
Testing was performed using 26 seats, 6 inches of cant deficiency and 200 hp/car. Results
were average speeds, with stops, of 56 to 58.4MPH, depending on the alignment (including
stops (59.9 to 60.6 without stops) and elapsed time of 1:31-1:33, with stops. Energy
consumed varied from 1855 to 1925 kWh, depending on the alignment (with stops).

The CIFGA monorail was tested using data provided by CIFGA. An experimental train was
configured using this information. At CIFGA’s request, only the Highway Alignment was
tested. A special alignment with the equivalent of 12 inches of conventional railroad
superelevation was tested with 6 inches of cant deficiency (although these might result in
considerable discomfort for passengers). Results were an average speed of 65.8MPH, an
elapsed time of 1:19”, and 3244 KWH of energy utilized.

Buses — User defined vehicles were also built to simulate buses, primarily to estimate
electricity consumption, to allowing sizing an electric power distribution system for
trolleybuses and dual mode buses. These were built based on the specifications of a 45-foot
MCI 4500 series over the road coach equipped with a 500 hp electric traction motor.
Railsim’s Rubber-tired vehicle resistance coefficient was used for the bus runs. Electric
buses consumed 476 KWH per trip.

FGT and RTT electrification costs are shown in Appendix C. Feeder bus operations
requirements are detailed in Appendix D.

Conclusions

All equipment that was tested, with the possible exception of Electric LRT, will need minor
modifications to the propulsion and braking systems. Use of the TPC demonstrated
conclusively that only rail equipment with, at least, 2/3 of its axles powered (and equipped
with dynamic brakes) had the high-performance capabilities needed to overcome the steep
gradients of the Rocky Mountain topography. Typically, such high performance equipment
is used in short-distance, commuter service and is designed to serve work trips. On-board
enhancements that will be required to serve longer, leisure-oriented trips include more
comfortable seating, food service, and larger luggage (ski equipment) compartments. These
on-board amenities will be applied to any type of equipment chosen for this service. Wide
car doors are needed to keep station dwell times to a minimum. High Level platforms,
avoiding the need for stairs, will also improve the ability for this equipment to maintain
exacting schedules. Magnetic track brakes will also be required for emergency backup
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operation on the steep mountain grades. These are also typically associated with high
performance transit equipment. Tilting capability may appropriate given the extensive
curvature of the alignment. While most tilt trains are locomotive-powered, a large order of
high-speed EMU tilt trains is now being built for operation on the West Coast Mainline in
England.

Design changes to passenger rail cars often affect the transfer of weight and balance that is
critical to performance. Any rail equipment chosen for modification with on-board
enhancements to operate within the I-70 corridor must keep the weight of the final design as
light as possible. This fact alone is the most critical for this system to be competitive and
efficient with the existing transportation modes now being utilized. Operating and
Maintenance costs will directly affect the success of this system in that revenues from the
farebox will be the primary source for the continuity and success of this service.

A successful passenger rail service can operate within the extreme mountain topography such
as this with the associated winter conditions, as long as appropriate maintenance programs
for the rolling stock and rail infrastructure is provided. In order for this alternative to be a
viable transportation mode it must be safe, dependable, and efficient. A proactive approach
to maintenance must be understood and adopted by the operator.

A spreadsheet is provided as Appendix B, which lists each equipment type tested. The top
group shows the equipment selected from the Railsim 7® library and its key characteristics.
The bottom group provided information regarding the train consist that was tested and the
results of the run on each alignment.

Analysis Results

The results of the FGT analysis are documented in Table 3.

The results of the RTT analysis are documented in Table 4.
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Table 1

Evaluation Matrix — FGT Alternatives
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Table 2

Evaluation Matrix — RTT Alternatives
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Sorted by Average Speed (including stops)

DP_4% PRR_Corridor Single - -
DP_4% PRR_Corridor Double - -
EP_4% PRR_Corridor Single - -
EP_4% PRR_Corridor Double - -
DP_6% PRR_Corridor Single - -
DP_6% PRR_Corridor Double - -
EP_6% PRR_Corridor Single . -
EP_6% PRR_Corridar Double - -
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EP_4% AGS_Conv Mono Double 2
EP_HA AGS_Conv Mona  Unit 2
EP_6% AGS_Conv Mono Unit 2
EP_4% LRT Single 2
EP_4% LRT Double 2
DP_4% LRT Single 3
DP_4% LRT Double 3
EP_HA LRT Single 3
EP_HA LRT Double 3
EP_6% LRT Single 3
EP_6% LRT Double 3
EP_4% HRT Single 3
EP_4% HRT Double 3
DP_HA LRT Single 3
DP_HA LRT Double 3
DP_6% LRT Single 3
DP_6% LRT Double 3
EP_4% MUP Single 3
EP_4% MUP Double 3
EP_&% HRT Single 3
EP_8% HRT Double 3
EP_6% MUP Single 3
EP_8% MUP Double 3
DP_4% HRT Single 4
DP_4% Double 4
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8a|Electric Heavy Rail Transit, double track-4% Normal days (265) 37 14 518 118,104 [ $ 268 NA NA NA 6249 5,437 213 3 640| $ 16.00 | $ 316,519 NA $ 40,231 | $ 10,242
Peak Days (75) 51 14 714 162,792 [ $  2.68 NA NA NA 6249 4,874 294 3 882|§ 16.00 | $ 436,283 NA $ 49717 | $ 14,117
Holiday Peak Days (25) 85 14 1190 271,320 | $ 268 NA NA NA 6249 3,874 490 3 1471| $ 16.00 | $ 727,138 NA $ 65,864 | $ 23,528
Annual 15755 14 220570 50,289,960 § - 2.68 NA NA NA 6242 90854 3 272562 $ 16.00 § 134,777,093 NA $ 15,634,311 $ 4,360,884 $ 2,856,000 157,628,387
8b|Electric Heavy Rail Transit, double track-6% Normal days (265) 37 14 518 117,068 | $ 2.68 NA NA NA 6842 5,953 213 3 640/ $ 16.00 | $ 313,742 NA $ 44,049 | $ 10,242
Peak Days (75) 51 14 714 161,364 | $  2.68 NA NA NA 6842 5,337 294 3 882| ¢ 16.00 | $ 432,456 NA $ 54435 | $ 14,117
Holiday Peak Days (25) 85 14 1190 268540 | $§ 268 NA NA NA 6842 4,242 490 3 1471 $ 16.00 | § 720,758 NA $ 72,115 | $ 23,528 )
Annual 15755 14 220570 49,848,820 ¢ 2.68 NA NA NA 6842 90854 3 272562 $ 1600 $ 133,594,838 NA $ 17,117,931 $ 4,360,984 $ 2,856,000 157,929,753
9a|Diesel Loco. hauled Passenger RR, stalled
single track-4%
9b{Diesel Loco. hauled Passenger RR, stalled
single track-8%
10a|Diesel Loco. hauled Passenger RR, slalled
double track-4%
10b|Diesel Loco. hauled Passenger RR, stalled
double track-6%
11a|Electric Loco. hauled Passenger RR, stalled
single track-4%
11b|Electric Loco. hauied Passenger RR, stalled
single track-6%
12a|Electric Loco. hauled Passenger RR, stalled
double frack-4%
12b|Electric Loco. hauled Passenger RR, stalled
double track-6%
13a |Electric Multiple Unit Passenger RR, Normal days (265) 37 10 370 83620 | $ 4.72 NA NA NA 5899 5,486 218 3 653| $ 16.00 | $ 394,686 NA $ 40,597 | $ 10,449
single track-4% Peak Days (75) 51 10 510 115,260 | § 4.72 NA NA NA 5899 5,250 300 3 900| $ 16.00 | $ 544,027 NA $ 53,551 | $ 14,402
Holiday FPeak Days (25) 85 10 850 182,100 | $ 4.72 NA NA NA 5899 4,601 500 3 1500| $ 16.00( $ 908,712 NA $ 78,221 | $ 24,004
Annual 15755 10 157550 35,606,300 - $ 4.72 NA NA NA 5899 92692 3 278076 $ 16.00 $ 168,061,736 NA $ 16,324,087 $ 4,449,212  § 2,856,000 191,691,015!
13b|Electric Multiple Unit Passenger RR, Normal days (265) 37 10 370 83620 |$ 472 NA NA NA 6192 5,759 220 3 660| $ 16.00 | $ 394,686 NA $ . 42613 | $ 10,567
single track-6% Peak Days (75) 51 10 510 115260 | $ 4.72 NA NA NA 6192 5,511 303 3 910/ $§ 16.00 | § 544,027 NA $ 56,211 | $ 14,566
Holiday Peak Days (25) 85 10 850 192,100 | $ 4.72 NA NA NA 6192 4,830 506 3 1517| $ 16.00 | $ 908,712 NA $ 82,106 | $ 24,276
Annual 15755 10 157550 35,606,300 $ 472 NA NA NA 6192 93742 3 281227 $ 16.00 $ 168,061,736 NA $ 17,134,874 § 4,489,628 § 2,856,000 192,562,238
14a|Electric Multiple Unit Passenger RR, Normal days (265) 37 10 370 83620 $% 472 NA NA NA 5899 5,132 218 3 653/ $§ 16.00 | $ 394,686 NA $ 37978 | $ 10,449
double track-4% Peak Days (75) 51 10 510 115,260 | $ 4.72 NA NA NA 5899 4,601 300 3 900| $ 16.00 | $ 544,027 NA $ 46,932 | $ 14,402
Holiday Peak Days (25) 85 10 850 192,100 | $ 4.72 NA NA NA 5899 3,657 500 3 1500| $ 16.00 | $ 906,712 NA $ 62,175 | $ 24,004
Annual 15755 10 157550 35,606,300 $ 4.72 NA NA NA 5899 92692 3 278076 $ 16.00 $ 168,061,736 NA $ 14,758,649 $ 4,449,212 § 2,856,000 190,125,597
14b | Electric Multiple Unit Passenger RR, Normal days (285) 37 10 370 83620 | $ 472 NA NA NA 6192 5,387 220 3 660| $ 16.00 | $ 394,686 NA $ 39,864 | $ 10,567
double track-6% Peak Days (75) 51 10 510 115260 [$  4.72 NA NA NA 6192 4,830 303 3 910| $ 16.00 | § 544,027 NA $ 49,264 | $ 14,566
Holiday Peak Days (25) 85 10 850 192,100 | $ 4.72 NA NA NA 6192 3,839 506 3 1517/ ¢ 16.00 | $ 906,712 NA $ 65,264 | $ 24,276
Annual 15755 10 157550 35,606,300 $ 4.72 NA NA NA 6192 93742 3 281227 $ 16.00 $ 168,061,736 NA $ 15,481,703 $ 4,499,628 $ 2,856,000 190,909,067,
15a|Electric Conv. Monorail, double guideway-4% Normal days (265) g6 10 960 216,960 $2.00 NA NA NA 1858 1,616 269 2 538/ $ 16.00 | $ 433,920 NA $ 31,036 | $ 8,608
Peak Days (75) 133 10 1330 300,580 $2.00 NA NA NA 1858 1,449 269 2 538|$ 16.00|$ 601,160 NA $ 38,6550 | $ 8,608
Holiday Peak Days (25) 221 10 2210 498,460 $2.00 NA NA NA 1858 1,152 269 2 538/ $ 16.00 | $ 998,920 NA $ 50917 | § 8,608
Annual 40940 10 409400 92,524,400 $2.00 NA NA NA 1,858 269 2 538 $ 16.00 $ 185,048,800 NA $ 12,078,338 $ 8,608 § 2,856,000 199,991,746
15b|Electric Conv. Monorail AGS, double guideway-6% Normal days (265) 96 10 960 216,860 $2.00 NA NA NA 1925 1,675 269 2 538|$ 1600 |$ 433,920 NA $ 32,155 | § 8,608
Peak Days (75) 133 10 1330 300,580 $2.00 NA NA NA 1925 1,502 269 2 638/ $ 16.00 | $ 601,160 NA $ 39,940 | $ 8,608
Holiday Peak Days (25) 221 10 2210 499,460 $2.00 NA NA NA 192_5 1,194 269 2 538/ $ 16.00 | $ 998,820 NA $ 52,753 | $ 8,608
Annual 40940 10 409400 92,524,400 $2.00 NA NA NA 1925 269 2 538 § 1600 $§ 185,048,800 NA $ 12,513,886 $ 8,608 $ 2,856,000 200,427,294
15c|Electric Conv. Monorail AGS, double gui y-Hwy Normal days (265) 96 10 960 216,960 $2.00 NA NA NA 1855 1,614 273 2 546|$ 16.00| % 433,820 NA $ 30,986 | $ 8,736
Peak Days (75) 133 10 1330 300,580 $2.00 NA NA NA 1855 1,447 273 2 546/ $ 16009 601,160 NA $ 38,488 | $ 8,736
Holiday Peak Days (25) 221 10 2210 459,460 $2.00 NA NA NA 1855 1,150 273 2 546| $ 16.00 | $ 998,920 NA $ 50,834 | § 8,736
Annual 40940 10 409400 92,524,400 $2.00 NA NA NA 1855 273 2 545 $ 1600 $ 185,048,800 NA $ 12,058,836 $ 8,736 $ 2,856,000 199,972,372
16|CIFGA NMonorail (Highway only) Normal days (265) 68 20 1920 433,920 $2.00 NA NA NA 3243 2,821 269 3 807($ 16.00 | $ 867,840 NA $ 38,416 | $ 12,912
Peak Days (75) 94 20 2660 601,160 $2.00 NA NA NA 3243 2,530 269 3 807|$ 16.00 | $ 1,202,320 NA $ 47474 | $ 12,912
Holiday Peak Days (25) 153 20 3060 ) 691,560 $2.00 NA NA NA 3243 2,011 269 3 807/ $ 16.00|$ 1,383,120 NA $ 61,526 | $ 12,912
Annual 28904 20 578084 130,646,984 $2.00 NA NA NA 3243 268 3 807 § 1600 $ 261,293,968 NA $ 14,894,897 $ 12,912 $ 2,856,000 278,057,777
17| Moffat Tunnel to Winter Pk. Normal days (265) 0 0 ] -
Diesel Loco. hauled Psgr RR Peak Days (75) 1 6 6 804 | $ 3.00 2 268 $ 700 1000 1,000 5 3 15($ 1600 $ 2412 | § 1876 | $ 3200 | $ 240
(from DUT) Holiday Peak Days (25) 1 6 6 804|$ 3.00 2 268 $ 700 1000 1,000 5 3 15| $ 16.00 | $ 2412 | $ 1,876 | § 3,200 | $ 240
Annual 100 ] 600 80,400 $ 3.00 200 26800 § 7.0 1000 500 3 1500 $ 1600 $ 241,200 $ 187,600 $ 320,000 $ 24,000 772,800
18|Moffat Tunnel to Glenwood Normal days (265) 0 0 0 -
Diesel Loco. hauled Psgr RR Peak Days (75) 1 6 6 1,608 [$ 3.00 2 536 $ 700 2000 2,000 10 3 30|$ 16.00}$% 4824 | $ 3,752 | $ 6,400 | $ 480
(from DUT) Holiday Peak Days (25) 1 6 6 1,608 | $ 3.00 2 536 $ 700 2000 2,000 10 3 30/ ¢ 16.00|$% 4824 | $ 3,752 | § 6,400 | $ 480
Annual 100 6 600 160,800 § 3.00 200 53500 $  7.00 2000 1000 3 3000 § 1600 $ 482,400 $ 375,200 $ 640,000 § 48,000 1,545,600
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1-70 PEIS Secondary Screening - FGT operating costs
Operating Costs
[
Fuel (kwh
or gal)
consumed Other staff
Number of| Fuel (kwh | per trip Cost per (station, fare
trains Number of| Cost per Loco. Cost per orgal) |adjustedfor| Train crew Fuel cost ($0.10 per,| inspection,
each cars per |Car trips Car miles car mile |Loco.trips| miles | loco mile | consumed| regen. | hours per Crew person | Total car mile cost | Total loco mile | kwh or $1.60 per dispatch, Total Operating
Alternatives direction |train operated operated (wio fuel) | operated | operated | (w/ofuel) | per trip Braking | daylyear | Crewsize| hours hour (wi/o fuel) cost (w/o fuel) gal) Total Crew cost mgmt) costs
1a|Diesel Light Rail Transit, single track-4% Per Normal day (265) 37 4 148 33,744 | $ 3.00 NA NA NA 120 120 208 5 1042/ $ 16.00 | $ 101,232 NA $ 14,208 | $ 16,675
Per Peak Day (75) 51 4 204 46512 | $  3.00 NA NA NA 120 120 287 5 1437| $ 16.00 | $ 139,536 NA $ 19,584 | $ 22,984
Per Holiday Peak Day (25) 85 4 340 77520 | $ 3.00 NA NA NA 120 120 479 5 2394| $ 16.00 | $ 232,560 NA $ 32,640 | $ 38,307
Annual 15755 4 63020 14,368,560 $ 3.00 NA NA NA 120 88753 5 443766 $ 1600 $ 43,105,680 NA $ 5907,840. § 7,100,253 $ 2,285,000 58,398,773
1b|Diesel Light Ralil Transit, single track-6% Per Normal day (265) 37 4 148 33448 | $  3.00 NA NA NA 133 133 210 5 1048( $ 16.00 | $ 100,344 NA $ 15,747 | $ 16,773
Per Peak Day (75) 51 4 204 46,104 | $ 3.00 NA NA NA 133 133 289 5 1445/ $ 16.00 | $ 138,312 NA $ 21,706 | $ 23,120
Per Holiday Peak Day (25) 85 4 340 76,840 | $ 3.00 NA NA NA 133 133 482 5 2408| $ 16.00 | $ 230,520 NA $ 36,176 | $ 38,533
Annual 15756 4 63020 14,242,520 $ 3.00 NA NA NA 133 89278 5 446392 § 16.00 $ 42,727,560 NA $ 6,547,856 $ = 7,142,267 $ 2,285,000 58,702,683
1c|Diesel Light Rail Transit, single track-Hwy Per Normal day (265) 37 4 148 33448 | $  3.00 NA NA NA 132 132 208 5 1042{ $ 16.00 | $ 100,344 NA $ 15,629 | $ 16,675
Per Peak Day (75) 51 4 204 46104 | $ 3.00 NA NA NA 132 132 287 5 1437($ 16.00 | $ 138,312 NA $ 21542 | $ 22,984
Per Holiday Peak Day (25) 85 4 340 76,840 | § 3.00 NA NA NA 132 132 479 5 2394| $ 16.00 | $ 230,520 NA $ 35,904 | $ 38,307
Annual 15755 4. 83020 14,242,520  $  3.00 NA NA NA 132 88753 5 443766 $ 16.00 $ 42,727,560 NA $ 64988624 $ 7,100,253 $ 2,285,000 58,611,437
2a|Diesel Light Rail Transit, double track-4% Per Normal day (265) 74 4 296 67488 | $ 3.00 NA NA NA 120 120 417 5 2084| $ 16.00 | $ 202,464 NA $ 28,416 | $ 33,349
Per Peak Day (75) 102 4 408 93024 |$ 3.00 NA NA NA 120 120 575 5 2873| $ 16.00 [ $ 279,072 NA $ 39,168 | $ 45,968
Per Holiday Peak Day (25) 170 4 680 155,040 | $§ 3.00 NA NA NA 120 120 958 5 4788| $ 16.00 | § 465,120 NA $ 65,280 | § 76,613
Annual 31510 4 126040 28,737,120 $ 3.00 NA NA NA 120 177506 5 887532 $ 16.00 $§ 86,211,360 NA $ 11,815,680 § 14,200,507 $ 2,285,000 114,512,547
2b|Diesel Light Rail Transit, double track-6% Per Normal day (265) 74 4 296 66,896 | $ 3.00 NA NA NA 133 133 419 5 2097|$ 16.00$ 200,688 NA $ 31,494 | $ 33,547
Per Peak Day (75) 102 4 408 92,208 | $ 3.00 NA NA NA 133 133 578 5 2890|$ 1600 $ 276,624 NA $ 43411 | $ 46,240
Per Holiday Peak Day (25) 170 4 680 153,680 | $ 3.00 NA NA NA 133 133 963 5 4817|$ 16.00 | $ 461,040 NA $ 72,352 | $ 77,067
Annual 31510 4 126040 28,485,040 $ 3.00 NA NA NA 133 178557 5 892783 $ 16.00 $ 85,455,120 NA $ 13,005,712 $ 14,284,533 § 2,285,000 115,120,365
2c|Diesel Light Rail Transit, double track-Hwy Per Normal day (265) 74 4 296 66,896 | $ 3.00 NA NA NA 132 132 417 5 2084| $ 16.00 | $ 200,688 NA $ 31,258 | § 33,349
Per Peak Day (75) 102 4 408 92,208 [ $§ 3.00 NA NA NA 132 132 575 5 2873|$ 16.001($ 276,624 NA $ 43,085 | $ 45,968
Per Holiday Peak Day (25) 170 4 680 153,680 | $ 3.00 NA NA NA 132 132 958 -5 4788| $ 16.00 | $ 461,040 NA $ 71,808 | $ 76,613
Annual 31510 4 126040 28485040 $ 3.00 NA NA NA 132 177506 5 887532 $ 16.00 $ 85,455,120 NA $ 12,997,248 $ 14,200,507 $ 2,285,000 114,937,875
3a|Electric Light Rail Transit, single track-4% Per Normal day (265) 37 4 148 33448 | $  2.68 NA NA NA 1823 1,695 204 5 1021| $ 16.00 | $ 89,641 NA $ 12,546 | $ 16,329
Per Peak Day (75) 51 4 204 46,104 | $ 2.68 NA NA NA 1823 1,622 281 5 1407/ $ 16.00 | $ 123,559 NA $ 16,549 | $ 22,508
Per Holiday Peak Day (25) 85 4 340 76,840 | $ 2.68 NA NA NA 1823 1,422 469 5 2345|$ 1600 | $ 205,931 NA $ 24173 | $ 37,513
Annual 15755 4 63020 14,242520 $ 2.68 NA NA NA 1823 86915 5 434575 $ 16.00 $ 38,169,954 NA $ 5044715 § 6,953,207 $ 2,856,000 53,023,875
3b|Electric Light Rail Transit, single track-6% Per Normal day (265) 37 4 148 33448 | $  2.68 NA NA NA 2028 1,886 202 5 1008/ $ 16.00 | § 89,641 NA $ ~ 13857 | $ 16,132
Per Peak Day (75) 51 4 204 46,104 | $ 2.68 NA NA NA 2028 1,805 278 5 1390{ $ 16.00 | $ 123,559 NA $ 18410 [ $ 22,236
Per Holiday Peak Day (25) 85 4 340 76,840 | $ 2.68 NA NA NA 2028 1,682 463 5 2316| $ 16.00 | $ 205,931 NA $ 26,891 | $ 37,060
Annual 15755 4 63020 14,242,520 $ 2.68 NA NA NA 2028 85865 5 429324 § 1600 $ 38,169,954 NA $ 5,612,003 $ 6,869,180 $ 2,856,000 63,507,137
3c|Electric Light Rail Transit, single track-Hwy Per Normal day (265) 37 4 148 33448 | $ 268 NA NA NA 2003 1,863 202 5 1008/ $ 16.00 | $ 89,641 NA $ 13,785 | $ 16,132
Per Peak Day (75) 51 4 204 46,104 | $ 2.68 NA NA NA 2003 1,783 278 5 1390| $ 16.00 | $ 123,559 NA $ 18,183 | $ 22,236
Per Holiday Peak Day (25) 85 4 340 76,840 | $ 2.68 NA NA NA 2003 1,662 463 5 2318 $ 16.00 | $ 205,931 NA $ 26,560 | $ 37,060
Annual 15755 4 63020 14,242520 § 2.68 NA NA NA 2003 85865 5 429324 § 1600 $ 38,169,954 NA $ 5,542,822 % 6,869,180 $ 2,856,000 53,437,955
4a|Electric Light Rail Transit, double track~4% Per Normal day (265) 74 4 296 66,896 | $ 2.68 NA NA NA 1823 1,586 408 5 2041|$ 16.00 | $ 179,281 NA $ 23473 | $ 32,659
Per Peak Day (75) 102 4 408 92,208 | $ 2.68 NA NA NA 1823 1,422 563 5 2814|$ 1600 $ 247,117 NA $ 29,008 | $ 45,016
Per Holiday Peak Day (25) 170 4 680 153680 | $ 2.68 NA NA NA 1823 1,130 938 5 4689| $ 16.00 | $ 411,862 NA $ 38,429 | $ 75,027
Annual 31510 4 126040 28,485,040 $ 2.68 NA NA NA 1823 173830 5 869151 $ 16.00 $ 76,339,907 NA $ 9,121,891 $ 13906413 $ 2,856,000 102,224,211
4b|Electric Light Rail Transit, double track-6% Per Normal day (265) 74 4 296 66,896 | $ 2.68 NA NA NA 2028 1,764 403 5 2017| $ 16.00 | $ 179,281 NA $ 26,113 | $ 32,264
Per Peak Day (75) 102 4 408 92,208 | $ 2.68 NA NA NA 2028 1,582 556 5 2780| $ 16.00 | $ 247,117 NA $ 32,270 | § 44,472
Per Holiday Peak Day (25) 170 4 680 153,680 | § 2.68 NA NA NA 2028 1,257 927 5 4633| $ 16.00 | $ 411,862 NA $ 42,750 | $ 74,120
Annual 31510 4 126040 28,485,040 $ 268 NA NA NA 2028 171730 5 858648 $ 16.00 $ 76,339,907 NA $ 10,147,666 $ 13,738,360 $ 2,856,000 103,081,933
4c|Electric Light Rail Transit, double track-Hwy Per Normal day (265) 74 4 296 66,8961 $ 2.68 NA NA NA 2003 1,743 403 5 2017/ $ 16.00 | $ 179,281 NA $ 25791 | $ 32,264
Per Peak Day (75) 102 4 408 92,208 | $ 2.68 NA NA NA 2003 1,562 556 S 2780/ $ 16.00 | $ 247,117 NA $ 31872 | § 44,472
Per Holiday Peak Day (25) 170 4 680 153680 | $ 2.68 NA NA NA 2003 1,242 927 5 4633| $ 16.00 | $ 411,862 NA $ 42,223 | $ 74,120
Annual 31510 4 126040 28485040 $ 2.68 NA NA NA 2003 171730 5 858648 $ 16.00 $ 76,339,907 NA $ 10,022,571  $ 13,738,360 $ 2,856,000 102,956,839
5a|Diesel Heavy Rail Transit, single track-4% Normal days (265) 37 12 444 101232 | $  4.00 NA NA NA 471 471 258 3 775|$ 16.00 | $ 404,928 NA $ 55,766 | $ 12,402
Peak Days (75) 51 12 612 139,536 | $  4.00 NA NA NA 471 471 356 3 1068| $ 16.00 | $ 558,144 NA $ 76,867 | $ 17,095
Holiday Peak Days (25) 85 12 1020 232,560 | $ 4.00 NA NA NA 471 471 594 3 1781| $ 16.00 | § 930,240 NA $ 128,112 | $ 28,492
Annual 15755 12 1890860 43,105,680 $ 4.00 NA NA NA 471 110022 3 330067 $ 16.00 $ 172,422,720 NA $ 23,188,272 $  5281,076 $ 2,856,000 203,748,068
5b|Diesel Heavy Rail Transit, single track-6% Normal days (265) 37 12 444 100344 | $ 4.00 NA NA NA 507 507 266 3 799|$ 16.00 | $ 401,376 NA $ 60,029 | $ 12,787
Peak Days (75) 51 12 612 138312 | $ 4.00 NA NA NA 507 507 367 3 1102| $ 16.00 | $ 553,248 NA $ 82,742 | § 17,626
Holiday Peak Days (25) 85 12 1020 230,520 | $ 4.00 NA NA NA 507 507 612 3 1836/ $ 16.00 | $ 922,080 NA $ 137,904 | $ 29,376
Annual 15755 12 189060 42,727560 $ 4.00 NA NA NA 507 113436 3 340308 $ 16.00 $ 170,910,240 NA $ 24,960,624 $ 5444928 $ 2,856,000 204,171,792
6a|Diesel Heavy Rail Transit, double track-4% Normal days (265) 37 12 444 100,344 | $  4.00 NA NA NA 471 471 258 3 775($ 16.00 | $ 401,376 NA $ 55,766 | $ 12,402
Peak Days (75) 51 12 612 138312 | § 4.00 NA NA NA 471 471 356 3 1068| § 16.00 | $ 553,248 NA $ 76,867 | $ 17,095
Holiday Peak Days (25) 85 12 1020 230,520 | $ 4.00 NA NA NA 471 471 594 3 1781| $ 16.00 | $ 922,080 NA $ 128,112 | $ 28,492
Annual 15755 12 - 189060 42,727,560 $ 4.00 NA NA NA 471 110022 3 330067 $ 16.00 $ 170,910,240 NA $ 23,188,272 $ 5281076 $ 2,856,000 202,235,588
6b|Diesel Heavy Rail Transit, double track-6% Normal days (265) 37 12 444 100344 | $§ 4.00 NA NA NA 507 507 266 3 799|$ 16.00 | $ 401,376 NA $ 60,029 | $ 12,787
Peak Days (75) 51 12 612 138312 | $§ 4.00 NA NA NA 507 507 367 3 1102| $ 16.00 | $ 553,248 NA $ 82,742 | $ 17,626
Holiday Peak Days (25) 85 12 1020 230,520 | $ 4.00 NA NA NA 507 507 612 3 1836| $ 16.00 | $ 922,080 NA $ 137,904 | $ 29,376
Annual 15755 12 189060 42,727,560 $ 4.00 NA NA NA 507 113436 3 340308 $ 1600 $ 170,910,240 NA $ 24,960,624 $ 5444928 $ 2,856,000 204,171,792
7a|Electric Heavy Rail Transit, single track-4% Normal days (265) 37 14 518 118,104 |[$ 2.68 NA NA NA 6249 5,812 213 3 640|$ 16.00 | § 316,519 NA $ 43,006 | $ 10,242
Peak Days (75) 51 14 714 162,792 | $ 2.68 NA NA NA 6249 5,562 294 3 882|$ 16.00($ 436,283 NA $ 56,728 | $ 14,117
Holiday Peak Days (25) 85 14 1190 271,320 | $ 268 NA NA NA 6249 4,874 490 3 1471} $ 16.00 | $ 727,138 NA $ 82,862 | $ 23,528
Annual 15755 14 220570 50,280,960 $ 2.68 NA NA NA 6249 90854 3 272562 $ 16.00 $ 134,777,093 NA $ 17,292,608 $ 4,360,984 $ 2,856,000 159,286,685
7b|Electric Heavy Rail Transit, single track-6% Normal days (265) 37 14 518 117,068 [$ 2.68 NA NA NA 6842 6,363 213 3 640| $ 16.00 | § 313,742 NA $ 47,087 | $ 10,242
Peak Days (75) 51 14 714 161,364 |[$ 2.68 NA NA NA 6842 6,089 294 3 882| $ 16.00 | $ 432,456 NA $ 62,112 | $ 14,117
Holiday Peak Days (25) 85 14 1190 268940 |$ 268 NA NA NA 6842 5337 490 3 1471| $ 16.00 | § 720,759 NA $ 90,725 | $ 23,528
.l Arnnual 15755 14 49,848,820 | $ 268 NA NA NA 6842 90854 3 272562[ $ 1600 $ NA $ 18,933,583 | $ 2,856,000 159,745,415
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I1-70 PEIS Secondary Screening - FGT operating costs
Total Costs
Annual 50 year total Total cost
Track, Structure &
Track & Structure Track & Structure | Number est. life |Number of| Cost per est. life 50 year rolling Rolling stock | Signal Construction|  Electrification
Operating cost | maintenance cost Operating cost maintenance cost | of cars | Cost per car | (years) Locos Loco (years) stock cost maint. Facilities cost constructicn cost |Total Capital costs 50 Years Annualized
1a  Diesel Light Rail Transit, single track-4% $ 58,398,773 $14,448,510 §  2,919,938,667 $722,425,500 135 § 3,000,000 30  NA NA NA $ 675,100,000  $108,016,000  $1,300,000,000 NA $ 2083116000 $ 5,003,054,667 $ 100,061,093
1b Diesel Light Rail Transit, single track-6% $ 58,702,683 $13,743300 $  2,935134,133 $687,165,000 136 § 3,000,000 30 NA NA NA $ 679,400,000  $108,704,000 $530,000,000 NA $ 1,318,104,000 $ 4253238133 §  85064,763
1c Diesel Light Rail Transit, single track-Hwy $ 58,611,437 $13,746/450 §  2,930,571,867 $687,322,500 135 § 3,000,000 30 NA NA NA $ 675,100,000  $108,016,000 $470,000,000 NA $ 1.253,116,000 § 4,183,687,867 § 83673757
2a |Diesel Light Rail Transit, double track-4% $ 114,512,547 $24,743,610 | $  5,725,627,333 | $1,237,180,500 270( $ 3,000,000 30]  NA NA NA $ 1,350,200,000 | $216,032,000 |  $2,340,000,000 NA $ 3,908,232,000 | $ 9,631,859,333 | $ 192,637,187
2b |Diesel Light Rail Transit, double track-6% $ 115,120,365 $26,007,318 | $  5,756,018,267 | $1,300,365,900 272 $ 3,000,000 30] NA NA NA $ 1,358,800,000 | $217,408,000 $840,000,000 NA $ 2,416,208000 | $ 8,172,226267 | $ 163,444,525
2c |Diesel Light Rail Transit, double track-Hwy $ 114,937,875 $24743610 | § 5,746,893,733 | $1,237,180,500 270/ $ 3,000,000 30] NA NA NA $ 1,350,200,000 | $216,032,000 $740,000,000 NA $ 2306,232,000 | $ 8053125733 | 161,062,515
3a  Electric Light Rail Transit, single track-4% $  53,023875 $19,264,680 §  2,651,193,762 $963,234,000 132 '$ 2,600,000 40 NA NA NA $ 430,430,000  $105952,000  $1,300,000,000 §$ 210,000,000 §$ 2046382000 $ 4,697,575762 $ 93,951,515
3b  Electric Light Rail Transit, single track-6% $ 53,507,137 $18,324,400 §  2,675,356,844 $916,220,000 131 § 2,600,000 40  NA NA NA $ 424,840,000  $104,576,000 $530,000,000 § 210,000,000 § 1,269,416,000 $ 3,944,772:844 § 78,895,457
3c Electric Light Rail Transit, single track-Hwy § 53,437,955 $18,328,600 §  2,671,897,769 $916,430,000 131 § 2,600,000 40 NA NA NA $ 424,840,000  $104,576,000 $470,000,000 $ 210,000,000 $ 1,209,416,000 § 3881313769 § 77626275
4a |Electric Light Rail Transit, double track-4% $ 102,224,211 $32,991,480 | $  5,111,210,574 | $1,649,574,000 265| $ 2,600,000 400 NA NA NA $ 860,860,000 | $211,904,000 | $2,340,000,000 | § 400,000,000 | $§ 3,812,764,000 | $ 8923974574 | $ 178,479,491
4b_|Electric Light Rail Transit, double track-6% $ 103,081,933 $32,983,920 | $  5,154,096,652 | $1,649,196,000 261] $ 2,600,000 40 NA NA NA $ 849,680,000 | $209,152,000 $840,000,000 [ $§ 400,000,000 | $ 2,298,832,000 | $ 7,452,928,652 | $ 149,058,573
4c |Electric Light Rail Transit, double track-Hwy $ 102,956,839 $32,991,480 | §  5147,841,927 | $1,649,574,000 2611 $ 2,600,000 4] NA NA NA $ 849,680,000 | $2089,152,000 $740,000,000 | $§ 400,000,000 | $ 2,198,832,000 | $ 7,346,673927 | $ 146,933,479
5a Diesel Heavy Rail Transit, single track-4% $ 203,748,068 $14,448510 § 10,187,403,400 $722,425,500 503 $ 3,000,000 30 NA NA NA $ 2,515,500,000  $402,480,000  $1,300,000,000 NA $ 4,217,980,000 § 14,405,383 400 $ 288,107,668
5b  Diesel Heavy Rail Transit, single track-6% $ 204,171,792 $13,743,300 § 10,208,589,600 $687,165,000 519 § 3,000,000 30 NA NA NA $ 2,592,900,000  $414,864,000 $530,000,000 NA $ 3,537,764,000 $ 13,746,353,600 § 274,927,072
6a_|Diesel Heavy Rail Transit, double track-4% |$ 202235588 | $26,007,318 | $ 10,111,779,400 | $1,300,365900 | 503 $ 3,000,000 | 30 NA | NA NA | $ 2,515,500,000 | $402,480,000 |  $2,340,000,000 | NA | $ 5,257,980,000 | § 15,369,759,400 | $ 307,395,188
8b |Diesel Heavy Rail Transit, double track-6% |'$ 204,171,792 | $24,737,940 | & 10,208,589,600 | $1,236,897,000 | 519/ $ 3,000,000 | 3] NA | NA NA |8 2,592,900,000 | $414,864,000 | $840,000,000 | NA |'$ 3,847,764,000 | $ 14,056,353,600 | $ 281,127,072
7a Electric Heavy Rail Transit, single track-4% $ 159,286,685 $19,264,680 $  7,964,334,227 $963,234,000 485 $ 2,600,000 40 NA NA NA $ 1,574,982,500  $387,688,000  $1,300,000,000 § 220,000,000 §$ 3482670500 $ 11,447,004.727 $ 228,940,095
7b  Electric Heavy Rail Transit, single track-6% $ 159,745,415 $18,324,400 $  7,987,270,726 $916,220,000 485 § 2,600,000 40  NA NA NA $ 1,574,982,500  $387,688,000 $530,000,000 $ 220,000,000 § 2712670500 $ 10,699,941,226 § 213,998,825
8a_|Electric Heavy Rail Transit, double track-4% |$ 157,628,387 | $32,991,480 | $  7,881,419,371 | $1,649,574,000 |  485|$ 2,600,000 | 4] NA | NA NA | $ 1574982500 | $387,688,000 | $2,340,000,000 | $ 410,000,000 | $ 4,712,670,500 | $ 12,594,089,871 | $ 251,881,797
8b |Electric Heavy Rail Transit, double track-6% '$ 157920753 | $32983920 |$ 7,896,487,649 | $1,649,196000 | 485| $ 2,600,000 | 40 NA | NA NA |'$ 1574982500 | $387,688,000 | $840,000,000 | § 410,000,000 | $ 3,212,670,500 | $ 11,109,158,149 | $ 222,183,163
9a Diesel Loco. hauled Passenger RR, single track-4% stalled
9b Diesel Loco. hauled Passenger RR, single track-6% stalled
10a | Diesel Loco. hauled Passenger RR, double track-4% | stalled [ | | | | | | | | | | | | | |
10b | Diesel Loco. hauled Passenger RR, double track-6% ["stalled | | | | 1 ! l | ! ! ! ! | | !
11a Electric Loco. hauled Passenger RR, single track-4% stalled
11b Electric Loco. hauled Passenger RR, single track-6% stalled
12a IElectric Loco. hauled Passenger RR, double track-4% | stalled | | | | L | | | | | [ ] | | |
12b |Electric Loco. hauled Passenger RR, double track-6% | stalled | | | 1 | ! [ ] | I I I
13a Electric Multiple Unit Passenger RR, single track-4% $ 191,691,015 519,264,680 §  9,584,550,737 $963,234,000 353 § 2,800,000 40 - NA NA NA $ 1,234,100,000  $282,080,000  $1,300,000,000 § 220,000,000 §$ 3,036180,000 $ 12,620,730,737 § 252,414,615
13b Electric Multiple Unit Passenger RR, single track-6% § 192,552,238 $18,324,400 5  9,627,611,896 $916,220,000 357 $ 2,800,000 40 NA NA NA $ 1,249,150,000 = $285,520,000 $530,000,000 ‘§ 220,000,000 $ 2,284,670,000 $ 11,912,281,896 § 238,245,638
14a | Electric Multiple Unit Passenger RR, double track-4% | $ 190,125,597 |  $34,676,424 | $  9,506,279,856 | $1,733,821,200 | 353/ $ 2,800,000 | 40 NA | NA NA  [$ 1,234100,000 | $282,080,000 | $2,340,000,000 | $ 420,000,000 | $ 4,276,180,000 | $ 13,782,459,856 | $ 275,649,197
14b |Electric Multiple Unit Passenger RR, double track-6% '$ 190,000,067 | $32,983920 | § 9545453344 | $1,649,196000 | 353 $ 2,800,000 | 4 NA | NA NA [ $ 1,234,100,000 | $282,080,000 | $840,000,000 | $§ 420,000,000 | $ 2,776,180,000 | $ 12,321,633,344 | $ 246,432,667
15a Electric Conv. Monorail, double guideway-4% $ 199,991,746 $34,676,424 § 9,999,587,288  $1,733,821,200 791 $ 1,000,000 25 NA NA NA $ 1,582,400,000 - $632,960,000  $1,824,306,818 § 400,000,000 § 4,439,666,818 $ 14,439,254,106 § 288,785,082
15b Electric Conv. Monorail AGS, double guideway-6% $ 200,427,294 $32,983,920 $ 10,021,364,700  §$1,649,196,000 785 $ 1,000,000 25 NA NA NA $ 1570,933,333  $628,373,333  $1,735,265152 $ 400,000,000 $ 4,334,571,818 § 14,355936,518 § 287,118,730
15¢ Electric Gonv. Monorail AGS, double guideway-Hwy $ 199,972,372 $32,991,480 $  9,998,618,580  §1,649,574,000 780 $ 1,000,000 25 NA NA NA $ 1,550,466,667  $623,786,667  $1,735662,879 § 400,000,000 $ 4,318916212 § 14,317,534,792 § 286,350,696
16 |CIFGA Monorail (Highway only) | $ 279,057,777 |  $34,676,424 | $ 13,952,888,832 | $1,733,821,200 | 969 $ 1,200,000 | 25 NA NA NA  |$ 2326690909 | $775563,636 | $1,824,306,818 | § 400,000,000 | $ 5,326,561,364 | $ 19,279,450,195 | $ 385,589,004
17 |Moffat Tunnel to Winter Pk. Diesel Loco. hauled Psgr RR | $ 772,800 | NA ['s 38,840,000 | NA | 6/ $ 1,800,000 | 50] 2 | 4100000 | 50 |[$ 10,800,100 |  $4,800,000 | NA | NA s 15800100 [ § 54,240,100 | $ 1,084,802
18 Moffat Tunnel to Glenwood Diesel Loco. hauled Psgr RR 1,545,600 NA $ 77,280,000 NA 6 $ 1,800,000 50 2 4100000 50 $ 10,800,100 $4,800,000 NA NA $ 15,600,100 $ 92,880,100 § 1,857,602
AGS costs
Length (in feet) FGT COST SUMMARY - Alignment Dependent costs per mile per foot
Hwy 458215 $ 20,000,000 | $ 3,788
4% 481617
Single Track w/  |Double Track w/
6% 458110 Alignment passing sidings |crossovers AGS
factor for double 1.8
Maintenance costs, (per foot) Highway (>6% graq  $470,000,000 $740,000,000 | $ 1,735,662,879
Track & Signal $30 Corridor 6% (<6% ¢  $530,000,000 $840,000,000 | $ 1,735,265,152
Track, Sig. & Ele] $40 4% (<4% grades prj $1,300,000,000 $2,340,000,000 | $§ 1,824,306,818
R.S. Maint. Facil., (per car) $800,000
Fare Collection system $5,000,000

FGT Costs-r16
Total costs
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MAIN LINE OPERATIONS

Capiltal Costs

Capital (main line operations) Annualized Total
Vehicles (main line operations) Right of Way infrastructure Facilities Total Capital Vehicles ROW Facilities Annualized
Max Total Plus Unit Price Total Total Operations Transit Total 12 25 25 Life
Alternative  Description Type Vehicles 20% Cost Total Electrification Centers 4.0% 4.2% 4.2% Real Interest
i Bus and Improved Van in mixed traffic Mixed 97 116 $ 350,000 $ 40,600,000 - ]s - $ - $ 36,000,000 25,000,000 61,000,000 101,600,000 $4,300,000 $ - $4,000,000 $8,300,000
2 Diesel Bus in marked HOV lane, peak HOV/Transit 97 116 $ 350,000 $ 40,600,000 422,913,920 | $ - $ 422,913,820 | $ 36,000,000 25,000,000 61,000,000 524,513,920 $4,300,000 $ 27,600,000 $4,000,000 $35,900,000
3 Diesel Bus in marked HOV lane, both HOV/Transit 97 116 § 350,000 $ 40,600,000 487,510,880[$ - $ 487,510,880 { $ 36,000,000 25,000,000 61,000,000 589,110,880 $4,300,000 $ 31,900,000 $4,000,000 $40,200,000
4 Diesel Bus in separated HOV Lanes, peak HOV/Transit 97 116 $ 350,000 $ 40,600,000 682,903,2BD[$ - $ 682,903,280 | $ 36,000,000 25,000,000 61,000,000 784,503,280 $4,300,000 $ 44,600,000 $4,000,000 $52,900,000
5 Diesel Bus in separate transitway, peak HOV/Transit 97 116 $ 350,000 $ 40,600,000 $570,429,360 $ 570,429,360 | $ 36,000,000 25,000,000 61,000,000 672,028,360 $4,300,000 $ 37,300,000 $4,000,000 $45,600,000
6 Diesel Bus in separate transitway, both HOV/Transit 97 116 $ 350,000 $ 40,600,000 $682,903,280 $ 682,903,280 | $ 36,000,000 25,000,000 61,000,000 784,503,280 $4,300,000 $ 44,600,000 $4,000,000 $52,900,000
7 Diesel Bus in guided transitway, peak Guide 97 116 $ 350,000 $ 40,600,000 $457,384,680 $ 457,384,680 | $ 36,000,000 25,000,000 61,000,000 558,984,680 $4,300,000 $ 29,900,000 $4,000,000 $38,200,000
8 Diesel Bus in guided transitway, both Guide 97 116§ 350,000 $ 40,600,000 $537,560,120 $ 537,560,120 | $ 36,000,000 25,000,000 61,000,000 639,160,120 $4,300,000 $ 35,100,000 $4,000,000 $43,400,000
9 Diesel Bus in guided transitway, BRT stations Guide 97 116§ 350,000 $ 40,600,000 $549,560,120 $ 549,560,120 | $ 36,000,000 25,000,000 61,000,000 651,160,120 $4,300,000 $ 35,900,000 $4,000,000 $44,200,000
10 Dual Mode Bus in separate transitway, peak HOV/Transit 97 116 $ 1,000,000 $ 116,000,000 $570,429,360 $ 100,000,000 $ 670,429,360 { $ 36,000,000 25,000,000 61,000,000 847,429,360 $12,400,000 $ 43,800,000 $4,000,000 $60,200,000
11 Dual Mode Bus in separate transitway, both HOV/Transit 97 116 $ 1,000,000 $ 116,000,000 $682,903,280 185,000,000 $ 867,903,280 { $ 36,000,000 25,000,000 61,000,000 1,044,903,280 $12,400,000 $ 56,700,000 $4,000,000 $73,100,000
12 Dual Mode Bus in guided transitway, peak Guide 97 116 $ 1,000,000 $ 116,000,000 $457,384,680 100,000,000 $ 557,384,680 | $ 36,000,000 25,000,000 61,000,000 734,384,680 $12,400,000 $ 36,400,000 $4,000,000 $52,800,000
13 Dual Mode Bus in guided transitway, both Guide 97 116 & 1,000,000 $ 116,000,000 $537,560,120 185,000,000 $ 722,560,120 | $ 36,000,000 25,000,000 61,000,000 899,560,120 $12,400,000 $ 47,200,000 $4,000,000 $63,600,000
14 Dual Mode Bus in guided transitway, BRT stations ~ Guide 97 116 $ 1,000,000 $ 116,000,000 $549,560,120 185,000,000 $ 734,560,120 | $ 36,000,000 25,000,000 61,000,000 911,560,120 $12,400,000 $ 48,000,000 $4,000,000 $64,400,000
15 Electric Bus in separate transitway, both HOV/Transit 97 116 § 700,000 $ 81,200,000 | $1,038,160,080 235,000,000 $ 1,273,160,080 | $ 36,000,000 25,000,000 61,000,000 1,415,360,080 $6,400,000 $ 83,200,000 $4,000,000 $93,600,000
16 Electric Bus in guided transitway, both Guide 97 116§ 700,000 $ 81,200,000 $847,057,320 235,000,000 $ 1,082,057,320 | $ 36,000,000 25,000,000 61,000,000 1,224,257,320 $6,400,000 $ 70,700,000 $4,000,000 $81,100,000
17 Electric Bus in guided transitway, BRT stations Guide 97 116§ 700,000 $ 81,200,000 $860,557,320 235,000,000 $ 1,095,557,320 | $ 36,000,000 25,000,000 61,000,000 1,237,757,320 $6,400,000 $ 71,600,000 $4,000,000 $82,000,000
FEEDER OPERATIONS
(from feeder.xis/feeder ops)
Capital Annualized
(rounded)
Fixed Route
Vehicles
20% Total
21 128
Unit $ 275,000
Total $ 35310,000 $ 3,760,000
Ops Facilities 25 year life
Vail $ 7,500,000
Summit 6,500,000
Idaho/else 1,250,000
Total $ 15,250,000 $997,000
Other life=10 years
Electronics $ 3,191,000
Equipment 1,276,500
Total $ 4,467,500 $556,000
Total Fixed Route $ 55,027,500 $ 5,313,000
ADA Paratransit
Life
Vehicles 4 $ 3,124,000 $865,000
Equipment 10 $ 3,021,000 $376,000
Facility 25 $ 5,000,000 $327,000
Total ADA $ 11,145,000 $1,568,000
All Cap $ 66,172,500 $ _ 6,881,000
ADD Feeder for Trolley Bus Options Capital
Vehicles 31,200,000 $3,363,000
Facility and Other 9,500,000 $621,000
Total 40,700,000 $3,984,000
Total for TB Options $ 10,865,000
10f1
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Total Cost Summary

Main Line Operations Feeder Operations Totals
Total Capital Cost Annualized Operating Total Total Annualized Operations Annual Annual Total
Capital per mile Costs Annualized Capital Capital Operations Annual
Alternative Description Type
1 Bus and Improved Van in mixed traffic Mixed $ 101,600,000 $ 1,181,395 $8,300,000 $ 14,870,000 $23,170,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $15,181,000 $ 32,920,000  $48,101,000
2 Diesel Bus in marked HOV lane, peak HOV/Transit $ 524513920 $ 6,098,999  $35,900,000 $ 12,950,000  $48,850,000 | § 66,200,000 $6,881,000 $ 18,050,000 | $42,781,000 $ 31,000,000  $73,781,000
3 Diesel Bus in marked HOV lane, both HOV/Transit $ 589,110,880 $ 6,850,127  $40,200,000 $ 12,950,000  $53,150,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $47,081,000 $ 31,000,000  $78,081,000
4 Diesel Bus in separated HOV Lanes, peak HOV/Transit $ 784,503,280 $ 9,122,131 $52,900,000 $ 12,950,000  $65,850,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $59,781,000 $ 31,000,000  $90,781,000
5 Diesel Bus in separate transitway, peak HOV/Transit $ 672,029,360 $ 7,814,295  $45600,000 $ 12,950,000  $58,550,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $52,481,000 $ 31,000,000  $83,481,000
6 Diesel Bus in separate transitway, both HOV/Transit $ 784,503,280 $ 9,122,131 $52,900,000 $ 12,950,000  $65,850,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $59,781,000 $ 31,000,000  $90,781,000
7 Diesel Bus in guided transitway, peak Guide $ 558,984,680 $ 6,499,822 $38,200,000 $ 12,950,000 $51,150,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $45,081,000 $ 31,000,000 $76,081,000
8 Diesel Bus in guided transitway, both Guide $ 639,160,120 $ 7,432,094 $43,400,000 $ 12,950,000 $56,350,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $50,281,000 $ 31,000,000 $81,281,000
9 Diesel Bus in guided transitway, BRT stations Guide $ 651,160,120 $ 7,571,629  $44,200,000 $ 12,950,000  $57,150,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $51,081,000 $ 31,000,000  $82,081,000
10 Dual Mode Bus in separate transitway, peak HOV/Transit $ 847,429,360 $ 9,853,830  $60,200,000 $ 12,190,000  $72,390.000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $67,081,000 $ 30,240,000  $97,321,000
11 Dual Mode Bus in separate transitway, both HOV/Transit $ 1,044,903,280 $ 12,150,038  $73,100,000 $ 12,190,000  $85,290,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $79,981,000 $ 30,240,000 $110,221,000
12 Dual Mode Bus in guided transitway, peak Guide $ 734,384,680 $ 8,539,357  $52,800,000 $ 12,190,000  $64,990,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $59,681,000 $ 30,240,000  $89,921,000
13 Dual Mode Bus in guided transitway, both Guide $ 899,560,120 $ 10,460,001 $63,600,000 3 12,190,000 $75,790,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $70,481,000 $ 30,240,000 $100,721,000
14 Dual Mode Bus in guided transitway, BRT stations Guide $ 911,560,120 $ 10,599,536 $64,400,000 $ 12,190,000 $76,590,000 | $ 66,200,000 $6,881,000 $ 18,050,000 | $71,281,000 $ 30,240,000 $101,521,000
15 Electric Bus in separate transitway, both HOV/Transit $ 1,415,360,080 $ 16,457,675  $93,600,000 $ 8,660,000 $102,260,000 | $ 106,872,500 $10,865,000 $ 31,050,000 | $104,465,000 $ 39,710,000 $144,175,000
16 Electric Bus in guided transitway, both Guide $ 1,224,257,320 $ 14,235,550 $81,100,000 $ 8,660,000 $89,760,000 | $ 106,872,500 $10,865,000 $ 31,050,000 | $91,965,000 $ 39,710,000 $131,675,000
74 Electric Bus in guided transitway, BRT stations Guide $ 1,237,757,320 $ 14,392,527 $82,000,000 $ 8,660,000 $90,660,000 | $ 106,872,500 $10,865,000 $ 31,050,000 $92,865,000 $ 39,710,000 $132,575,000
Total Capital Cost
Sorted by Capital Costs per mile Capital per mile
1 Bus and Improved Van in mixed traffic Mixed $101,600,000 $1,181,395
2 Diesel Bus in marked HOV lane, peak HOV/Transit $524,513,920 $6,098,999
7 Diesel Bus in guided transitway, peak Guide $558,984,680 $6,499,822
3 Diesel Bus in marked HOV lane, both HOV/Transit $589,110,880 $6,850,127
8 Diesel Bus in guided transitway, both Guide $639,160,120 $7,432,094
9 Diesel Bus in guided transitway, BRT stations Guide $651,160,120 $7,571,629
5 Diesel Bus in separate transitway, peak HOV/Transit $672,029,360 $7,814,295
12 Dual Mode Bus in guided transitway, peak Guide $734,384,680 $8,539,357
4 Diesel Bus in separated HOV Lanes, peak HOV/Transit $784,503,280 $9,122,131
6 Diesel Bus in separate transitway, both HOV/Transit $784,503,280 $9,122,131
10 Dual Mode Bus in separate transitway, peak HOV/Transit $847,429,360 $9,853,830
13 Dual Mode Bus in guided transitway, both Guide $899,560,120 $10,460,001
14 Dual Mode Bus in guided transitway, BRT stations ~ Guide $911,560,120 $10,599,536
11 Dual Mode Bus in separate transitway, both HOV/Transit $1,044,903,280 $12,150,038
16 Electric Bus in guided transitway, both Guide $1,224,257,320 $14,235,550
17 Electric Bus in guided transitway, BRT stations Guide $1,237,757,320 $14,392,527
15 Electric Bus in separate transitway, both HOV/Transit $1,415,360,080 $16,457,675
5/29/01 RTToperations2 Total Cost Summary g:200\1629\2ndScreening




VBTG swasAguel]

s1s00 oY Zsuoessdal | Y LIGEIS

69'956'L8L'F § OF
IS'SER' LSRG § 91
COHS'RLY § ¥

153 1503 URRIM P

11y phay |2 S3|B1LSa Uo PISEY IS0 YIPAL

0000000518 TIANNNL 3

000'000°8S TINNNL L
D00°065'98 wb uf paq
000'005'F$ oz peg
000'005" LS Lyg
000'00es duey dis
153 1500 adiy
S31ON
0ZE'£55'098% OZE'LSSEF3S | 000'000'ZIZS [b b 6 [ 6 0 000'¥95'9. 9L SUDIE)S L N 0 "SUCUDRIP Lioq “Aemyisuer papmi vt sng ouioai3 [ [4L
0ZE'L50'Lras 0Ze'/ecoras | 000'00586LS |1 ! B 0 [ 0 000°596'9 [ yjoq "femyisuey) papinb vt sng ojea3 6L |9l
080091 9E0° LS 020'009° 6288 0o0'oos'esls |1 L & 0 [] [] 000'0L0'6 b yioq 'Memjrsuely ajeredos ) sng ojoaj3 6L |51
021095 654 oZL'oaz'esrd | ooo'ooe'ost o L 2 0 B I [ SUO(IEIS L@ M "suopoalip yiog Aemyisues) papinb ul sng apop 1ena kL [kl
0Z}'008" LES 0Z}'09Z'E6S COD'00E'PEE [0 L 2 0 [ 1 000#9E'9  § |92 yoq "Fempsued) papinB Uy sng epo jeng €1 [E1
0B9'FEE L5 0B0°FOE96ES | 000'0Z01eS [0 b 0 8 0 1 0009855 S vl wead "lejqsianal) lemysued) papinG ul sng apop ena Z1L [Z1
082 €06 2895 0pz'E0g'ee9s [ ooo'ooE’krS [0 b B 0 [ + 000°9L06 S |FP 4o “Aesyisues) ajeiedos ursng spopy [eng L1 B8
09E'6ZF 0L5% 09E'607'60S5 | 0DO'0Z08S |0 b 0 8 [ I oo0ZEEL S |82 yead [@|qsianad) Aerysued) ajesedas Ul sng apoj 1ena 01 ok
0Z1'095°6¥53 0ZL'09Ze6r$ | 0D0'00ESSE [0 1 E i B [ 000¥969 S |92 SUCIEIS g /M "sudaanp iyjoq “lemysuen papink ul sng (9540 & 6
021005 105% 0ZL'09Z°c6¥€ | DO0ODERFS |0 b B 0 ] 1 000¥960 & |9 \jjoq Reagisuel pepint Ui sng 195310 8 B
029 F9E 1593 ogg'recoeet | ooo'o2onios o b 1] ] 0 [ 000'065C & [l ¥eod "(@|qisiaaa1] REMMISUET papinG Ul sng (35310 L L
092'c06 2993 ogZ'e0g'eead [ ooo'ooe’rRsS O b 8 0 0 ! 0009106 S [vF yieq "[ouged) Kesomy) Aesrsue) sjeredes ul sng (@590 9 E]
09€' 627 0LG% 09E'60¥'G0SS | 0DODZ0'108 [0 I ] 8 0 ! 0o0ZsLL  $8e wead ‘[apqsianai) Aemjisue) ajesedas Ul sng 858k S 3
09Z €06 2995 0BZ'E09'8E9S | DOD'ODERFS |0 I g 0 0 L 0009106 B WERd (ejgIsianal] SeUe | NQH Paleiedes Ul sng [eseid I ¥
099'015'L8¥S 08901 LLvS [ ooo'oorois o [ ] 0 0 B 000'9EL'S ¥z yjoq "auey AQH payeil Lt Sng [8s3k] £ 3
0ZE 16 ZLrS 0Z6ELSZHFS | DOO'ODFOLS |0 1 0 0 0 B 000285 R yead (w04 Enuo]) (ajqissanay) aue] ACH PSyiew Ul sng [3s3t] Z z
[ [5 0% 0 0 0 [ o [& ~ 0 JUJE| PaXAL U Uepy, paroidi) pue sng | i
TWLOLl E1E6IoER 0L Sis00| 000'000'05ES| 000'000'8S| ==000'065'9%| ==2000'005'¥4| 22000'005' +E]  "E2000'00ES| P SOOI YIBIM] P PEppY uoiduasag aniELRY LT
D SO WPIN | Pun o IBlo L ® B aiog D sdwey @ sdwey @ Lug| O sdwey dyg
aog [puun] | jpuung umi| paBueyosaj| z aBueyarau
JSMOLUATI2 pejeaipaq pajespag)




4124101 RTToperations2 Operations Stats

RTT Operations Plan
Paitemn RT Running Times (Hours) [ Ave Frequency | Vehicles in Service T Max Vehs for Frequency I Annual Revenue Hours'
Origin Davs/Year Mixed HOV Guide Equide Max B:ul Max Base Max/Base Mixed HOV Guide  Equide|  Mixed HOV Guide  Equide
Aoprox Spaed 5 51 5 [ (Froa)
DA A # TG i i
Hofiday Peak 25
1 74 148 33 28 27 1.5 20 30 3 2 67% 9 8 8 4 3,000 2,667 2,667 1333
2 92 184| 4.1 3.6 34 21 20 30 10 6 67%) 12 10 10 6 4,000 3333 3333 2,000
3 80 180 4.0 35 a3 20 20 30 5 3 67%) 12 10 10 8 4,000 3333 3333 2,000
4 118 26 5.2 46 44 29 20 30 35 2 67% 15 13 13 8 5,000 4333 4,333 2,667
53 48 41 41 24 16.000 13,667 13,667 8,000
Peak 75
1 62 124] 28 24 23 1.1 30 60 1 1 50% 5 4 4 2 4125 3,300 3,300 1650
2 92 184 4.1 36 34 21 30 60| 8 4 50%) 8 7 8 4 6.600 5,775 4,950 3300
3 80 180 4.0 35 33 20 30 60 3 1 50%| 8 7 8 4 6.600 5,775 4,950 3,300
4 118 236 5.2 4.8 44 29 30 60 23 11 50%| 10 9 8 5 8,250 7.425 6.600 4125
35 31 27 24 151 25575 22275 19800 12375
Normal 265
1 62 124 28 24 23 1.1 60 60| 1 1 100% 2 2 2 1 9,540 9,540 9,540 4,770
2| %0 180 4.0 35 33 20 60 60 1 1 100% 4 3 3 2] 19,080 14310 14310 9,540
3 92 184 41 3.6 34 21 60 60 3 3 100% 4 3 3 2{ 19,080 14,310 14,310 8,540
4 118 236 5.2 4.6 44 29 60 60, 11 11 100% 5 4 4 2] 23850 19.080 18,080 8,540
16 15 12 12 71 71550 57,240 57.240 33,390
DIA Totals 365 53 113.125 93,182 80.707 __ 53,765
c470 i
Hofiday Peak 25
1 62 124 28 24 23 21 20 30| 5 3 67% 8 7 8 ] 2.667 2,333 2,000 2,000
2 60 120 27 24 22 20 20 30 3 2 67%| 8 7 § 6 2,667 2333 2,000 2,000
3 88 176 38 35 33 29 20 30 19 12 67%) 11 10 8 8 3,667 3333 3.000 2,667
27 27 24 21 ] 201 9,000 8000 7000  6.867
Peak 75
1 82 124 28 24 23 21 30 60 3 1 50% 5 4 4 4 4,125 3,300 3.300 3.300
2 60 120 27 24 22 20 30 60 2 1 50%, 5 4 4 4 4,125 3,300 3.300 3.300
3 88 176 3.9 35 a3 28 30 60 12 8 50% T ] 8 5 5,775 4,850 4.950 4,125
17 17 14 147 13 14,025 11,550 11550 10,725
Normal 265
1 60 120 27 24 22 20 60 60| 1 1 100%| 2 2 2 2 9.540 9,540 8,540 9,540
2 88 176 39 38 33 29 60 80 7 7 100% 3 3 3 2 14.310 14,310 14310 9,540
8 5 5 5] 4 23,850 23850 23,850 19,080
C-470 Totals 27 46,875 43400 42400 36472
Central Donver i
Hofiday Peak 25
1 35 70 1.6 14 1.3 0.7 30 €0 3 1 50% 3 2 2 1 825 550 550 275
2| 58 118 26 23 22 1.5 30 60 1 1 50%, 5 4 4 2 1,375 1,100 1.100 550
3 75 150 33 28 28 2.0 30 60 2 1 50%) 6 5 5 4 1.650 1375 1375 1,100
4 103 208 4.6 4.0 38 2.8 60 60| 11 11 100% 4 4 3l 2 1,800 1,800 1,350
17 i8 15 14 9 5,650 4,825 4.375 2,825
Peak 75
il 35 70 1.6 14 13 Q.7 60 60| 2 2 100% 1 1 1 1 1,350 1,350 1,350 1,350
2| 58 18 26 23 22 15 60 60 1 1 100% 2 2 2 1 2,700 2,700 2,700 1,350
3 75 150| 33 28 28 20 60 60| 1 1 100% 3 2 2 2 4.050 2,700 2,700 2,700
4 103 206 4.6 4.0 38 29 60 60 7 7 100% 4 4 3 2 5400 5400 4.050 2700
11 10 8 8 8 13,500 12,150 10.800 8,100
Normal 265
1 59 118 26 23 22 15 120 120 1 1 100%| 1 1 1 1 4770 4,770 4770 4,770
- 75 150 33 28 28 20 120 120 1 1 100% 1 1 1 1 4,770 4,770 4,770 4,770
3 103 208 46 4.0 3.8 29 120 120 3 3 100%} 2 2 1] 1 8,540 9.540 4,770 4770
E 5 4 4 3] 3 18,080 19.080 14,310 14,310
| |
Central Denver Totals 17 38,230 36,055 20485 25235
Grand Totals 198,230 172,637 162,592 115472
Named Cells i Speed Impact if Buses in Mixed Traffic
at Eisenhower Tunnel
Distance (milos)
item code Hours To  Loveland/ Total
Origin Lovetand Vairr
Hofiday Pe: hol 25| Max 4
Peak peak 75 | Base 14
Normal nom 265 | Total 18
Average Corridor Speeds
Mixed HOVTW Guide
Speeds losf 36 DIA 45 52 55
mixed 45
hov 51 C470 45 51 53
auide 54 i
equide 50 > Cent Demrver 45 55
[original values Tiosf 30 —=a
mixed 45 |reflacted in these speeds *mixed traffic west of Eisenhower (east portal)
hov 55 \
guide 60 2020L08 - AT (5
Seament LOS Distance Distance
EIF CID.
Evorgreon/C470 EF 9.0 8.0
Floyd Hil/Evergroan D 4.5 45
Eisonhower to F.Hill EF RS 335
Frisco fo Eisenhowor EF 8.0 8.0
Vail to Frisco co 26.0 260
Totals 81.0 50.5 30.50
1 62%  38%
¥

1off

Diesel

Diesel

Fuel Consumption Mieage
Mainline Feeder
Veh Hrs Speed Hiles Revenue Hrs Veh Hrs. Speed Mies Total
Application Rev Hrs 3% 70 Troftey Total 20% Mies
Diesel Mixed 188,230 263,846 45 11,884,066 270,380 270380 324.456 20 6.489,120 18,353,186
HOoVATW 172,637 229,607 51 11.709.945 270,380 270,380 324.456 20 6.489,120 16,199,065
Guide 172,637 229,607 51 11,700,845 270,380 270,380 324,456 20 6,489,120 18,189,065
Dual HOVITW 162,582 218,247 54 11,677,334 270,380 270,380 324,456 20 6.489,120 1B,166.454
Guide 162,592 216,247 54 11.677.334 270,380 . 270,380 324456 20 6.480,120 18,166,454
Electric  HOV/TW 115,472 153,577 80 9,214,639 270360 132915 403,285 . 28 13,666,533 22,881,172
Guide 115,472 153,577 60 9.214,638 270380 132,915 403,285 483,954 28 13,666,533 22,881,172
Miles Fuel
Mz Feeder Total Galions Kwir
lication Diesel Blectric Diesel Diesel Electric 45 5
Diese! Mixed 11,864,066 6,489,120 18,353,186 =< 4,080,000 -
HOVITW 11,708,845 6,489,120 18,199,085 - 4,040,000 -
Guide 11,708,945 6.4898,120 18,189,085 - 4,040,000 -
Dual HOVITW 4,897.581 6,779,743 6,488,120  11.386.711 6.778,743 2.530,000 33,800,000
Guide 4,897,581 6778743  6480.120 11386711 6,778,743 2.530,000 33,800,000
Electric  HOV/TW - 9,214,639 13,666,533 13,666,533 9,214,638 3,040,000 46,070,000
Guide - 9,214,639 13,666,533 13,666,533 9,214,630 3.040,000 46,070,000
Dual Allocation of electric/diesel
Segment DIA__ Cen Denver 470 wid % w4
ta C470 30 15 0 18 15%
€470 to Eisenhower 74 74 74 74 58%
Eisenhower Vail 34 34 34 34 27
138 123 108 127 100%
56% 18% 26%
v Hrs %
DIA 80,707 56%
Cen Den 28,485 18%
c470 42,400 26%
162,592 100%
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Basic Source: David Phillips, TSC-Chicago

file: rail fine 5.xis

2020 Rail Line Flows {peak day)

Boardings and Alightings

Net on Board Rieck changes:
WB flow, Westbound Rail Line PH Offs  On-Board Peak Hr  Peak Hr (PH) PH Cumm PH Offs Ridership By Origin** Other Peak Hour Load Eastbound Rail Line
peak hour DIA Central Den C470 Average Divided by 3
Link FROM_MP TO_MP FLOW WB Flow EB Flow STOP ON OFF 30% cumm 30% cumm (ons) Ons 55% 30% 20% 60% ON OFF
DIA to Gateway 0.00 10.19 475 300 90 175 DIA 300 - 300 90 90 90 60 60 0 175
Gateway to Stapleton 10.19 18.26 1697 1,050 315 647 Gateway 752 3 1,050 315 315 405 210 210 4 476
Stapleton to Downing 18.26 21.96 4048 2,236 671 1,812 Stapleton 1,192 [} 2,236 671 671 1,076 447 447 8 1174
Downing to DUT 21.96 23.89 4842 2,728 818 2,114 Downing 538 45 2,728 818 818 1,894 546 546 42 344
DUT to Wadsworth / I-76 23.89 32.31 24509 12,603 3,781 11,906 DUT 10,521 646 12,603 3,781 3,781 5675 2,521 2,521 497 10289
Wadsworth to Golden 32.31 40.57 25550 13,216 3,965 12,334 Wadsworth 1,509 896 269 13,216 3.965 3.965 9,640 121 2,643 2.643 927 1355
Golden to Evergreen 40.57 49.98 27231 13,926 4,178 13,305 Golden 1,013 304 91 13,926 4178 4,178 13,818 91 2,785 2,785 262 1232
Evergreen to US 6/ 1-70 49.98 56.54 27170 13,896 4,169 13,274 Evergreen* } 118 147 44 13,896 4,169 4,169 17,986 24 20 2,779 2,779 147 116
US 6 to Idaho Springs 56.54 61.69 27187 13,905 4171 13,282 uUs 6* 10 2 1 13,905 4,171 4,171 22,158 0 0 2,781 2,781 2 11
Idaho Springs to Empire 61.69 69.66 26723 13,675 4,103 13,047 Idaho Springs 51 280 84 13,675 4,103 4,103 26,260 46 38 2735 2,735 282 47
Empire to Loveland 69.66 85.80 26601 13,612 4084 12,989 Empire* 18 81 24 13,612 4084 4,084 30,344 13 11 2722 2,722 79 21
Loveland to Keystone 85.80 95.43 25899 13,261 3,978 12,638 Loveland 121 472 142 13,261 3,978 3,978 34,322 78 64 2,652 2,852 471 120
Keystone to Silverthorne 95.43 102.94 23523 11,905 3,571 11,618 Keystone 260 1,616 485 11,905 3,571 3,571 37,894 267 73 145 2,381 2,381 1334 815
Silverthorne to Frisco 102.94 105.99 22278 11,276 3,383 11,003 Silverthorne 127 756 227 11,276 3,383 3,383 41,277 125 34 68 2,255 2,255 737 122
Frisco to Copper Mountain 105.99 113.28 18532 9,531 2,859 9,001 Frisco 320 2,065 620 9,531 2,858 2,859 44136 341 93 186 1,908 1,906 2218 217
Copper Mountain <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>