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BOARD MEMORANDUM
TO:

Santa Clara Valley Transportation Authority
Policy Advisory Committee

THROUGH:

General Manager, Nuria I. Fernandez

FROM:

Director - Planning & Programming, Chris Augenstein

SUBJECT:

Google North Bayshore Transportation Access Study - Draft Report
FOR INFORMATION ONLY

BACKGROUND:
The North Bayshore Transportation Access Study was conducted as a partnership between the
Valley Transportation Authority (VTA) and Google (Alphabet, Inc.). It was designed to evaluate
the feasibility and efficiency of transit connection with the VTA Bayshore/NASA Light Rail
Transit (LRT) Station, and thereby establishing a new transportation / mass transit corridor to
into the North Bayshore area. Attachment A provides the full draft report.
The purpose of this study was to identity two to three potential high-capacity transportation
concepts to be carried forward and studied in more detail. The North Bayshore area has seen
significant employment growth over the past 15 years, and additional employment and
residential growth is planned for the future. Currently, there is no high-capacity public transit
serving the North Bayshore area and many employers provide employees with premium private
shuttle service.
While the initial focus of the study was to gauge the feasibility of providing an LRT extension,
the study scope was expanded to evaluate a broad range of other potential transportation
technologies including streetcar, bus, Bus Rapid Transit (BRT), aerial guideway technologies,
and Autonomous Driving Systems (ADS) / Connected Vehicle (CV) technologies. Note: for the
purpose of this memo Autonomous Driving Systems (ADS) / Connected Vehicle (CV)
technologies will be referred to as Autonomous Vehicles (AVs).
After initiation of this study, the City of Mountain View announced its intention to conduct an
Automated Guideway Transit (AGT) Study to look at connecting the North Bay Shore area with
the Downtown Mountain View Transit Center. This study was informed by and aligned with that
study.
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DISCUSSION:
This study scope was divided into a four-step evaluation process: 1) Technology Screening; 2)
Alignment Screening; 3) Preliminary Alternatives Screening, and 4) Final Alternatives
Evaluation. Using a process of successive evaluations and consultation with project stakeholders,
the study team eliminated options that were either infeasible or performed poorly in terms of
meeting the study goals. The study goals include:
•

Maximize ridership potential by serving existing and proposed development.

•

Provide a cost-effective transportation solution.

•

Minimize or avoid environmental impacts, and specifically impacts to Stevens Creek and
burrowing owl habitats.

•

Avoid impacts to critical NASA facilities and Army Reserve Areas.

•

Provide flexibility to expand any new transportation connection to serve future travel
demands and optimally integrate with complimentary projects.

•

Evaluate new and emerging technologies and creative strategies to improve traditional
transportation modes (such and bus and rail), and implement new forms of transportation.

•

Develop phased implementation strategies that can deliver benefits near-term while defining
and developing long-term improvements.

Study Steps
Step One - Technology Screening evaluated of a broad range of transportation technologies, and
assessed their suitability for meeting the study goals. Over 30 technologies in total were
evaluated on how well they met the study criteria which included factors such as carrying
capacity, scalability, reliability, and environmental factors. Out of the studied technologies, only
three met all of the study criteria: LRT/Streetcars, Bus/BRT, and AV Technologies.
Step Two - Alignment Screening evaluated a wide range of potential alignments that could
provide a new connection from the existing VTA LRT station at Bayshore/NASA to North
Bayshore. These alignments were evaluated on a number of criteria including constructability,
cost, land use impacts, and environmental impacts. After this analysis, four alignments were
carried forward; two based on an RT Jones Road alignment and two based on an alignment
Highway 101. A map of these alignments is provided as Attachment B.
Step Three - Preliminary Alternatives Screening combined the three technologies from step one
and the four alignments from step Two into a set of twelve alternatives. These alternatives were
evaluated on additional criteria including cost effectiveness, estimated right-of-way acquisition,
potential speed and frequency, and sensitive receptor impacts. Of these 12 alternatives only 4
were found to warrant further analysis, AV’s on the Highway 101/North Bayshore Alignment,
and AV’s, LRT, an Bus/BRT on the RT Jones Road Alignment.
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Step Four - Final Alternatives Evaluation took the four alternatives identified in Step Three and
developed more specific capital cost estimates, operating parameters, and recommended phasing
plans for improvements. All of the alternatives considered in Step Four had already been
screened for initial feasibility as part of Step Three, therefore the Step Four alternatives were
evaluated more generally based on how well they could potentially meet the following primary
evaluation criteria:
•

Cost Effectiveness and Feasibility

•

Enhance Mobility and Access

•

Minimize Impacts and Support Community Goals

In the end, three potential alternatives (i.e., transportation technology plus alignment) are
recommended for further study.
In the near term, this study recommends a hybrid option of Buses and AVs on the RT Jones
Alignment. Beginning with traditional bus technologies would allow for a mass transportation
service to be implemented in the near term, and then AVs (both public and private) could
gradually be phased in while the initial buses serving this corridor would be gradually phased
out. This study acknowledges that AV technology is not currently ready to allow for a fully
autonomous, no human intervention required, AV network for mass transportation. However,
AV technology, and the necessary supporting policy frameworks, is advancing very rapidly, and
AV technologies could offer significant safety and efficiency even without fully autonomous
operations.
In the long term, this study recommends AVs along the RT Jones alignment, or LRT if the
demand warrants the need for higher capacity vehicles. However, it should be noted that an LRT
option may result in slower operating speeds, higher ongoing operating and maintenance costs,
and more restrictive operating flexibility and scalability, than the phased implementation
strategies offered by a bus / AV option.
In the long term, AVs could also offer a number of operational and infrastructure related benefits
to the North Bayshore area. Guideways or corridors built specifically for AV operations could
allow for narrower travel lanes, less intrusive lighting, and other potential changes which could
maximize operational efficiency, offer a highly competitive alternative to single occupant
vehicles, and reduce environmental impacts to sensitive habitats. Further study of the AV
alternative serving the Highway 101 adjacent alignment is also recommended. As the land use
and travel needs of this area change additional mass transportation technologies and alignments
may be needed to serve this area.
The study also recognizes that increasing demand over time, potential changes in rail operations
(such as automation), and possibly other changes to VTA’s LRT network, may ultimately
warrant the high capital and operating costs of a new LRT line. Additional study of rail options
could better estimate the need for and value of extending LRT into the North Bayshore Area.
Additionally, a series of infrastructure improvements are recommended to serve the future needs
of the Project area. Infrastructure improvements include: A bridge crossing of Stevens Creek
Page 3 of 4
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connecting Charleston Road and Allen Road, and transit centers at the Bayshore/NASA LRT
station and Moffett Boulevard Interchange.
At the committee meeting, staff will provide a presentation of the study process and findings.
While the report is presented for information, comments and feedback are welcomed.
Next Steps
Google will review the study findings and recommendations and will determine how to move
forward with additional design and engineering.
Prepared By: Chris Augenstein
Memo No. 6137
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Prepared by the Valley Transportation Authority (VTA), in conjunction
with the City of Mountain View
Sponsored by Google, Inc.
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1. INTRODUCTION
The North Bayshore study area is located in northern Santa Clara County, primarily within the
jurisdiction of the City of Mountain View. It is characterized by an intense concentration of hightech jobs, and is the home of Google, LinkedIn, Inuit, and other high-tech companies. It is a
rapidly growing and geographically isolated area with limited transportation access, and serving
this area with traditional fixed-route public transit is especially challenging. Due to substantial
and rapid job growth over the last ten years, this area experiences a high level of traffic
congestion, both getting into the area and circulating within the area. With the ongoing job
growth and potential addition of thousands of new housing units, transportation will continue to
be a major concern if new travel options are not identified and implemented.
This study was initially designed to evaluate the feasibility and efficiency of bringing Light Rail
Transit (LRT) into the North Bayshore area through a connection with the VTA Bayshore/NASA
Light Rail Station and the North Bayshore area, with a terminus focus on the intersection of
Charleston Road and North Shoreline Boulevard. However, in the event that Light Rail was found
to be infeasible, or impractical, a broad range of other potential transportation technologies were
evaluated including streetcar, bus, Bus Rapid Transit (BRT), aerial, and autonomous/connected
vehicle (AV) technologies. This report explains the process and outcomes of the evaluation
undertaken as for this study, and provides recommendations for concepts that should be
considered and studied further.
Traditional mass transit such as LRT, BRT, and Personal Rapid Transit (PRT) systems require some
form of exclusive, dedicated guideway, and all PRT systems require a completely separate system
(i.e., they can’t operate on traditional road or rail lines) and special vehicles to traverse that
guideway. Because of these limitations of traditional technologies, it became clear early in the
study process that using AVs as a mass transportation solution should be evaluated in the study.
The evaluation of AVs in this study is based on the assumptions that AVs can 1) be implemented
gradually; 2) operate on a traditional street network or on dedicated guideways; 3) transport
passengers directly to their ultimate destinations, and 4) operate in groups or “consists1” that
would provide operating efficiencies and benefit from some form of exclusive/dedicated
operating environment.

1

The rolling stock of a railroad, exclusive of the locomotive, making up a train
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Moreover, for the purposes of this study AVs are assumed to be “smart” vehicles which are
capable of recognizing, communicating and linking (to share operational and other information)
with other nearby vehicles in common corridors. This study assumes that ultimately AVs will be
capable of communicating key data with other vehicles such as speeds, upcoming hazards, and
proximity to other vehicles and surroundings, and other capabilities needed for safer and more
efficient operations. In addition, these vehicles could also operate as an on-demand service
where vehicles could be requested at specific times and locations for pick up and drop off service.
This would allow shared operations with other modes, seamless integration with smart parking
systems, and other advanced operating features.

1.1.

Study Purpose and Need

The purpose of this study was to identity two or three potential high-capacity transportation
concepts that would connect North Bayshore (the intersection of Charleston Road and North
Shoreline Boulevard) and the Bayshore/NASA VTA Light Rail Station. Should VTA and its partners
decide to further pursue transportation improvements in this area, the outcomes of this study
will form the basis for further, more detailed studies and analyses that could result in project
development, construction, and operations.
The North Bayshore area has seen significant employment growth over the past 15 years, and
additional employment and residential growth is planned for the future. Currently, there is no
high-capacity public transit serving the North Bayshore area. Employers provide employees with
private shuttles and there is limited local public bus and shuttle service. Given the limited public
transit options currently available in the North Bayshore area, the continuing growth in North
Bayshore, and the future LRT connection to BART in Milpitas, the time is right to consider options
for high-capacity transportation improvements between North Bayshore and areas to the south
and east.

1.2.

Study Goals and Process

The primary goals for a new, high-capacity transportation improvement connecting North
Bayshore with the Bayshore/NASA VTA light rail station were defined as follows:


Maximize ridership potential by serving existing and proposed development.



Provide a cost-effective transportation solution.
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Minimize or avoid environmental impacts, and specifically impacts to Stevens Creek.



Avoid impacts to critical NASA facilities and Army Reserve Areas.



Provide flexibility to expand any new transportation connection to serve demands that
may arise in the future and optimally integrate with complementary projects.



Evaluate new and emerging technologies and creative strategies, to modify / improve
traditional transportation modes (such and bus and rail), implement new forms of
transportation - such as partially and fully automated cars and buses, and personal
transport vehicles such as peddle and powered bicycles.



Develop phased implementation strategies that can deliver benefits near-term while
defining and developing more long-term improvements.

1.3.

Study Area

The main focus of the study was on potential high-capacity transportation connections between
the Bayshore/NASA VTA Light Rail Station and the intersection of Charleston Road and North
Shoreline Boulevard. However, early in the process the study area was broadened to include the
North Bayshore Precise Plan Area, the NASA/Ames Research Center (including Moffett Airfield),
bordered by Stevens Creek, US 101, and Enterprise Way. Figure 1.1 shows the study area.
This study also considered expanding the scope to include the Moffett Park vicinity and the
Downtown Mountain View Transit Center. However, it was decided that the study area should
remain as originally defined with one exception; that an alignment via Java Drive / Lockheed
Martin Way traversing north of the Moffett Field runway be included in the initial alignment
conceptual analysis.

FINAL DRAFT REPORT
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1.4.

Project partners/stakeholders

Project stakeholders include VTA, the City of Mountain View, Google, Microsoft, LinkedIn, and
Intuit. In addition, a Technical Working Group was formed to provide project input during various
phases of the study. The Working Group consisted of the stakeholders listed above and added
the Audubon Society, and NASA/AMES. The Working Group met three times during the course
of this study, and conducted field studies of the study area.
Project Partners and Stakeholders









Valley Transportation Authority (VTA)
City of Mountain View
Google (Alphabet, Inc.)
Microsoft
Intuit
NASA
Silicon Valley Audubon Society
Fehr & Peers

Stakeholder Meeting Dates




November 3
November 18
December 20
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2. NORTH BAYSHORE EXISTING CONDITIONS
2.1.

Geographical Setting

The study area’s geographical limits include a northern boundary of park and wetland, an eastern
boundary of Federal lands and the NASA/AMES Research Facilities / Moffett Federal Airfield, and
to the south and east the Highway 101 corridor. Due to the combination of these geographical
constraints, difficult street configuration, limited access points, and distance from core transit
services (Caltrain commuter rail, VTA light rail, and core bus lines), this area has historically been
difficult to serve with traditional fixed-route public transit. Also of note is the presence of the
Shoreline Amphitheatre and Shoreline Golf Links to the north. The latter were not addressed in
this study due to the generally intermittent and off-peak nature of trip demand for these
facilities.

2.2.

Transportation Network

VTA Light Rail and Caltrain stations are located in Downtown Mountain View, about two miles
south of the center of the study area at Charleston Road and North Shoreline Boulevard. The
Bayshore/NASA Light Rail station is located in the southeastern section of the project area, at
approximately the same distance as the Mountain View Transit Center.
Bike and Pedestrian access to the area is available via the Stevens Creek and Permanente Creek
Trails. There are also planned Bike/Pedestrian improvements to North Shoreline Blvd., as
identified in the City of Mountain Shoreline Boulevard Corridor Study (2014) and the North
Bayshore Precise Plan (2014).
The street network design complicates roadway access options, and there are few vehicular
access points into the North Bayshore area. Generally the freeway access includes the Highway
101/North Shoreline Boulevard Interchange, Highway 101/Rengstorff Avenue Interchange, and
Highway 101/San Antonio Road Interchange; all three are heavily congested during commute
periods. Vehicles can access the North Bayshore area via Shoreline Boulevard, Rengstorff Avenue,
and San Antonio Road. Shoreline Boulevard is the primary access road connecting North
Bayshore to the Downtown Mountain View Transit Center, and is extremely congested during
commute periods.

FINAL DRAFT REPORT

9|Page

10.a

North Bayshore Transportation Access Study

2.3.

Local Land Use and Transportation Plans

Several local land use and transportation plans were assessed and information from those were
entered into the project Geographic Information System (GIS) database for analysis in the study.
Key plans evaluated include:


North Bayshore Precise Plan (2014)



NASA/Ames Development Plans (2002)



The Shoreline Transportation Study (2013)



The Shoreline Boulevard Corridor Study(2014)



Mountain View Pedestrian Master Plan (2014)



Mountain View Bicycle Transportation Plan Update (2015)

Key development plans from local employers were also considered, including the proposed
Google site at Bayview. The Google Bayview site is located east of Stevens Creek, northwest of
the NASA/Ames facility. RT Jones Road, the only road accessing the site, was widened to 2 lanes
in each direction in 2016/17.
Lastly, in early 2017, the City of Mountain View began a study of an Automated Guideway Transit
(AGT) connection between the Downtown Mountain View Transit Center and North Bayshore
area. A study session was held in May 2017, and another in October 2017. The AGT study corridor
is generally along North Shoreline Boulevard with a terminus at Charleston Road. The AGT study
has been coordinated with this study to the extent possible, and is a consideration in future
studies recommended in this report.

2.4.

NASA/Ames Research Center Site Visit

As initial conceptual alignments were being studied, the project team recognized that to fully
understand local opportunities and constraints, direct input from NASA/Ames staff was required.
A site visit of the facility, led by NASA/Ames staff, was held on June 21st, 2016, and included staff
participation from Google, the City of Mountain View, and VTA. Key findings from this site tour
include:


Significant Wetlands are located within the site including the Stevens Creek Shoreline
Nature Study Area.
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A very high water table exists throughout the NASA/Ames site, especially in the
northern section of the site bordering the wetlands / nature preserve areas.



Significant areas of the site include protected habitats, specifically Burrowing Owl
nesting and habitat areas.



Several Superfund Site/Contaminated Soils areas are located within the site, and have
different responsible parties including NASA, the Navy, and others.



A Historic District located is located within the site, and includes multiple buildings listed
on the national historic registry.



A Runway Protection Area within the takeoff and landing approaches (generally north
and south of the runway) prohibits permanent structures above ground level, including
the poles, lines, and trackway structures that would be associated with light rail.



The NASA/Ames research facility includes many buildings that house equipment
sensitive to noise and vibration impacts.



The NASA/Ames Development Plan includes the identification of areas for future
development, including areas identified for future housing.



NASA/Ames has strict security protocols requiring security checks at gates by visually
checking identification. These protocols limit the potential and value of stops/stations
within the site – and therefore the alignment options through the site - because they
would increase travel time since riders entering the property would need to go through
a similar screening process.



The widening of RT Jones Road, from two lanes to four lanes, makes it more suitable for
use as a mass transportation corridor. In addition, it may be possible to expand the
usable space in this corridor by eliminating the center median and/or widening the
roadway to the west. This type of question would be addressed in further, more
detailed, planning and engineering studies.
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3. ALTERNATIVES EVALUATION & SCREENING PROCESS
To develop a final set of alternatives, the study was organized into four evaluation steps, as
shown if Figure 3.1. below. First, a wide range of potential transportation technologies and
alignments were identified and assessed. More than 30 types of transportation technologies and
more than ten alignment options were evaluated and screened over the four study phases. Using
a process of successive evaluations and consultation with project stakeholders, the study team
eliminated options that were either infeasible or performed poorly in terms of meeting the study
goals.
The Step 1 Evaluation screened potential technologies, and Step 2 screened potential alignments.
The results of the Step 1 and Step 2 Evaluations were then combined into a set of preliminary
alternatives that were further screened in Step 3. Finally, the Step 4 Evaluation screened a final
set of alternatives with the purpose of identifying two to three potential alternatives that were
viable and warranted further study through more detailed planning, design, engineering, and
environmental review efforts.
Figure 3.1 – Steps in Evaluation & Screening Process

1. Technology Screening
2. Alignment Screening
3. Preliminary Alternative Screening
4. Final Alternative Screening
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4. STEP 1 EVALUATION: TECHNOLOGY SCREENING
The Step 1 Evaluation Technology Screening included an examination of a broad range of
technologies to determine what could be both viable and reasonable for connecting a large
number of passengers from the Bayshore/NASA Light Rail station to the North Bayshore Area.
This evaluation focused on three categories of technologies:


Primary technologies (Table 4.1) which included traditional transportation technologies
such as bus and rail;



Secondary technologies (Table 4.2) which included smaller sized technologies which
traditionally have been associated more with personal transportation such as bikes,
electric bikes, motorcycles, skateboards, and Segway’s, and;



Tertiary Technologies (Table 4.3) which included modes which do not fall into either the
primary or secondary technology definitions listed above, such as personal and highcapacity aircraft.

Each technology was evaluated based on how well they met six criteria: Carrying Capacity, Travel
Time, Scalability, Reliability, Technology Readiness, and Environmental Factors. Each Technology
was scored for each criterion based on whether they met, possibly met, or does not meet the
needs of each criterion. In some instances with the Tertiary technologies there was not enough
information to determine an accurate score for some criteria. In addition, the practical reality of
the cost to operate and maintain a particular technology, such as bus or light rail, was factored
into the analysis.

4.1.

Step 1 screening results

Out of the Primary technologies, the highest scoring alternatives, Interlined Light Rail (and
Streetcars), BRT (and traditional bus) in general purpose and dedicated lanes, and AVs in general
purpose and dedicated guideways were moved forward into the Step 2 screening.
All Secondary technologies were dropped from consideration because they do not adequately
provide a fast and reliable mass transportation connection for the number of people expected to
be served in this area. These technologies could help serve as a first/last mile connection and
could be used in conjunction with any final technologies recommended by this study, and walking
and biking options should be explored in conjunction with the further study and implementation
of a Primary technology.
FINAL DRAFT REPORT
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While the tertiary technologies may prove to be viable mass transportation technologies in the
near-to-mid future, they have not been developed to a point where the scope of this study could
evaluate them with a high level of credibility. For this reason, the Tertiary technologies were
dropped from further consideration in this study. However, given the rapid growth of
technological innovation, these technologies should be periodically reassessed for feasible within
this, or any other study area.
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Table 4.1 - Primary Technologies

Mode / Mechanism
Light Rail

Potential
Carrying
Capacity

Competitive
Travel Time

Expandability/
Reliability
Scalability

See light rail types below

Interlined with existing LRT line
Shuttle requiring transfer at
Bayshore/NASA LRT
Streetcars in mixed traffic
Bus

See bus types below

Primary

Shuttles in mixed flow
BRT in dedicated lanes
Driverless / AVs

See driverless / autonomous types below

vehicles in mixed flow
vehicles in dedicated guideway
Commuter Rail (e.g. Caltrain)

See commuter rail types below

Bus connector shuttles
Spur line
Hovercraft
Monorail
Aerial Tramway
Green=High, Yellow=Medium, Orange=Low, Red=Very Low, Grey=Not Enough Information
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Table 4.2 - Secondary Technologies

Mode / Mechanism

Potential
Carrying
Capacity

Competitive
Travel Time

Expandability/
Reliability
Scalability

Bike pedal
Bike motorized
Motorcycles
Motorcycles with sidecars

Secondary

Trikes
Scooters (various designs)
Walking
Moving / High-Speed Walkway
Electric Skateboard
Segway
Mini-Segway
Self-balancing scooters
Green=High, Yellow=Medium, Orange=Low, Red=Very Low, Grey=Not Enough Information
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Table 4.3 - Tertiary Technologies

Mode / Mechanism

Potential
Carrying
Capacity

Competitive
Travel Time

Expandability/
Reliability
Scalability

Aircraft
Helicopter
Dirigible / Blimp

Tertiary

Personal aircraft
Other Aircraft
Automated drones
Hovering craft
Hover Bikes
Moller Skycar
Flying cars
Flying motorcycles
Green=High, Yellow=Medium, Orange=Low, Red=Very Low, Grey=Not Enough Information
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5. STEP 2 EVALUATION: ALIGNMENT SCREENING
A wide range of alignment options were considered that could potentially provide a new connection
from VTA’s existing light rail service at the Bayshore/NASA LRT station to the interior focal point
within the North Bayshore area; the intersection of Charleston Road and North Shoreline Boulevard.
After identifying a number of possible alignment options, each alignment was evaluated based on
potential construction-related issues, consistency with previously completed environmental
studies, and potential impacts to existing and planned land use. Alignments eliminated from
consideration include those that would likely be infeasible, have significant negative impacts, or
would be less desirable due to very high construction costs.
In addition to reviewing existing plans and studies, meetings were also held with representatives
from NASA, the Audubon Society, the City of Mountain View, and employers and landowners within
the study area. These meetings were invaluable for understanding potential issues and concerns
regarding the potential alignment options.

5.1.

Alignments Considered

Six initial alignment options were evaluated in the alignment screening analysis, as shown in Figure
5.1. Alignments were evaluated based on the criteria described in the following section. Although
the alignments vary in location and length, they all connect the existing Bayshore/NASA LRT Station
with the North Bayshore focus area. Ultimately, four alignments were carried forward to the next
step of the evaluation and screening process, which combined the final alignments and technologies
into an initial set of conceptual project alternatives. It should also be noted that later phases of
study revealed opportunities that were not considered as part of the original scope; for example,
the possibility of utilizing Moffett Boulevard as another key node in the study area. Consequently,
this and other opportunities receive additional discussion in later parts of this report.

5.2.

Evaluation Criteria

The study used constructability, cost, and environmental impacts to complete a fatal flaw analysis
of the proposed alignments, eliminating those that were potentially infeasible, did not address
project goals, or had a relatively low cost-benefit ratio compared to other options.

18 | P a g e

10.a

Figure 5.1 - Initial Alignments
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5.2.1. Constructability
Alignments were evaluated based on potential physical and environmental constraints affecting
the construction of new transportation infrastructure along the given alignment. For example,
some alignments were deemed infeasible due to high groundwater levels, impacts to the
NASA/Ames runway protection zone, potential habitat intrusions, or a combination of these and
other constraints.
5.2.2. Cost
Alignments were evaluated based on potential costs associated with implementing new
transportation infrastructure on a given alignment. Some alignments had higher potential
construction costs than others due to the location of existing infrastructure and land uses. For
example, an alignment located within a spatially constrained built environment had higher costs
due to the need for possible grade separations and right-of-way acquisitions.
5.2.3. Environmental and Land Use Impacts
The following environmental impacts along each alignment were considered:


Historic Zone: The area in the NASA/Ames campus bounded by Cummins Avenue to the
east, Bushnell Road to the north and Wescoat Road to the south is considered historically
significant, and therefore presents limitations for new transit infrastructure in that area.
(See Figure 5.2)



Burrowing Owl Habitat: The NASA/Ames campus has significant existing owl nesting
habitat for Burrowing Owls, as shown in Figure 5.3. Several locations throughout the area
are designated burrowing owl preserves in which development is prohibited. Others are
designated owl habitats in which development is restricted. Alignments were evaluated
according to their proximity to burrowing owl preserves and habitats.



Floodplain: The water table in the project area is high, with a range of 0-10 feet to first
groundwater, as shown in Figure 5.4. Therefore, alternatives that required tunneling were
evaluated negatively due to the related cost implications.



Vapor Intrusion/Superfund Sites: All alternatives travel through an area requiring soil
remediation if the soil is disturbed. (See Figure 5.5)



Runway Protection Zone (RPZ): The Moffett Federal Airfield is a military airport located
east of the North Bayshore area. As shown in Figure 5.6, the areas north and south of the
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airfield are RPZs, and the areas at each end of the runway also have restrictions. As defined
by the Federal Aviation Administration, “Runway Protection Zones are a trapezoidal area
‘off the end of the runway end that serves to enhance the protection of people and
property on the ground’ in the event an aircraft lands or crashes beyond the runway end.
Runway Protection Zones underlie a portion of the approach closest to the airport.”2 Land
uses within RPZs are generally restricted to uses that do not involve congregations of
people or construction of buildings or other improvements that may be obstructions.


Stakeholder Support and Site Security: Several property owners in the project area restrict
access to their sites for security purposes, including NASA/Ames, Google, Inc. (Alphabet,
Inc.), and the Army/Army Reserve. Key considerations for evaluating alignments for
stakeholder support were the alignments’ location within or outside of an existing secured
perimeter.



Noise and Vibration: There are a number of uses within the project area that are sensitive
to noise and vibration impacts related to large infrastructure construction, and possible rail
operations.



Impacts to Existing Transportation Facilities: Each alignment was evaluated for potential
impact to existing transportation infrastructure. Specifically, alignments located on or near
an already congested street network or those that would intersect with many existing
intersections scored poorly.

2

https://portal.hud.gov/hudportal/documents/huddoc?id=airportdivision.pdf
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Figure 5.2 - Historic Zone
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Figure 5.3 - Burrowing Owl Habitat

23 | P a g e

10.a

North Bayshore Transportation Access Study
Figure 5.4 - Floodplain
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Figure 5.5 - Vapor Intrusion Area
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Figure 5.6 - Runway Protection Zone
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5.3.

Step 2 Evaluation Screening Results

Out of the six alignments evaluated, three were eliminated, and three were retained / modified
and carried forward into the Step 3 Evaluation Screening which combined both the top-ranked
alignments and top-ranked technologies.
5.3.1. Alignments Eliminated
The three alignments, shown in Figure 5.7. (Page 30), were eliminated from further
consideration. The key factors leading to elimination are summarized below.


Alignment C: shown in light blue, was proposed as a tunnel underneath the NASA
property. It was eliminated due to the high cost and technical difficulties associated with
tunneling under NASA’s property near the historic district, wind tunnel, and other
vibration-sensitive facilities, as well as the potential impacts tunneling would have
during construction.



Alignment E: shown in red, is located in the floodplains and on an already raised
roadway. Furthermore, the location of this alignment would likely obstruct access
between the runway, hangars, and other maintenance facilities, and have unacceptable
construction impacts. For these reasons this alignment was eliminated.



Alignment F: shown in dark blue, was eliminated due to its location within the
floodplains, its circuitous route, and NASA’s preference for other alignments. It is also
within the Runway Protection Zone.

5.3.2. Alignments Retained / Modified
The three remaining alignments were retained and modified in order to address particular issues
that were identified during the evaluation process. As a result, the four alignments described
below and illustrated in Figure 5.8 were carried forward into the Step 3 Evaluation Screening.


Alignment 1: US 101/North Bayshore: This alignment was modified from the Step 2
Alignment A, which traveled along North Shoreline Boulevard. This alignment would
travel along a new roadway adjacent to US 101 from the Bayshore/NASA LRT station to
Inigo Way. To avoid conflicts with the Highway 85 interchange and the US 101 ramps at
North Shoreline Boulevard, the portion of the roadway between Moffett Boulevard and
Inigo Way would likely need to be grade separated. Since the alignment could
potentially introduce additional traffic to already congested North Shoreline Boulevard,
it was modified so that the new alignment - Alignment 1 - would travel along new
roadways that have been proposed between Inigo Way and Charleston Road as part of
the City of Mountain View’s North Bayshore Precise Plan. These new roadways would
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essentially parallel North Shoreline Boulevard, but would have several turns along the
way in order to avoid existing buildings and/or development sites.


Alignment 2: US 101/RT Jones: Alignment B was modified so that two different
alignment options were created between RT Jones and the Bayshore/NASA VTA LRT
Station. Alignment 2 would travel along a new roadway adjacent to US 101 from the
Bayshore/NASA VTA LRT station to RT Jones Road. It would then travel north along RT
Jones Road and Wright Avenue to Charleston Road. Charleston Road would need to be
extended east over Stevens Creek via a bridge to intersect with Wright Avenue. The
alignment would then follow Charleston Road west to its intersection with North
Shoreline Boulevard.



Alignment 3: NASA Core/RT Jones: Alignment 3 is a modification of Alignment B, and
would travel north from the Bayshore/NASA LRT station along the western edge of
Moffett Field to North Akron Road. From there it goes through the NASA/Ames campus,
including the historic district, to RT Jones Road, where it then follows the same path as
Alignment 2.



Alignment 4: Moffett Field/Allen Road: Alignment 4 is a slightly modified Alignment D.
Like Alignment 3, this alignment would travel from the Bayshore/NASA LRT station along
the western edge of Moffett Field continuing north along Zook Road to Pollack Road. It
then travels west to Charleston Road, requiring a new roadway connection with Allen
Road and Pollack Road, and Charleston Road to Allen Road over Stevens Creek. It would
follow the same path as Alignments 2 and 3 from the northwest corner of the NASA
campus to the terminus at Charleston Road and North Bayshore Boulevard.

Table 5.1 provides a summary of the transitions from Step 1 to Step 4
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Table 5.1 – Step 2 Alignments
Step 2 Evaluation

Alignment A

Modified and Carried Forward

Renumbering
Alignment A >
Alignment 1

Alignment 1

Alignment 2
Alignment B

Modified and Carried Forward

Alignment A >
Alignment 2 and
Alignment 3
Alignment 3

Alignment C

Alignment D

Step 3 Evaluation
1A.1: Light Rail
Eliminated
1A.2: Light Rail
Carried Forward
1B: BRT
Carried Forward
1C: Avs

Carried Forward

2A.1: Light Rail
2A.2: Light Rail
2B: BRT

Eliminated
Eliminated
Eliminated

2C: Avs

Carried Forward

3A.1: Light Rail

Eliminated

3A.2: Light Rail

Eliminated

3B: BRT

Eliminated

3C: Avs

Eliminated

4A.1: Light Rail

Eliminated

4A.2: Light Rail

Eliminated

4B: BRT
4C: Avs

Eliminated
Eliminated

Eliminated

Modified and Carried Forward

Alignment E

Eliminated

Alignment F

Eliminated

Alignment D >
Alignment 4

Alignment 4
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Step 4 Final Score
Alternative 1A
Alternative 1D
Alternative 1B (At-Grade)
Alternative 1C (Exclusive)

55
70
75
57

Alternative 2A (At-Grade)
Alternative 2B (Exclusive)

75
66
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Figure 5.7 - Alignments Eliminated
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Figure 5.8 - Alignments Carried Forward
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6. STEP 3 SCREENING: ALTERNATIVES SCREENING
The Step 3 Screening process evaluated a combination of technologies and alignments selected
from Steps 1 and 2 to develop recommended project alternatives for further study and analysis.
The Step 3 Screening evaluated four alignments combined with the highest scoring modal
technologies: LRT, BRT, and Autonomous Vehicles (AV) for a total of 12 potential Alternatives.
For evaluation purposes, LRT includes all track-based types of technologies including Light Rail
and Street Car, and BRT includes all over the road vehicles including full size buses and BRT
Vehicles.
The following sections describe each alignment and modal technology, the list of alternatives
evaluated, the evaluation criteria, and the screening results.

6.1.

Alternatives Considered

The Step 3 Screening process evaluated 12 total alternatives (three primary technologies and
four alignments). Additionally, each LRT alternative was also evaluated as both an extension
(through service) and connection (requiring a transfer) service. The alternative that combined
LRT and Alignment 2 (Alternative 2A) was eliminated from further consideration prior to the
screening due the number of tight turns required on this alignment; the tight turns would
significantly reduce operational speed and efficiency. LRT vehicles require a larger turning radius
and larger guideway than either buses or AVs. A standard light rail vehicle has a centerline turn
radius of 82 feet. By comparison, buses require a 20 to 30 foot centerline turn radius depending
on the vehicle length.
As a result, 11 alternatives were subsequently evaluated in the Step 3 Screening process. These
alternatives are described below.


Alignment 1 US 101/RT Jones Alternatives:
o Alternative 1A.1: LRT Connection (transfer from existing service at Basyhore/NASA
Station)
o Alternative 1A.2 : LRT Extension (Interlined with existing service)
o Alternative 1B: BRT
o Alternative 1C: AVs



Alignment 2 US 101/North Bayshore Alternatives:
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o Alternative 2A: LRT – Eliminated prior to evaluation
o Alternative 2B: BRT
o Alternative 2C: AVs


Alignment 3 NASA Core/RT Jones Alternatives:
o Alternative 3A.1: LRT Connection (transfer from existing service at Basyhore/NASA
Station)
o Alternative 3A.2 : LRT Extension (Interlined with existing service)
o Alternative 3B: BRT
o Alternative 3C: AVs



Alignment 4 Moffett Field/Allen Road Alternatives:
o Alternative 4A.1: LRT Connection (transfer from existing service at Basyhore/NASA
Station)
o Alternative 4A.2 : Extension (Interlined with existing service)
o Alternative 4B: BRT
o Alternative 4C: AVs

6.2.

Evaluation Criteria

Each alternative was evaluated based on how well they met the study purpose and goals. Each
evaluation criterion is described below. Scoring for each alternative was based on concept-level
information for the alignments and modal technologies. This general approach was used to select
the alternatives that would undergo a more specific technical evaluation and analysis as part of
the Step 4 Screening; the final step in the screening and evaluation process.
6.2.1. Cost Effectiveness and Feasibility
This measure evaluated the general capital and operating costs of each alternative. Specific
criterion included the following:


Alignment Capital Cost: Alignments involving higher capital costs due to grade
separations or new roadway construction received lower scores relative to those
alternatives utilizing existing roadways and requiring fewer roadway modifications.



Technology Capital Cost: Technologies with lower costs (e.g., BRT) received higher
scores compared to technologies with higher capital costs, such as LRT. AVs were
assumed to have relatively high capital costs due to the potential need to grade
separate the AV operations at intersections and the potential need to acquire additional
right-of-way to enable vehicles to pass one another. Capital costs AVs operating in
general purpose lanes without dedicated facilities would be considerably lower.
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Operating Cost: Modal technologies with lower operating costs received a higher score.
Operating cost was calculated primarily as a function of labor costs; thus, AVs (which
have no operators) were assumed to have the lowest operating costs.



Right-of-Way Acquisition: Those alternatives that required right-of-way acquisition, due
to either the nature of the alignment or the modal technology, received lower scores.

6.2.2. Enhance Mobility and Access
This measure evaluated the level of mobility, in terms of overall travel time, frequency, and
directness of access to employment destinations in the North Bayshore area. Specific criterion
included the following:


Frequency: Vehicle frequency for a particular modal technology was based on the
carrying capacity of individual transit vehicles. LRT vehicles which have a much higher
passenger load were assumed to be lower frequency, and thus received the lowest
score for this criterion. AVs were assumed to be the most frequent.



Speed: Alternatives where the modal technology and alignment characteristics were
likely to result in higher average vehicle speeds scored higher.



Transfer/Wait Time: Alternatives with modal technologies that had greater potential for
higher frequency service and/or no transfer (e.g., LRT Extension) scored higher.



Direct Access Potential for Technologies: Alternatives with modal technologies that
could accommodate a greater number of stops or on-demand stops scored higher.



Direct Access Potential for Alignments: Alignments that provided direct access (within
1,000 feet) to existing and planned developments scored higher.

6.2.3. Minimize Environmental Impacts and Support Community Goals
This measure evaluated the impacts each alternative would have on specific environmental
concerns. Specific criteria included:


Environmental Impacts: Stevens Creek – Alignments that cross Stevens Creek at new
locations were given lower scores due to the potential environmental impacts of
building an additional creek crossing.



Environmental Impacts: Burrowing Owl Habitat – Alignments that have the potential to
disrupt identified Burrowing Owl habitats scored lower.
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6.3.

Aesthetic and Visual Impacts – Alternatives with grade separations necessitated either
by the alignment or modal technology scored lower due to potential noise and aesthetic
impacts.

Step 3 Evaluation & Screening Results

Table 6.1 summarizes the results of the Step 3 Evaluation and Screening process. If an alternative
scored “high” for any particular criterion, it either had greater potential benefit in terms of
improving mobility and access, greater cost effectiveness and feasibility, and/or few, if any,
potential negative impacts when compared to other alternatives. Table 6.2 presents a summary
of the overall scoring for each alternative.
Four of the 11 alternatives were determined to score high enough to be considered further.
These alternatives were advanced to the Step 4 Evaluation Screening and are shown in Figure
6.1.
6.3.1. Alignments Eliminated


Alternative 1A.1: Alternative 1A.1 scored relatively low compared to other alternatives
because the required transfer would reduce travel speeds and significantly increase wait
times for passengers.



Alternative 2A: Was eliminated prior to evaluation



Alternative 2B: Alternative 2B scored relatively low compared to other alternatives
because the high potential Right-of-way acquisition costs as well as low potential
operating speeds on the US 101/North Bayshore Alignment.



Alternative 3A, 3B, and 3C: All alternatives on Alignment 3, NASA Core/RT Jones.
Alignment 3, travels through an existing owl preserve and traverses the NASA Historic
District and NASA security perimeter. For these reasons, all of the alternatives
considered on Alignment 3 would have greater environmental impacts, and transit
access would be more limited due to security and other restrictions.



Alternative 4A, 4B, and 4C: All Alternatives on Alignment 4, Moffett Field/Allen Road
were eliminated Alignment 4 travels through the same owl preserve as Alignment 3, and
is adjacent to another preserve located north of the NASA Historic District. Alignment 4
also travels through the NASA security perimeter and results in the same limitations to
transit access as the Alignment 3 alternatives. In addition, the routing of Alignment 4
along the western edge of the Moffett Field runways may impede access between the
runways and hangars located to the west of the runways.
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6.3.2. Alignments Retained / Modified


Alternative 1A.2, 1B, and 1C: Alternatives 1A.2, 1B, and 1C were all carried forward to
the Step 4 analysis. These three alternatives had minimal environmental impacts to this
area compared to the other alternatives and had relatively high assumed travel speeds.



Alternative 2C: Alternative 2C was carried forward to the Step 4 analysis. While the step
3 analysis assumed that the Alternative 2 corridor would be slow and difficult to operate
for LRT and BRT, AVs would be able to better navigate the potential corridor. This
alignment would also allow for better access to more of the destinations in the North
Bayshore area.
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Table 6.1 - Evaluation Screening Summary

Cost Effectiveness and Feasibility (30%)

Minimize Impacts and Support

Enhance Mobility and Access (40%)

Community Goals (30%)

Alternatives
Capital Cost:

Capital Cost:

Operating

ROW

Alignment

Technology

Cost

Acquisition

Frequency

Speed

Transfer/

Access:

Access:

Wait Time

Technology

Alignment

Creek

Owl

Aesthetic/

Habitat

Visual Impacts

Overall

Alternative 1C

US 101/RT Jones AVs

Low

Low

High

Low

High

Low

High

High

Med

High

High

Med

High

Alternative 1A.2

US 101/RT Jones LRT Interlined

Med

Low

Med

Med

Low

High

High

Low

Med

High

High

High

High

Alternative 1B

US 101/RT Jones BRT

Med

High

Low

Med

Med

Med

Med

Med

Med

High

High

High

High

Alternative 2C

US 101/North Bayshore AVs

Low

Low

High

Low

High

Low

High

High

High

Low

High

Low

High

Alternative 4C

Moffett Field/Allen Road AVs

High

Low

High

Low

High

Low

High

High

Low

High

Low

Med

High

Alternative 3C

NASA Core/RT Jones AVs

Med

Low

High

Low

High

Low

High

High

Med

High

Low

Low

Med

Alternative 1A.1

US 101/RT Jones LRT Shuttle

Med

Low

Med

Med

Low

Med

Low

Low

Med

High

High

High

Med

High

Low

Med

Med

Low

Med

High

Low

Low

High

Low

Med

Med

Moffett Field/Allen Road LRT

Alternative 4A.2

Interlined
NASA Core/RT Jones LRT

Alternative 3A.2

Interlined

Med

Low

Med

Low

Low

Med

High

Low

Med

High

Low

Low

Med

Alternative 4B

Moffett Field/Allen Road BRT

High

High

Low

Med

Med

Med

Med

Med

Low

High

Low

Med

Med

Alternative 2B

US 101/North Bayshore BRT

Low

High

Low

Low

Med

Med

Med

Med

High

Low

High

Low

Low

Moffett Field/Allen Road LRT

Alternative 4A.1

Shuttle

High

Low

Med

Med

Low

Med

Low

Low

Low

High

Low

Med

Low

Alternative 3B

NASA Core/RT Jones BRT

Med

High

Low

Low

Med

Low

Med

Med

Med

High

Low

Low

Low

Med

Low

Med

Low

Low

Med

Low

Low

Med

High

Low

Low

Low

NASA Core/RT Jones LRT

Alternative 3A.1

Shuttle
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Table 6.2 – Step 3 Alignments
Step 2 Evaluation

Alignment A

Modified and Carried Forward

Renumbering
Alignment A >
Alignment 1

Alignment 1

Alignment 2
Alignment B

Modified and Carried Forward

Alignment A >
Alignment 2 and
Alignment 3
Alignment 3

Alignment C

Alignment D

Step 3 Evaluation
1A.1: Light Rail
Eliminated
1A.2: Light Rail
Carried Forward
1B: BRT
Carried Forward
1C: Avs

Carried Forward

2A.1: Light Rail
2A.2: Light Rail
2B: BRT

Eliminated
Eliminated
Eliminated

2C: Avs

Carried Forward

3A.1: Light Rail

Eliminated

3A.2: Light Rail

Eliminated

3B: BRT

Eliminated

3C: Avs

Eliminated

4A.1: Light Rail

Eliminated

4A.2: Light Rail

Eliminated

4B: BRT
4C: Avs

Eliminated
Eliminated

Eliminated

Modified and Carried Forward

Alignment E

Eliminated

Alignment F

Eliminated

Alignment D >
Alignment 4

Alignment 4
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Step 4 Final Score
Alternative 1A
Alternative 1D
Alternative 1B (At-Grade)
Alternative 1C (Exclusive)

55
70
75
57

Alternative 2A (At-Grade)
Alternative 2B (Exclusive)

75
66
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Figure 6.1 – Alternatives Carried Forward

FINAL DRAFT REPORT

40 | P a g e

10.a

North Bayshore Transportation Access Study

7. STEP 4: FINAL ALTERNATIVE EVALUATION
The Step 3 Screening process resulted in four final alternatives along two alignments connecting
the Bayshore/NASA LRT Station with the intersection of North Shoreline Boulevard and
Charleston Road. As part of the Final Evaluation, more specific capital cost estimates and
operating parameters were developed for each of these alternatives.
To further define the operating parameters and capital cost estimates for the alternatives, a set
of assumptions for transit operations, infrastructure needs, and right-of-way constraints were
developed for each of the alternatives. Appendix A details the assumptions that were used for
developing the operating parameters and capital cost estimates, and includes a more detailed
breakdown of the capital cost estimates for each alternative.
The final evaluation of alternatives used the same set of general evaluation criteria as the Step 3
evaluation and screening process. Since all of the alternatives considered in the Step 4 had
already been screened for initial feasibility as part of the Step 3 Evaluation Screening, the Step 4
alternatives were evaluated more generally based on how well it could potentially meet the
following primary evaluation criteria:


Cost Effectiveness and Feasibility



Enhance Mobility and Access



Minimize Impacts and Support Community Goals

It is important to note that this study did not include detailed environmental analyses or
engineering surveys for any of the alternatives. Based on the general information that was
available from existing environmental studies and project area stakeholders, all of the
alternatives considered in the Step 4 Evaluation Screening are potentially feasible at this level of
analysis. Another aspect of feasibility that should be noted is that AV technologies are relatively
nascent and have not been as fully developed as either BRT or LRT systems, which have been
operating in North America and throughout the world for a number of years. As a result, while
the operating and infrastructure needs of BRT and LRT are well known and understood, much
less is known about the particular operating and infrastructure needs of different AV systems.
Accordingly, there is a greater degree of uncertainty regarding the feasibility of the AV
alternatives at this level of analysis. However, considering the rapid state of AV development,
this study concluded that AV technology can be implemented near-term, in some form, and
FINAL DRAFT REPORT
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advanced incrementally over the mid and long-term. The background and assumptions regarding
AVs related to this study are discussed in more detail below.

7.1.

Automated Vehicle Assumptions

Autonomous vehicle technology is progressing rapidly and the transportation industry must
adapt to the emergence of AV operations. Many models of 2017 automobiles already have
some autonomous features. These include adaptive cruise control, automatic forward-collision
braking, automatic parking, and auto-pilot, to name just a few. Tesla currently markets its
vehicles by saying that “All Tesla vehicles produced in our factory, including Model 3, have the
hardware needed for full self-driving capability at a safety level substantially greater than that
of a human driver”. Automated technologies are also rapidly develop within the trucking
industry and in freight rail and public rail industries.
A sample of recent and current research and information relating to AV technology includes:


NVIDIA will provide Level 4 Capability by 2018: At the Bosch Connected World 2017 in
Berlin, NVIDIA’s CEO Jen-Hsun Huang announced that NVIDIA will provide technology
enabling Level-4 autonomous driving capabilities by the end of 2018.



Volkswagen Group’s — VW’s parent company — pledge to add electric motors to
its entire lineup by 2030. VW alone plans to introduce 20 electrified cars by 2025. The
aggressive push, worth some $40 billion, was kickstarted after Volkswagen Group was
caught cheating diesel emissions tests in a massive scandal now referred to as
dieselgate. (Source: https://www.theverge.com/2018/2/19/17027570/volkswagen-idvizzion-concept-car-geneva-motor-show)



Volvo told the press that it’s officially entering a partnership with NVIDIA and Autoliv,
with plans to have autonomous cars on the road by 2021.
(Source: https://insideevs.com/volvo-teams-nvidia-autoliv-self-driving-electric-vehicles/)



GM declared that the Cruise AV would enter production in 2019 at the company's Orion
Township facility in Michigan, where the Bolt EV and Sonic are built. The Cruise AV will
have a dedicated assembly line at the plant, where the LIDAR modules, built at the
Brownstown plant, will be integrated. GM has approved of $100 million in improvements
to both locations.
(Source: http://www.thedrive.com/news/19331/general-motors-autonomous-vehicleproduction-begins-next-year)
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7.1.1. AVs and the Step 4 Evaluation
To better distinguish between potential AV alternatives in the Step 4 Evaluation, the two AV
alternatives evaluated along each alignment were further divided into AVs operating at-grade
and AVs operating in a fully grade-separated right of way. In reality, an AV alternative would
most likely operate in a hybrid configuration where AVs would operate in some combination of
dedicated at-grade, dedicated elevated, and existing roadway infrastructure. This study assumed
either a mostly at-grade or a fully grade separate corridor to simplify the alternatives analysis.
However, it is important to note that the operational flexibility offered by AVs may yield
considerable more efficiency and lower costs than was assumed for this comparative analysis.
Today, AVs operate mostly in a limited capacity (SAE Level 0-3) in select locations throughout the
world. However, there is significant and growing interest in AV technology and the technology is
continuing to develop very rapidly. There is significant intellectual and capital investment into AV
development and related systems necessary for safe, efficient and cost-effective operations such
as artificial intelligence, sensors, data collection, and systems integration (e.g., systems invehicle, along the roadside, and as part of smart cities). In many states, legislation is being
considered and passed to encourage and allow for development and implementation for
driverless technology3. Virtually every major automobile manufacturer, and many high-tech
firms4, are investing heavily in AV technology. This study believes that AV technology will be safe,
reliable, and economically viable in the near future. It will heavily influence every transportation
sector including cars, buses, trucks, trains, and aviation, and it can be applied to help address
transportation access issues in and around the North Bayshore area.

Based on current

understanding of existing technology and reasonable expectations of where the technology is
quickly evolving to, this study assumes the following for AV operations:

3
4



AVs are not limited to typical automobile sized vehicles and will include full-size buses
and vehicles of all sizes.



AVs can operate completely autonomously (i.e., SAE Level 5) in any environment where
human-controlled vehicles operate today.



AVs can communicate with other AVs operating within its sphere of operations, and
with integrated roadside or networked systems.

http://www.ncsl.org/research/transportation/autonomous-vehicles-self-driving-vehicles-enacted-legislation.aspx
Including Intel, Google, Apple, NVidia, Uber, Tesla, Samsung, and Cisco.

FINAL DRAFT REPORT

43 | P a g e

10.a

North Bayshore Transportation Access Study


AVs can operate in consists – or groups - of multiple vehicles operating similar to a train.



AVs may operate in any roadway configuration. A few examples of potential
configurations for the North Bayshore area include:
o Operating on existing streets in mixed traffic; operating with normal traffic;
optimizes circulation options, uses existing roadway infrastructure investments, and
would have the lowest capital costs.
o Operating on dedicated guideways; assumes no interaction with normal roadway
traffic or mass transit, and would have the highest capital costs.
o Hybrid; assumes operations on a combination of existing roadways and exclusive
rights-of-way, and would have capital costs somewhere in between.

For analysis and comparison purposes in this study, three to four intermediate AV stops, or
stations, along the alignment corridor were assumed. These stops would enable passengers to
safely board and alight vehicles, and other allow AVs to pass if they are not stopping at a
particular station. Further study could determine that either no bypass points or more bypass
points are needed. Although there would be multiple stops along the study corridor, some
vehicles could bypass the intermediate stations and provide express service between the two
endpoints. There would be larger stations and vehicle storage at both endpoints of the
alignment.

7.2.

Alternatives Evaluated

This section describes each of the six alternatives considered in the Step 4 Evaluation process,
including the estimated capital cost for constructing each alternative. The numbering system, has
no relationship to priority of the final study recommendations.
The first four alternatives (Alternatives 1A, 1B, 1C, and 1D) are all on Alignment 1 and generally
follow Perimeter Road, RT Jones Road, and Charleston Road, with a bridge built over Stevens
Creek connecting Charleston Road with Allen Road. This alignment is designed to serve regular
traffic, transit vehicles, bicyclists, and pedestrians. The length of Alignment 1 is approximately
2.65 miles between the Bayshore/NASA station and the intersection of North Shoreline
Boulevard and Charleston Road.
The next two alternatives (Alternatives 2A and 2B) are along Alignment 2, and generally follow
Perimeter Road, US 101, Inigo Way and new roadways between the termini at Bayshore/NASA
station and North Shoreline Boulevard and Charleston Road. The length of Alignment 2 is
approximately 2.69 miles.
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7.2.1. Alignment 1
All three recommended technologies, LRT, BRT, and AVs could use this alignment. This alignment
could also allow for multimodal use; allowing for rail, buses, and various forms of personal
transport such as walking, cycling, skateboards, motorcycles, scooters, etc., to share the right-ofway.
Alternative 1A – LRT or street car at-grade
Alternative 1A examined operating standard light rail vehicles along the alignment, and
essentially functioning as an extension of VTA’s light rail system. Given the current operating
assumptions expected with the opening of the BART to Silicon Valley Extension in 2018, the
conceptual operating plan with this alternative would extend the light rail line currently planned
to end at the Old Ironsides station. This line would provide 15-minute frequency between the
Bayshore/NASA LRT station, and the extension into the North Bayshore area. Station
improvements at the Bayshore/NASALRT station would be required to facilitate transfers
between light rail and other modes of access including buses and. Stops locations were proposed
as shown in Figure 7.1. The stop locations were needed to generate ridership estimates, and are
conceptual in nature; a next phase of study would revisit and refine stop locations.
Travel time estimates are 6 minutes from the Bayshore/NASA LRT station to the intersection of
Shoreline Blvd., and Charleston Road. Capital cost estimates for LRT a range between $400m and
$500m. Alternative 1A is presented in Figure 7.1
Streetcars
In addition to light rail, the study also considered Streetcars in the evaluation. A Streetcar system
would operate different vehicles than the VTA light rail system and could not be interlined with
the existing light rail system. While a Streetcar system would require a transfer from another
mode, such as LRT or bus, it could offer other potential benefits, including:


More flexible construction techniques, such a prefabricating track and roadway
sections. Prefabricating segments, which could include both rail and roadway, which
reduce capital costs, utility relocation needs, and construction time.



Better integration with the roadway, possibly allowed for shared operations, allowing
for more multimodal corridors.



Greater design flexibility and more efficient operations where tight turns are required.
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Smaller Stations that can be spaced closer together compared to light rail.
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Figure 7.1 - Alternative 1A: Light Rail / Streetcar on Alignment 1
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Although cost estimates for a streetcar line were not specifically evaluated in this study, review
of recently built streetcar systems indicate that construction costs could be significantly lower
than a similar Light Rail system. However, a separate rail technology would require its own
supporting infrastructure and administrative functions, and could have significant operating and
maintenance cost issues compared with LRT. For example, it would require its own maintenance
facility, parts, mechanics, and storage yard. It would also have different capital requirements
than a typical Light Rail system including different power delivery infrastructure, and it would not
benefit from existing LRT infrastructure already in place. In vehicle travel time estimates are
comparable with LRT above, but a transfer requirement from VTA light rail would increase total
travel time, and is considered a negative time impact.
Alternative 1B and 1C – AVs on exclusive at-grade (1B) or elevated roadway (1C)
Alternatives 1B and 1C assume AVs would operate within exclusive lanes parallel to the roadway
or on an elevated structure. Alternative 1B is presented in Figure 7.2 and Alternative 1C is
presented in Figure 7.3.
Given that there may be a large number of individual vehicles moving through at-grade
intersections during peak periods, it is assumed that vehicles would group together and travel
through intersections as consists. To make for efficient operations and a desirable userexperience, these AV platoons would be given signal priority at intersections, similar to bus
transit signal priority. The implications of this are that with signal priority and AVs traveling as
consists, the traffic at cross streets could be held extended periods with possible significant delay
to traffic at those intersections.
Travel time estimates for Alternative 1B are 13 minutes from the Bayshore/NASA LRT station to
the intersection of Shoreline Blvd. and Charleston Road. Capital cost estimates for a conventional
project range between $100m and $120m.
Travel time estimates for the exclusive / elevated roadway alignment studied is 6-minutes from
the Bayshore/NASA LRT station to the intersection of Shoreline Blvd. and Charleston Road.
Capital cost estimates range between $230m and $280m. The high capital costs are largely the
product of Aerial Guideway.
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Figure 7.2 - Alternative 1B: Autonomous Vehicles At-grade
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Figure 7.3 - Alternative 1C: Autonomous Vehicles Grade-separated
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Alternative 1D – Bus/BRT at-grade
Alternative 1D examined operating standard buses along the same alignment as Alternatives 1A,
1B and 1C, shown in Figure 7.4. Buses would operate in both directions along the corridor at
scheduled frequencies, stopping at fixed-stop locations. Passengers could also be offered
dynamic stops and advance reservation options for additional trip flexibility and enhanced userexperience.
Buses operating at-grade would include VTA public transit buses and the employer operated
shuttle buses. In the future, buses operating at-grade could gradually evolve into AV operations
as the technologies and policies advance.
For example private employers could begin operating AV capable shuttle buses (SAE Level 4 and
5) in the corridor, and could first focus on safety and user experience benefits5. As the technology
and infrastructure advance AV shuttle buses could begin operating in consists which would yield
some operating efficiencies. Also within this example could be a parallel phased approach to
utilizing the physical operating environment; this is a beginning with vehicle operations on
normal roadways in mixed traffic. This would be followed by partial dedication (conversion) of
one or more lanes to AV operations only, and then as demand merits a natural progression to full
dedication and/or grade-separated operating environments. Because of this potential operating
and implementation flexibility, a bus/BRT/AV hybrid option appears to offer many near and midterm benefits, as well as long-term benefits that could meet the growing travel demand needs of
the area.
Travel time estimates are 13 minutes from the NASA/Bayshore LRT station to the intersection of
Shoreline Blvd., and Charleston Road. Conceptual capital cost estimates for a conventional
project range between $100m and $120m.

5

E.g., subscription, on-demand and smart stop benefits. [add more to this]
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Figure 7.4 - Alternative 1D
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7.2.2. Alignment 2
Given the number of roadway crossings and the tight turn configurations of Alignment 2, this
alignment was considered suitable only for use by AVs. However, this alignment does not
adequately bypass the existing points of traffic congestion and may end up too duplicative with
other improvements already recommended or may be recommended by Mountain View’s AGT
Study. There is also a high level of uncertainty associated with this alignment due to the
operational design and timing of the new roadway segments expected new development.
Alternative 2A and 2B – AVs on exclusive at-grade (2A) or elevated roadway (2B)
Alternative 2A is presented in Figure 7.5 and Alternative 2B is presented in figure 7.6. These
alignments run west from the Bayshore/NASA LRT Station at-grade adjacent to Highway 101, rise
in an aerial section crossing Moffett Boulevard and Stevens Creek, touching back down south of
the Microsoft campus, and then heading north roughly in alignment with Inigo Way into the heart
of the NBS employment area. The ultimate route north would be determined by land dedications
resulting from development; however, existing segments of Inigo Way, Space Park, Shore Bird
Ways, and Charleston Road would serve as primary route segments. Passengers on LRT would
need to transfer to autonomous vehicles at the Bayshore/NASA Station, requiring a new Transit
Center.
Travel time estimates are 14 minutes from the Bayshore/NASA LRT station to the intersection of
Shoreline Blvd. and Charleston Road. Capital cost estimates range between $100m and $150m.
This alignment was also evaluated as an exclusive roadway/aerial structure with a travel time of
approximately 7 minutes, and capital cost estimate between $300 and $350m.
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Figure 7.5
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Figure 7.6 - Alternative 2B
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7.3.

Step 4 Evaluation Screening Results

A description of the Step 4 Evaluation results is provided below. A summary is shown in Table
8.2. If an alternative received a higher numeric score for any particular criterion, it either had
greater potential benefit in terms of improving mobility and access, greater cost effectiveness (in
terms of lower estimated capital costs), and/or few, if any, potential negative impacts when
compared to other alternatives.


Alternative 1A: RT Jones with LRT at Grade



Alternative 1B: RT Jones with AVs at Grade



Alternative 1C: RT Jones with AVs on Exclusive Roadway



Alternative 1D: RT Jones with Bus Rapid Transit at Grade



Alternative 2A: US 101 with AVs at Grade



Alternative 2B: US 101 with AVs on Exclusive Roadway

A Hybrid Bus/BRT/AV Option would also be a viable alternative, and should be studied further.
7.3.1. Cost Effectiveness and Feasibility
The alternatives with the lowest estimated capital costs are the at-grade BRT and AV alternatives
(Alternatives 2A, 1B and 1D), primarily due to the fact that they require significantly less
infrastructure than either the aerial AV alternatives (Alternatives 1C and 2B) or the LRT
alternative (Alternative 1A). It is important to note that the capital cost estimates developed as
part of this study have a high level of uncertainty and are therefore presented as relatively broad
ranges. Accordingly, it is not possible to clearly determine which alternative would have the
lowest total costs without further study and analysis. The Capital Cost Estimates are presented
in Table 7.2.
This study did not assess potential operating costs for each of the alternatives. However, given
that operator labor costs currently make up the greatest share of transit operating costs per
revenue hour, BRT and LRT operating costs are expected to be greater than AV operating costs
per revenue hour.
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7.3.2. Enhance Mobility and Access
Alignment 1, on which Alternatives 1A, 1B, 1C, and 1D are located, would serve the planned NASA
Research Park and Google Bayview Campus directly. It also would provide a new transit route, as
well as a bicyclist and pedestrian route, into the North Bayshore area from the east, and would
better connect the North Bayshore area with the planned Google Bayview development as well
as NASA and Moffett Field.
Alternative 1A would provide the lowest level of direct access to destinations along Alignment 1
with only one or two intermediate LRT stops between endpoints. However, LRT operated as
through service could provide some of the fastest travel times between endpoints, and could
provide direct, high-capacity transit service into North Bayshore from North San Jose and the
future Milpitas BART Station. Considering estimated ridership, as well as constructability,
operability, and cost (capital and O&M) considerations, LRT is viewed a long-term option that
becomes viable only with very high demand.
Alternative 1B and 1C would provide a high level of access to destinations along Alignment 1 due
to the fact that AVs could have a greater number of intermediate stops and potentially provide
point-to-point and on-demand service. Alternative 1C, which would operate in its own gradeseparated guideway, would also provide excellent mobility in that it would avoid any intersection
delays that might be experienced by the at-grade AV service in Alternative 1B.
Alternative 1D would provide somewhat less direct access to destinations along Alignment 1 than
Alternatives 1B and 1C since BRT service would have two or three intermediate stops between
the two endpoints and would not provide point-to-point service. BRT as defined is expected to
have the longest travel times between the two endpoints; although buses would travel in a
dedicated right-of-way at grade, stops at intermediate stations and at intersections would result
in somewhat slower overall travel speeds between endpoints.
Alternatives 2AB and 2BC would potentially serve new residential development planned for the
North Bayshore area and could serve the Microsoft campus adjacent to La Avenida Street. This
alignment would travel parallel to North Shoreline Boulevard and is located one to two blocks
east. Consequently, transit service along Alignment 2, on which Alternatives 2A and 2B are
located, would be somewhat duplicative of transit service traveling along North Shoreline
Boulevard. Alignment 2 would not directly serve the planned NASA Research Park or the planned
Google Bayview Campus. Destinations within the NASA Research Park and Google Bayview
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Campus would be located about one-third to one-half mile away from stops or stations along
Alignment 2.
Both Alternatives 2A and 2B would provide a high level of access to destinations within North
Bayshore due to the fact that AVs would have a greater number of intermediate stops and could
potentially provide point-to-point, on-demand service. Alternative 2B, which would operate in
its own grade-separated guideway, would also provide excellent mobility (travel time) since it
would avoid any intersection delays that might be experienced by the at-grade AV service in
Alternative 2A.
7.3.3. Minimize Impacts and Support Community Goals
Alignment 1 requires construction of a bridge over Stevens Creek connecting Charleston Road
with Allen Road. There is an egret nesting colony adjacent to this area that may be impacted, as
well as other riparian habitats that could be affected by a bridge at this location. These issues
would need further detailed study if any of the alternatives along Alignment 1 are pursued
further.
The aerial structure needed for Alternative 1C could negatively impact the intake for the
NASA/Ames wind tunnel located adjacent to RT Jones Road. Additionally, catenary wires required
for LRT under Alternative 1A could also negatively impact the wind tunnel intake. There are also
overhead high voltage power lines across RT Jones that could affect by any AV aerial structures
or catenary wires required for LRT service.
Alignment 2 requires a bridge structure over the Moffatt Boulevard/US 101 ramps as well as over
Stevens Creek. Since the area adjacent to US 101 around Stevens Creek is already disturbed by
existing infrastructure, it is less likely that a bridge structure would have additional significant
negative impacts to riparian areas around the creek.
Alignment 2 would travel on roads that are still in the planning phase, which makes it is difficult
to estimate how much right-of-way is available for dedicated lanes and stations for at-grade AVs
proposed in Alternatives 2A. Alternative 2A may also potentially affect improvements being
considered by the City of Mountain View for the US 101/Shoreline Boulevard interchange. The
aerial AV structure proposed in Alternative 2B would have less direct impact on the roadway
right-of-way and intersection operations; however, an elevated structure would have potential
visual and aesthetic impacts.
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Table 7.1 – Step 4 Evaluation Screening Summary

Cost Effectiveness
Enhance Mobility and Access (40%)
(30%)

Minimize Impacts and Support
Community Goals (30%)

Total

30%

20%

20%

10%

10%

10%

100%

Alternatives

Capital Cost

Approximate Wait
+Travel Time from
Bayshore/NASA to
Charleston/Shoreline

Increase in
Jobs/Residences
with Access to
Transit

Stevens
Creek
Impacts

NASA
Facilities
Impacts

Aesthetic/
Visual
Impacts

Total

2A: US 101 with AVs at
Grade

25

5

15

10

10

10

75

1B: RT Jones with AVs
at Grade

25

5

20

5

10

10

75

1D: RT Jones with BRT
at Grade

30

5

10

5

10

10

70

2B: US 101 with AVs on
Exclusive Roadway

15

20

10

10

10

1

66

1C: RT Jones with AVs
on Exclusive Roadway

15

20

15

5

1

1

57

1A: RT Jones with LRT
at Grade

10

20

10

5

5

5

55

Weighting
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Table 7.2 - Conceptual Capital Cost Estimates

Guideway & Track
Elements
Stations, Stops,
Terminals, Intermodal
Support Facilities:
Yards, Shops, etc.
Sitework & Special
Conditions
Systems
Row, Land, Existing
Improvements
Vehicles
Planning
Engineering
Sub-Total Alternative
Cost
40% Contingency
Total Alternative
Cost
Miles
Total Alternative
Cost Per Mile
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Alternative 1A

Alternative 1B (AtGrade)

Alternative 1C
(Exclusive)

Alternative 1D

Alternative 2A (AtGrade)

Alternative 2B
(Exclusive)

Light Rail Transit
At Grade

Automated Vehicle
Aerial Guideway

Automated Vehicle
At Grade

Bus Rapid Transit
At Grade

Automated Vehicle
Aerial Guideway

Automated Vehicle
At Grade

$ 68,000,000

$ 78,000,000

$ 11,000,000

$ 21,000,000

$ 79,000,000

$ 16,000,000

$ 1,000,000

$ 13,000,000

$ 14,000,000

$ 20,000,000

$ 20,000,000

$ 23,000,000

$ 15,000,000

$ 4,000,000

$ 3,000,000

$ 111,000,000

$ 1,000,000

$ 2,000,000

$ 2,000,000

$ 3,000,000

$ 16,000,000

$ 17,000,000

$ 19,000,000

$ 17,000,000

$ 17,000,000

$ 10,000,000

$ 2,000,000

$ 2,000,000

$ 4,000,000

$ 2,000,000

$ 3,000,000

$ 26,000,000

$ 17,000,000

$ 7,000,000

$ 6,000,000

$ 18,000,000

$ 7,000,000

$ 54,000,000

$ 36,000,000

$ 14,000,000

$ 12,000,000

$ 37,000,000

$ 16,000,000

$ 296,000,000

$ 198,000,000

$ 77,000,000

$ 67,000,000

$ 202,000,000

$ 85,000,000

$ 118,000,000

$ 79,000,000

$ 31,000,000

$ 27,000,000

$ 81,000,000

$ 34,000,000

$ 414,000,000

$ 277,000,000

$ 108,000,000

$ 94,000,000

$ 283,000,000

$ 119,000,000

2.65

2.65

2.65

2.65

2.69

2.69

$ 156,000,000

$ 104,000,000

$ 41,000,000

$ 35,000,000

$ 105,000,000

$ 44,000,000
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Table 7.3 - Step 4 Alignments
Step 2 Evaluation

Alignment A

Modified and Carried Forward

Renumbering
Alignment A >
Alignment 1

Alignment 1

Alignment 2
Alignment B

Modified and Carried Forward

Alignment A >
Alignment 2 and
Alignment 3
Alignment 3

Alignment C

Alignment D

Step 3 Evaluation
1A.1: Light Rail
Eliminated
1A.2: Light Rail
Carried Forward
1B: BRT
Carried Forward
1C: Avs

Carried Forward

2A.1: Light Rail
2A.2: Light Rail
2B: BRT

Eliminated
Eliminated
Eliminated

2C: Avs

Carried Forward

3A.1: Light Rail

Eliminated

3A.2: Light Rail

Eliminated

3B: BRT

Eliminated

3C: Avs

Eliminated

4A.1: Light Rail

Eliminated

4A.2: Light Rail

Eliminated

4B: BRT
4C: Avs

Eliminated
Eliminated

Eliminated

Modified and Carried Forward

Alignment E

Eliminated

Alignment F

Eliminated
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Step 4 Final Score
Alternative 1A
Alternative 1D
Alternative 1B (At-Grade)
Alternative 1C (Exclusive)

55
70
75
57

Alternative 2A (At-Grade)
Alternative 2B (Exclusive)

75
66
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8. RECOMMENDATIONS
Based on the results of the analysis, this study recommends both alignments be carried forward
for further study in addition to a number of other infrastructure improvements that support
these options. In the near-term, a hybrid option mixing a fleet of Buses and AVs to serve the
North Bayshore area traveling along an RT Jones alignment is recommended. In the long-term,
further study of AVs on the Highway 101 alignment and Light Rail on the RT Jones alignment.
The recommended infrastructure improvements include a Charleston Road Bridge crossing at
Stevens Creek, new transit centers at the Bayshore/NASA Light Rail station and Moffett Blvd.
Interchange, and a series of dedicated AV stations throughout the area. This study also
recommends additional analysis on AV communications and systems management infrastructure
and the study of the infrastructure needed to support a bus/AV hybrid option from near-term
through long-term implementation phases.

8.1.

Near/Mid-Term Recommendation: Automated Vehicle and Bus Hybrid
Option, RT Jones Alignment

Conceptual Approach – Near/Mid-term
A phased implementation approach could begin with conventional buses operating on a fixed
route, with fixed stops, on conventional roads. When the AV technology is ready to be phased
in, AVs could begin operating in this area by serving trips between specific locations along the
corridor or within the North Bayshore employment area. For example, a trip from the
Bayshore/NASA station to a specific employment campus, serving only that location. Additional
trips and locations could then be gradually phased in until a majority of the fleet is fully
autonomous. The flexibility allowed by this conceptual approach can allow for adaptability to an
extremely broad range of circumstances.
AVs are recommended for further study as a mid-term solution because they would offer
operational flexibility and adaptability over existing types of a traditional BRT (and LRT) service.
With the ability to travel on both dedicated and public roadway infrastructure, AVs have the
ability to function as both a mass transit and a feeder system, thereby greatly increasing utility
and minimizing costs of a transportation network. The number of AVs needed to serve a mass
transportation network could be phased gradually through several implementation cycles as
demand warrants.
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Conceptual Approach – Long-term
AVs would also offer a number of long-term operational and infrastructure related benefits to
the North Bayshore area. In general they could allow for new design standards allowing for
narrower travel lanes and therefore greater capacity, less intrusive lighting, and other potential
changes which could maximize operational efficiency and reduce environmental impacts to
sensitive habitats.
The North Bayshore area is continuously evolving, and in today’s environment of rapid
technological innovation, the more flexible and adaptable a transportation system can be, the
faster it can respond to changing land uses and transportation needs. The implementation of a
bus/BRT/AV network could be instrumental towards the migration to a new transportation
system. The readiness and evolution of this technology can be advanced through application in
testing/pilot locations such as North Bayshore. It could bring positive local, national, and
worldwide attention to the implementing areas; in this case the Mountain View North Bayshore
area and City of Mountain View.

8.2.

Long-Term Recommendation: Automated Vehicles, Highway 101
alignment

Further study of the AV alternative serving the Highway 101 adjacent alignment is also
recommended. As the land use and travel needs of this area change additional mass
transportation technologies and alignments may be needed to serve this area.

8.3.

Long-Term Recommendation: Light Rail, RT Jones Alignment

As a potential long-term solution for the transportation needs of this area, this study
recommends further study of Light Rail Vehicles on Alignment 1.
In the near-term, current travel demand estimates indicate that there may currently not be high
enough demand to warrant the high capital cost and significant operating costs of a new LRT line.
However, as mass transportation needs change in the area, travel demand for LRT on the RT
Jones Road alignment may eventually warrant a higher capacity, high frequency rail connection,
such as is suggested in VTA’s Transit Sustainability Policy (TSP) and Service Design Guidelines
(SDG). It is recommended that further analysis is done to define how a light rail line could operate
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on the RT jones alignment. Further analysis is also recommended to determine if advances in AV
technology may supersede the viability and cost-effectiveness of LRT in this context.

8.4.

Infrastructure Improvement Recommendations

This study recommends a series of infrastructure improvements to serve the needs of the study
recommendations, as well as the future needs of the Project area. Infrastructure improvements
include:


A Bridge crossing Stevens Creek at Charleston. While other bridge crossing locations
were considered as part of this study (La Avenida Street and Crittenden Lane)
Charleston Road connecting with Allen Road is preferred crossing location because it
would access North Bayshore in a more optimal location than either the La Avenida or
Crittenden crossing. It would also be easier to access and construct than the La Avenida
Crossing, due to its proximity to the Army Reserve area and contaminated soils between
Stevens Creek and the NASA/AMES site, and the Crittenden crossing, due to the location
of floodplains and high water table.



AV Transit Centers at the Bayshore/NASA LRT station and Moffett Blvd. Interchange /
NASA Research Center entrance. New Transit Centers would offer efficiency, safety,
enhanced user experience, and operational benefits. There is an existing parcel adjacent
to the Bayshore/NASA Light Rail station that is currently used for RV and trailer parking
and could be designated for use as a Transit Center. Another location recommended for
a Transit Center is the area around the Moffett Blvd entrance to the NASA/AMES area.
Any of the three recommend Alternatives could be accessed from this location, and a
second Transit Center could significantly improve overall access options and
transportation network functionality to/from the North Bayshore area.



Dedicated AV stations throughout the area. While they are not necessarily required, AV
parking lots throughout the network could also help with operational efficiency and be
added as demand warrants over time. Further study of “network-connected”
automated parking structures placed in key locations to service AVs and conventional
vehicles is also recommended.

8.5.

Next Steps

This study revealed there are several viable options to improve transportation access to the
North Bayshore area that warrant further study. The following are the next steps for this study,
and VTA will continue to seek funding to move forward with these next steps.
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Developing near, mid, and long-term planning and implementation phases. These
efforts should focus on the implementation of bus/BRT options and the advancement
automated vehicle technology through the levels of automation outlined in the Federal
Automated Vehicle Policy through levels SAE 4 and SAE 5; including connected vehicles
and connected transportation infrastructure such as integrated signal systems,
dedicated/exclusive lanes, and comprehensive control systems operated by
computerized management systems.



Developing a phased implementation plan for AV operations, including plans for partial
and fully automated operations, the gradual introduction of AVs into general traffic, and
a gradual introduction of AV fleets. This would also include work to determine when to
transition to at-grade dedicated and grade-separated lanes



Planning, design for a bridge crossing at Charleston Road/Allen Road.



Planning and design for new Transit Centers at the Bayshore/NASA station area and the
Moffett Boulevard entrance to NASA/Ames.



Begin exploration of working with companies to develop AV pilot and testing programs
that could serve the North Bayshore area. These efforts would focus on the
advancement of AV technology including connected vehicle technology, integrated
signal systems and other transportation infrastructure, use of dedicated or exclusive
lanes, and computerized management systems.



Coordination with the City of Mountain View, regarding their AGT Study. This includes
coordinating on the need for a new transportation center near the intersection of North
Shoreline Boulevard and Charleston Road, and other potential station locations
proposed in the AGT Study. The AGT study also recommend elements such as at-grade
or elevated structures, connections with other modes, and AV options. The AGT
recommendations, and the recommendations from this study, will be coordinated and
so that the resulting transportation modes represent an efficient, integrated system.

Appendices:


Cost Estimates (provided under separate cover).
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Capital Cost Estimates

VTA North Bayshore Transportation Study
Cost Estimate Summary

Guideway & Track Elements
Stations, Stops, Terminals, Intermodal
Support Facilities: Yards, Shops, Admin. Bldgs
Sitework & Special Conditions
Systems
Row, Land, Existing Improvements
Vehicles
General (Mobilization, Environmental)
12% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)

Light Rail Transit
At Grade
$ 68,100,000
$ 1,100,000
$ 23,400,000
$ 110,500,000
$ 3,500,000
$ 9,600,000

Alternative Alignment 1
Automated Vehicle
Automated Vehicle
Aerial Guideway
At Grade
$ 77,900,000
$ 11,400,000
$ 13,400,000
$ 400,000
$ 20,000,000
$ 20,000,000
$ 14,500,000
$ 4,400,000
$ 600,000
$ 2,400,000
$ 15,900,000
$ 17,300,000
$ 1,700,000
$ 2,000,000

Bus Rapid Transit
At Grade
$ 21,500,000
$ 300,000
$ 3,100,000
$ 2,300,000
$ 19,100,000
$ 3,600,000

Alternative Alignment 2
Automated Vehicle
Automated Vehicle
Aerial Guideway
At Grade
$ 79,200,000
$ 15,900,000
$ 13,600,000
$ 400,000
$ 20,000,000
$ 20,000,000
$ 14,700,000
$ 4,900,000
$ 400,000
$ 1,200,000
$ 16,700,000
$ 17,400,000
$ 2,200,000
$ 2,500,000

$ 25,900,000

$ 17,300,000

$ 6,900,000

$ 6,000,000

$ 17,600,000

$ 7,500,000

Engineering (Administrative, Preliminary, Final, Construction)
25% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)

$ 54,000,000

$ 36,000,000

$ 14,500,000

$ 12,500,000

$ 36,700,000

$ 15,600,000

Sub‐Total Alternative Cost
Sub‐Total Alternative Cost (Rounded)
40% Contingency

$ 296,000,000
$ 296,000,000
$ 118,000,000

$ 197,000,000
$ 197,000,000
$ 79,000,000

$ 79,000,000
$ 79,000,000
$ 32,000,000

$ 68,000,000
$ 68,000,000
$ 27,000,000

$ 201,000,000
$ 201,000,000
$ 80,000,000

$ 85,000,000
$ 85,000,000
$ 34,000,000

Total Alternative Cost
Total Alternative Cost Per Mile

$ 414,000,000
$ 157,000,000

$ 276,000,000
$ 105,000,000

$ 111,000,000
$ 42,000,000

$ 95,000,000
$ 36,000,000

$ 281,000,000
$ 105,000,000

$ 119,000,000
$ 45,000,000
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10.b

VTA North Bayshore Transportation Study
Alternative 1A Light Rail Transit‐At Grade
Units
Guideway & Track Elements
Guideway: Aerial Structure (24' Wide)
Guideway: Aerial Structure (32' Wide)
Guideway: Aerial Structure (40' Wide)
Guideway: At‐Grade
Track
Stations, Stops, Terminals, Intermodal
At Grade Station (Automate Vehicle)
At Grade Station (Bus Rapid Transit)
At Grade Station (Light Rail Transit)
Aerial Station (Automated Vehicle)
Elevators Escalators
Support Facilities: Yards, Shops, Admin. Bldgs
Administrative Building and Maintenance Facility
Sitework & Special Conditions
Demolition
3% of Total Infrastructure Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Site Utilities, Utility Relocation
10% of Total Improvement Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Systems
Train Control and Signals
Traffic Signals and Crossing Protection
Traction Power Supply and Distribution
Communication
Fare Collection System and Equipment
Central Control
Row, Land, Existing Improvements
ROW Acquisition
Vehicles
Light Rail
Bus
Automated Vehicle
General (Mobilization, Environmental)
12% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)
Engineering (Administrative, Preliminary, Final, Construction)
25% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)

Quantity

Unit Cost

LF
LF
LF
LF
TF

$
$
1,400 $
12,600 $
14,000 $

‐
‐
16,450
410
2,850

EA
EA
EA
EA
EA

$
$
3 $
$
$

‐
‐
360,000
2,744,000
1,670,100

LS

$

20,000,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Cost
68,096,000
‐
‐
23,030,000
5,166,000
39,900,000
1,080,000
‐
‐
1,080,000
‐
‐
‐
‐
23,363,418

PCT

3% $

179,718,600 $

5,391,558

PCT

10% $

17,971,860
110,542,600
39,900,000
2,250,000
55,860,000
12,040,000
492,600
‐
3,472,000
3,472,000
9,610,700
9,610,700
‐
‐

TF
EA
TF
TF
EA
EA

14,000
15
14,000
14,000
3

SF

56,000 $

EA
EA
EA

2 $
$
$

179,718,600 $
$
2,850 $
150,000 $
3,990 $
860 $
164,200 $
100,000 $
$
62 $
$
4,805,350 $
722,920 $
40,000 $

PCT

12% $

216,164,718 $

25,939,766

PCT

25% $

216,164,718 $

54,041,180

$

296,145,664

Total

Pg 2 of 13
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10.b

VTA North Bayshore Transportation Study
Alternative 1B Automated Vehicle‐At Grade
Units
Guideway & Track Elements
Guideway: Aerial Structure (24' Wide)
Guideway: Aerial Structure (32' Wide)
Guideway: Aerial Structure (40' Wide)
Guideway: At‐Grade
Track
Stations, Stops, Terminals, Intermodal
At Grade Station (Automate Vehicle)
At Grade Station (Bus Rapid Transit)
At Grade Station (Light Rail Transit)
Aerial Station (Automated Vehicle)
Elevators Escalators
Support Facilities: Yards, Shops, Admin. Bldgs
Administrative Building and Maintenance Facility
Sitework & Special Conditions
Demolition
3% of Total Infrastructure Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Site Utilities, Utility Relocation
10% of Total Improvement Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Systems
Train Control and Signals
Traffic Signals and Crossing Protection
Traction Power Supply and Distribution
Communication
Fare Collection System and Equipment
Central Control
Row, Land, Existing Improvements
ROW Acquisition
Vehicles
Light Rail
Bus
Automated Vehicle
General (Mobilization, Environmental)
12% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)
Engineering (Administrative, Preliminary, Final, Construction)
25% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)

Quantity

Unit Cost
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Cost
11,354,000
8,456,000
‐
‐
2,898,000
‐
382,000
382,000
‐
‐
‐
‐
20,000,000
20,000,000
4,431,180

LF
LF
LF
LF
TF

1,400 $
$
$
12,600 $
$

6,040
‐
‐
230
2,850

EA
EA
EA
EA
EA

5 $
$
3 $
$
$

76,400
‐
‐
2,744,000
1,670,100

LS

1 $

20,000,000

PCT

3% $

34,086,000 $

1,022,580

PCT

10% $

TF
EA
TF
TF
EA
EA

$
15 $
‐
$
$
$
1 $

SF

279,500 $

EA
EA
EA

$
$
50 $

34,086,000 $
$
2,850 $
150,000 $
3,990 $
860 $
164,200 $
100,000 $
$
62 $
$
4,805,350 $
722,920 $
40,000 $

3,408,600
2,350,000
‐
2,250,000
‐
‐
‐
100,000
17,329,000
17,329,000
2,000,000
‐
‐
2,000,000

PCT

12% $

57,846,180 $

6,941,542

PCT

25% $

57,846,180 $

14,461,545

$

79,249,267

Total
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10.b

VTA North Bayshore Transportation Study
Alternative 1C Automated Vehicle‐Aerial Guidway
Units
Guideway & Track Elements
Guideway: Aerial Structure (24' Wide)
Guideway: Aerial Structure (32' Wide)
Guideway: Aerial Structure (40' Wide)
Guideway: At‐Grade
Track
Stations, Stops, Terminals, Intermodal
At Grade Station (Automate Vehicle)
At Grade Station (Bus Rapid Transit)
At Grade Station (Light Rail Transit)
Aerial Station (Automated Vehicle)
Elevators Escalators
Support Facilities: Yards, Shops, Admin. Bldgs
Administrative Building and Maintenance Facility
Sitework & Special Conditions
Demolition
3% of Total Infrastructure Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Site Utilities, Utility Relocation
10% of Total Improvement Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Systems
Train Control and Signals
Traffic Signals and Crossing Protection
Traction Power Supply and Distribution
Communication
Fare Collection System and Equipment
Central Control
Row, Land, Existing Improvements
ROW Acquisition
Vehicles
Light Rail
Bus
Automated Vehicle
General (Mobilization, Environmental)
12% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)
Engineering (Administrative, Preliminary, Final, Construction)
25% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)

Quantity

Unit Cost
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Cost
77,900,000
77,740,000
‐
‐
160,000
‐
13,395,100
152,800
‐
‐
8,232,000
5,010,300
20,000,000
20,000,000
14,539,863

LF
LF
LF
LF
TF

13,000 $
$
$
1,000 $
$

5,980
‐
‐
160
2,850

EA
EA
EA
EA
EA

2 $
$
3 $
3 $
3 $

76,400
‐
‐
2,744,000
1,670,100

LS

1 $

20,000,000

PCT

3% $

111,845,100 $

3,355,353

PCT

10% $

TF
EA
TF
TF
EA
EA

$
3 $
$
$
$
1 $

SF

256,300 $

EA
EA
EA

$
$
43 $

111,845,100 $
$
2,850 $
150,000 $
3,990 $
860 $
164,200 $
100,000 $
$
62 $
$
4,805,350 $
722,920 $
40,000 $

11,184,510
550,000
‐
450,000
‐
‐
‐
100,000
15,890,600
15,890,600
1,720,000
‐
‐
1,720,000

PCT

12% $

143,995,563 $

17,279,468

PCT

25% $

143,995,563 $

35,998,891

$

197,273,921

Total
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10.b

VTA North Bayshore Transportation Study
Alternative 1D Bus Rapid Transit‐At Grade
Units
Guideway & Track Elements
Guideway: Aerial Structure (24' Wide)
Guideway: Aerial Structure (32' Wide)
Guideway: Aerial Structure (40' Wide)
Guideway: At‐Grade
Track
Stations, Stops, Terminals, Intermodal
At Grade Station (Automate Vehicle)
At Grade Station (Bus Rapid Transit)
At Grade Station (Light Rail Transit)
Aerial Station (Automated Vehicle)
Elevators Escalators
Support Facilities: Yards, Shops, Admin. Bldgs
Administrative Building and Maintenance Facility
Sitework & Special Conditions
Demolition
3% of Total Infrastructure Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Site Utilities, Utility Relocation
10% of Total Improvement Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Systems
Train Control and Signals
Traffic Signals and Crossing Protection
Traction Power Supply and Distribution
Communication
Fare Collection System and Equipment
Central Control
Row, Land, Existing Improvements
ROW Acquisition
Vehicles
Light Rail
Bus
Automated Vehicle
General (Mobilization, Environmental)
12% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)
Engineering (Administrative, Preliminary, Final, Construction)
25% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)

Quantity

Unit Cost

LF
LF
LF
LF
TF

$
1,400 $
$
12,600 $
$

‐
13,170
‐
240
2,850

EA
EA
EA
EA
EA

$
4 $
3 $
$
$

‐
76,400
‐
2,744,000
1,670,100

LS

$

20,000,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Cost
21,462,000
‐
18,438,000
‐
3,024,000
‐
305,600
‐
305,600
‐
‐
‐
‐
‐
3,122,288

PCT

3% $

24,017,600 $

720,528

PCT

10% $

TF
EA
TF
TF
EA
EA

$
15 $
$
$
$
$

SF

308,300 $

EA
EA
EA

$
5 $
$

24,017,600 $
$
2,850 $
150,000 $
3,990 $
860 $
164,200 $
100,000 $
$
62 $
$
4,805,350 $
722,920 $
40,000 $

2,401,760
2,250,000
‐
2,250,000
‐
‐
‐
‐
19,114,600
19,114,600
3,614,600
‐
3,614,600
‐

PCT

12% $

49,869,088 $

5,984,291

PCT

25% $

49,869,088 $

12,467,272

$

68,320,651

Total
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10.b

VTA North Bayshore Transportation Study
Alternative 2A Automated Vehicle‐At Grade
Units
Guideway & Track Elements
Guideway: Aerial Structure (24' Wide)
Guideway: Aerial Structure (32' Wide)
Guideway: Aerial Structure (40' Wide)
Guideway: At‐Grade
Track
Stations, Stops, Terminals, Intermodal
At Grade Station (Automate Vehicle)
At Grade Station (Bus Rapid Transit)
At Grade Station (Light Rail Transit)
Aerial Station (Automated Vehicle)
Elevators Escalators
Support Facilities: Yards, Shops, Admin. Bldgs
Administrative Building and Maintenance Facility
Sitework & Special Conditions
Demolition
3% of Total Infrastructure Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Site Utilities, Utility Relocation
10% of Total Improvement Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Systems
Train Control and Signals
Traffic Signals and Crossing Protection
Traction Power Supply and Distribution
Communication
Fare Collection System and Equipment
Central Control
Row, Land, Existing Improvements
ROW Acquisition
Vehicles
Light Rail
Bus
Automated Vehicle
General (Mobilization, Environmental)
12% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)
Engineering (Administrative, Preliminary, Final, Construction)
25% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)

Quantity

Unit Cost
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Cost
15,928,000
13,288,000
‐
‐
2,640,000
‐
382,000
382,000
‐
‐
‐
‐
20,000,000
20,000,000
4,869,800

LF
LF
LF
LF
TF

2,200 $
$
$
12,000 $
$

6,040
‐
‐
220
2,850

EA
EA
EA
EA
EA

5 $
$
3 $
$
$

76,400
‐
‐
2,744,000
1,670,100

LS

1 $

20,000,000

PCT

3% $

37,460,000 $

1,123,800

PCT

10% $

TF
EA
TF
TF
EA
EA

$
7 $
$
$
$
1 $

SF

280,400 $

EA
EA
EA

$
$
63 $

37,460,000 $
$
2,850 $
150,000 $
3,990 $
860 $
164,200 $
100,000 $
$
62 $
$
4,805,350 $
722,920 $
40,000 $

3,746,000
1,150,000
‐
1,050,000
‐
‐
‐
100,000
17,384,800
17,384,800
2,520,000
‐
‐
2,520,000

PCT

12% $

62,234,600 $

7,468,152

PCT

25% $

62,234,600 $

15,558,650

$

85,261,402

Total
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10.b

VTA North Bayshore Transportation Study
Alternative 2B Automated Vehicle‐Aerial Guideway
Units
Guideway & Track Elements
Guideway: Aerial Structure (24' Wide)
Guideway: Aerial Structure (32' Wide)
Guideway: Aerial Structure (40' Wide)
Guideway: At‐Grade
Track
Stations, Stops, Terminals, Intermodal
At Grade Station (Automate Vehicle)
At Grade Station (Bus Rapid Transit)
At Grade Station (Light Rail Transit)
Aerial Station (Automated Vehicle)
Elevators Escalators
Support Facilities: Yards, Shops, Admin. Bldgs
Administrative Building and Maintenance Facility
Sitework & Special Conditions
Demolition
3% of Total Infrastructure Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Site Utilities, Utility Relocation
10% of Total Improvement Cost
(Guideway and Track Elements, Stations, Sitework,
Systems)
Systems
Train Control and Signals
Traffic Signals and Crossing Protection
Traction Power Supply and Distribution
Communication
Fare Collection System and Equipment
Central Control
Row, Land, Existing Improvements
ROW Acquisition
Vehicles
Light Rail
Bus
Automated Vehicle
General (Mobilization, Environmental)
12% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)
Engineering (Administrative, Preliminary, Final, Construction)
25% of Total Improvement Cost
(Guideway and Track Elements, Stations, Support Facilities,
Sitework, Systems, ROW Acquisition)

Quantity

Unit Cost

Cost
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

79,228,000
79,068,000
‐
‐
160,000
‐
13,625,500
383,200
‐
‐
8,232,000
5,010,300
20,000,000
20,000,000
14,722,955

LF
LF
LF
LF
TF

13,200 $
$
$
1,000 $
$

5,990
‐
‐
160
2,850

EA
EA
EA
EA
EA

2 $
$
3 $
3 $
3 $

191,600
‐
‐
2,744,000
1,670,100

LS

1 $

20,000,000

PCT

3% $

113,253,500 $

3,397,605

PCT

10% $

TF
EA
TF
TF
EA
EA

$
2 $
$
$
$
1 $

SF

269,200 $

EA
EA
EA

$
$
55 $

113,253,500 $
$
2,850 $
150,000 $
3,990 $
860 $
164,200 $
100,000 $
$
62 $
$
4,805,350 $
722,920 $
40,000 $

11,325,350
400,000
‐
300,000
‐
‐
‐
100,000
16,690,400
16,690,400
2,200,000
‐
‐
2,200,000

PCT

12% $

146,866,855 $

17,624,023

PCT

25% $

146,866,855 $

36,716,714

$

201,207,591

Total
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