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2.0 Alternatives

This chapter describes the background and development of the HST System and its individual
components. This chapter also describes the background, development, and provides a detailed
description of the alternatives considered for the Fresno to Bakersfield Section of the HST
System. Six of the alternatives discussed in this chapter are based on the alternatives selected by
the Authority and FRA at the conclusion of the Tier 1 EIR/EIS processes for the HST System (see
Section 1.5, Tiering of Program EIR/EIS Documents). Five
additional alternatives were developed based on substartive Definition of HigBpeed Train
comments received during public and agency review of the (HST) System

Draft EIR/EIS and the Revised Draft EIR/Supplemental Draft .
EIS (Revised DEIR/Supplemental DEIS) With the exception of a Asystem that ||jc|udes HST trad
few geographic areas, alternative alignments at one location are structures, stations, traction po
| : . . substations, maintenance facilit
independent of the selection of alignment alternatives at other and traimable to travel 28(bh
locations, thereby creating 108 possible combinations of HST i
alignments which form end-to-end alternatives. The design

drawings that support the alternativesddescriptions are included as Volume lll (Alignments and
Other Plans) of the EIR/EIS. This Final EIR/EIS analyzes the environmental impacts for the

Fresno to Bakersfield Section of the HST System, including alternatives, direct and indirect

impacts, cumulative impacts, secondary effects, and mitigation measures. Visit the California
High-Speed Rail Authority website (www.hsr.ca.gov) to view and download the EIR/EIS, request

a CDROM EIR/EIS, and locate a library to review a hard copy of the environmental document.
Printed copies of the EIR/EIS have been placed in public libraries in the following cities and
communities: Sacramento, Fresno, Clovis, Laton, Hanford, Lemoore, Corcoran Wasco, Shafter,
Bakersfield, Visalia, Tulare, and Delano. At t he Aut horityo6s website, the f
also available: alternative analyses preceding preparation of the Project EIR/EIS, materials

prepared for coordination with the U.S. Army Corps of Engineers (USACEand U.S.

Environmental Protection Agency (EPA in compliance with the Clean Water Act Section 404(b)(1)

requirements, and technical reports developed for the environmental analyses presented in

Chapter 3.

2.1 Background

2.1.1 California HST Project Background

The planning, design, construction, and operation of the California HST System are the

responsibility of the Authority, a state governing
mandate is to develop a high-speedrai | system t hat is coordinated wit
transportation network, which includes intercity rail and bus lines, regional commuter rail lines,

urban rail and bus transit |lines, hi ghwa-gspsed and air

intercity train service on more than 800 miles of tracks throughout California, connecting the
major population centers of Sacramento, the San Francisco Bay Area, the Central Valley, Los
Angeles, the Inland Empire, Orange County, and San Diego (Figure2-1).*

The California HST System is planned to be implemented in two phases. Phase 1 would connect
San Francisco to LosAngeles and Anaheim via the Pacheco Pass and the Central Valley.Phase 2
would connect from the Central Valley (Merced Station) to the state 6 s capi t al, Sacr amen
another extension is planned from Los Angeles to San Diego (Figure2-1). The HST System would

! The alignments on Figure 2-1 are based on Authority/FRA decisions made in the 2005, 2008, and
2012 Programmatic EIR/EIS documents.

* Phase 1 may be constructed in smaller operational segments, depending on available funds.
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meet the requirements of Proposition 1A, including the requirement for a maximum nonstop
service travel time between San Francisco ard Los Angeles of 2 hours and 40 minutes.
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Figure 2 -1
California HST System Initial Study Corridors
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2.1.2 Fresno to Bakersfield Section EIR/EIS Background

The Fresno to Bakersfield HST Section would be a criticallink in the Phase 1HST System
connecting San Francisco and the Bay Area to Los Angeles and Anaheim. The Authority and the
FRAOs prior progr am E]ISRdtidhl.5 TietiogcolPmogrant HR/EISs e e
Documents) selected the BNSF Railway route for the Central Valley HST between Freno and
Bakersfield in the 2005 Statewide Program EIR/EIS decision document Therefore, the Project
EIR/EIS for the Fresno to Bakersfield Section focuses on alternative alignments along the general
BNSF Railwaycorridor.

The Authority and FRA circulated the Draft EIR/EIS for the Fresno to Bakersfield Section to
affected local jurisdictions, state and federal agencies, tribes, community organizations, other
interest groups, and interested individuals for 60 days from August 15 to October 13, 2011.
Based on substantive comments received during the public and agency review of the Draft
EIR/EIS, the Authority decided to reintroduce alignment alternative s west of Hanford and an
additional alternative through the Bakersfield area.

The Authority determined that the proposed addition of the Hanford West Bypass Alternatives,
the Bakersfield Hybrid Alternative, and refinements being considered for existing Fresno to
Bakersfield alternatives warranted preparation and circulation of a revised Draft EIR analyzing the
potential environmental impacts that might result from the new alternative s and refinements to
existing alternatives, pursuant to Section 15088.5 of the CEQA Guidelines FRA also determined
that these changes to the proje ct alternatives made it necessary to prepare a supplement to the

DratEI' S i n compliance with the Council 0 N40EERR/ i r on me n

15029)and FRAO6s Procedures for Considering Envi

The Authority and FRA circuated the Revised DEIR/Supplemental DEIS for the Fresno to
Bakersfield Section to affected local jurisdictions, state and federal agencies, tribes, community
organizations, other interest groups, and interested individuals for 60 days from July 20 to
September 20, 2012, then extended the comment period for an additional 30 days to October 19,
2012.

2.2 HST System Performance Criteria, Infrastructure , and
Systems

This section provides general information about the performance criteria, infrastructure
components and systems, and function of the proposed HST System as a whole, including for the
Fresno to Bakersfield Section Detailed information on each alternative in the Fresno to
Bakersfield Section is provided in Section 2.3including alignment, station location, and heavy
maintenance facility alternatives. The HST System is envisioned as a state-of-the-art, electrically
powered, high-speed, steelwheel-on-steel-rail technology, which would employ the latest
technology, safety, signaling, and automated train control systems. The trains would be capable
of operating at speeds of up to 220 mph over fully grade -separated, dedicated track.

The infrastructure and systems of the HST alternatives are composed of trains (rolling stock),
tracks, stations, train control, power systems, and maintenance facilities. The design of each HST
alternative includes a double-track rail system to accommodate planned project operational
needs for uninterrupted rail movement. Additionally, the HST s afety criteria recommend
avoidance of at-grade intersections on dedicated HSR alignmentsand, therefore, the system
must be grade-separated from any other transportation system. This means that planning the
HST System would also require grade-separated overcrossings or undercrossings for roadways or
roadway closures and modifications to existing systems that do not span planned right -of-way. In

@CALIFORNIA " 4 rporiason Page?2-3
High-Speed Rail Authority ‘ Federal Railroad

Administration

ronmen



CALIFORNIA HIGHSPEED TRAIN PROJECT FINAL EIR/EIS
FRESNO TO BAKERSFIELD SECTION 2.0 ALTERNATIVES

some situations, it would be more efficient for the HST project to be elevated over existing
facilities.

2.2.1 System De sign Performance, Safety, and Security

The proposed California HST System has been designed for optimal performance and to conform
to industry standards and federal and state safety regulations (Table 2-1). The HST System
would be a fully grade -separated and accesscontrolled guideway with intrusion detection and
monitoring systems where required. This means that the HST infrastructure (e.g., mainline tracks
and maintenance and storage facilities) would be designed to prevent access by unauthorized
vehicles, persons, animals, and objects. The capital cost estimates, presented in Chapter 5 of this
EIR/EIS, include allowances for appropriate barriers (fences and walls), state-of-the-art
communication, accesscontrol, and monitoring and detection systems. Not o nly would the
guideway be designed to keep persons, animals, and obstructions off the tracks, the ends of the
HST trainsets would include a collision response management (CRM) system to minimize the
effects of a collision. All aspects of the HST System would conform to the latest federal
requirements regarding transportation security. The HST trainsets (train cars) would be pressure -
sealed to maintain passenger comfort regardless of aerodynamic change, much like an airplane
body does. Additional information regarding system safety and security is provided in Section
3.11 of this EIR/EIS.

Table 2 -1
HST Performance Criteria

Category Criteria

System Design Criteria Electric propulsion system

Fully grade-separated guideway

Fully accesscontrolled guideway with intrusion monitoring systems where
required

Track geometry to maintain passenger comfort criteria (smoothness of ride,
lateral acceleration less than 0.1 g [i.e., acceleration due to gravity] )

System Capabilities Capable of traveling from San Franciscoto Los Angeles in approximately
2 hours and 40 minutes

All-weather/all-season operation

Capable of sustained vertical gradient of 2.5% without considerable
degradation in performance

Capable of operating parcel and special freight service as a secondary ug
Capable of safe, comfortable, and efficient operation at speeds over 200 mph
Capable of maintaining operations at 3-minute headways

Equipped with high-capacity and redundant communications systems capable
of supporting fully enhanced automatic train control

System Capacity Fully dual track mainline with off -line station stopping tracks

Capable of accommodating a wide range of passenger demand (up to
20,000 passengers per hour per direction)

Capable of accommodating normal maintenance activities without disruption
to daily operations

Level of Service Capable of accommodating a wide range of service types (express, semi
express/limited stop, and local)
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HST operation would follow safety and security plans developed by the Authority in cooperation
with FRA to include the following:

1 A System Safety Program Plan, including a Safety and Security Certification
Program , which would be developed during the final design and construction phases to
address safety, security, and emergency response as it relates to the day-to-day operation of
the system.

1 A Threat and Vulnerability Assessment for security and a  Preliminary Hazard
Analysis and Vehicle Hazard Analysis for safety during the preliminary engineering
phase to produce comprehensive design criteria for safety and security requirements
mandated by local, state, or federal regulations and industry best practices.

1 A Fire Life Safety Program and a System Security Pla n. Under federal and state
guidelines and criteria, the Fire Life Safety Plan would address the safety of passengers and
employees as it relates to emergency response. The System Security Plan would address
design features of the project intended to maintain security at the stations, within the
trackwork right -of-way, and onboard trains. Compliance with these measures would
maximize the safety and security of passengers and employees of the HST project so that
adverse safety and security impacts would be less than significant.

Design criteria would address any applicable FRA safety standards and requiremerts, including
safety requirements for HSTs for use in the United States that are currently in development. The
FRA will require that the HST safety regulations be met prior to revenue service operations. The
following section describes those system components pertinent to the Fresno to Bakersfield
Section.

2.2.2 Vehicles

Although the exact vehicle-type has not yet been selected, the environmental analyses

considered the impacts associated with any of the HST vehicles produced in the world that meet

the Authorityés criteria. AIlI of the worl dbébs HST sy
with power supplied by an overhead system. These include, among many others, the Train &

Grande Vitesse (TGV) in France, the Shinkansen in Japan and Taiwan, and the InterCity Express

(ICE) in Germany. See Figure 22 for examples of typical HSTSs.

Figure 2 -2
Examples of Japanese Shinkansen highspeed trains
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The Authority is considering an electric multiple unit (EMU) concept that would equip several
train cars (including both end cars) with traction motors compared to a locomotive -hauled train
(i.e., one engine in the front and one in the rear). Each train car would have an active suspension
and each powered car would have an independent regenerative braking system (which returns
power to the power system). The body would be made of lightweight but strong materials and
would have an aerodynamic shape to minimize air resistance, much like a curved airplane body.

A typical train would be 9 to 11 feet wide, consisting of two trainsets, each approximately 660
feet long and consisting of eight cars. A train of two trains ets would seat up to 1,000 passengers,
and be approximately 1,320 feet long with 16 cars. The power would be distributed to ea ch train
car via the overhead contact system (which are a series of wires strung above the tracks) and
through a pair of pantographs that reach like antennae above t he train (see Figure 2-3). Each
trainset would have a train control system that ¢ ould be independently monitored with override
control while also communicating with the systemwide Operations Control Center. Phase 1 HST
service is expected to need up to 94 trains in 2035, depending on the HST fares charged.

A computer-based enhanced automatic train control
(enhanced ATC) system would control the trains. The
Authority would design the enhanced ATC systemto
comply with FRAS positive train control regulations,
including the requirements of safe separation of trains,
over-speed prevention, and work zone protection. This
would use a radio-based communications network that
would include a fiber optic backbone and
communications towers approximately every 2 to 3 miles,
depending on the terrain and selected radio frequency.
Ideally, the towers would be located near the HST
corridor in a fenced area of approximately 20 feet by 15
feet, including a 10-foot by 8-foot communications
shelter and a 6- to 8-foot-diameter, 100-foot-tall
communications pole. These communications facilities
could be co-located with the traction power substations.

Figure 2 -3

Example of an at-grade profile
showing contact wire system
and vertical arms of the
pantograph power pickups

2.2.3 Stations

The design of the station areas would provide intermodal connectivity, drop -off facilitie s, an entry
plaza, a station house area for ticketing and support services, an indoor station room where
passengers wait and access the HST, and parking facilities.Station design has not progressed
beyond the conceptual stage. Figure 2-4 shows examples of station components from existing
systems overseas Figure 2-5showsap ot ent i al Afunctional 6 station and
station components. The functional station is a basic designthat could be more elaborate with
cooperation from the local juris diction; the station has the potential to be an iconic building that
would help define the downtown transit core. Preliminary station planning and design are based
on dimensional data from Station Platform Geometric Design guidance (Authority 2008) and
volumetric data from Station Program Design Guidelines (Authority 2009a). All stations would be
designed in accordance with Americars with Disabilities Act (ADA) accessibility guidelines. The
Fresno to Bakersfield Section would include a stationin Fresno, a Kings/Tulare Regional station in
the Hanford area, and a station in Bakersfield.
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Figure 2 -4
Examples of existing stations
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Simulated and plan views of a functional station and its various components
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2.2.3.1 Station Platforms and Tr  ackway (Station Box)

The station would provide a sheltered area and platforms for passenger waiting and circulation
elements (stairs, elevators, escalators). Of the four tracks passing through the station, the two
express tracks (for trains that do not stop at the station) would be separated from those that
stop at the station and platforms. To allow enough distance for safe decele ration of trains, a
platform track would diverge from each mainline track, beginning 3,000 feet from the center of
the 1,410-foot station platform. In order to provide enough distance for acceleration back to the
main line, less distance is needed before rejoining the main

line but an additional stub end refuge track would be Station Parking Facilities
provideql to temporarily store HST trains.in case of Parking demand expectations g
mechanical difficulty, for special scheduling purposes, and based on HSgystem ridership
for daytime storage of maintenance -of-way work trains forecasts where parking availal
during periods when structure and track maintenance is is assumed to be unconstrained
being performed along the line around the station. The meaning 100% of parking demg
wider footprint for the four -track section thus extends for a is assumed to be met. These
total distance of 6,000 feet. projections pr

point to inform discussions with
2.2.3.2 Station Arrival/Departure Facility (Station cities where stations are propos

House) Whié thisProjecEIR/EIS identifie

locations for parking facilities
The station house would be adjacent to the primary needed to satisfy the maximum
entrance and plazas. The station house would be open to forecast demand, parking is
both patrons and visitors. Services within the station house anticipated to be developed ove
may include initial ticketing and check-i n, tr av el e|rtiGesin phases, while dlso
local information services, and concessions. Circulation prioritizing access to the HST
linkages between the station house and the station System through other modes su
platforms may include hallways, an access bridge to cross as trani, which could lead to les
over railroad tracks, stairs, escalators, elevators, and/or parking being necessary. See
moving sidewalks. Syst_em _Ridership and Station_/_

Parking in Section 2.5 for additi
2.2.4 Infrastructure Components information.

The dedicated, fully grade-separated right -of-way needed to operate high-speed trains has more-
stringent alignment requirements than those needed for lower -speed trains. In the Fresno to
Bakersfield Section, the HST alternatives would use four different track profiles. These track
types have varying profiles: low, near -the-ground tracks are at-grade; higher tracks are elevated
or on retained fill (earth); and below -grade tracks are in a retained cut. Types of bridges that
might be built include full channel spans, large box culverts, or, for some wider river crossings,
limited piers within the ordinary high -water channel. The various track profiles are described
below.
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2.2.4.1 At-Grade Profile

At-grade track profiles (Figure 2-6) are best suited in areas where the ground is relatively flat, as
in the Central Valley, and in rural areas where interference with local roadways is less. The at-
grade track would be built on compacted soil and ballast material (a thick bed of angular r ock) to
prevent subsidence or changes in the track surface from soil movement. To avoid potential
disruption of service from floodwater , the rail would be constructed above the 100 -year
floodplain. The height of the at -grade profile may vary to accommodate slight changes in
topography, provide clearance for stormwater culverts and structures in order to allow water
flow, and sometimes wildlife movement.
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- - - : 100 :
2.2.4.2 Retained -Fill Profile 5 = e - E
Retained-ill profiles (Figure 2-7) are : - - : B0 '
used when it is necessary to narrow i, 108 || 1067 i 165 i 1067 || 108 |
the right -of-way within a constrained i HST HST i
corridor to minimize property i i
acquisition or to transition between i i Sakey
an at-grade and elevated profile. The g ;
guideway would be raised off the f%f et 2
.. . . / 7 | Vari
existing ground on a retained fill i i ,Oagg:so‘gﬁp
platform made of reinforced walls, i?oi%w“;‘,“

much like a freeway ramp. Short Undercrossing
retaining walls would have a similar
effect and would protect the adjacent
properties from a slope extending

beyond the rail guideway. _ _ _ Figure 2 _—7
RetainedHill typical cross section

2.2.4.3 Retained -Cut Profile

Retained-cut profiles (Figure 2-8) 100' i

are used when the rail alignment HETROW |
crosses under existing rail tracks, 108 N /W' |
roads, or highways that are at - L/ -—OCS |+ Safety
grade. This profile type is used only 10.67' 16.5' 1067 || Pole | Fence
for short distances in highly HST HST

urbanized and constrained
situations. In some cases, it is less
disruptive to the existing traffic

B ittt 7, .

Walkway
network to depress the rail profile i o b 55
under these crossing roadways. < B PR o
Retaining walls would typically be
needed to protect the adjacent
properties from a cut slope Figure 2 -8

extending beyond the rail guideway.

Retained cut profiles are also used

for roads or highways when it is

more desirable to depress the

roadway underneath an at-grade HST oo
alignment. ; ; Walk-

Retained-cut typical cross section

2.2.4.4 Elevated Profile

Elevated profiles (Figure 2-9) can be
used in urban areas where extensive
road networks must be maintained.
An elevated profile must have a CSEFJEAT
minimum clearance of approximately

16.5 feet over roadways and
approximately 24 feet over railroads.
Pier supports are typically
approximately 10 feet in diameter at (a) Concrete Superstructure (b) Steel Superstructure
the ground. Such structures could also

be used to cross water bodies; even Figure 2 -9
though the trackway might be at- Elevated structure typical cross sections

Single-Cell
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structure

Cell
Steel Box
Girder
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grade on either side, the width of the
water channel could require a bridge

h | L which : ~—OCS Pole
atft e same level, whic would be 1067 165 | 1067

built in the same way as the elevated

profile.

Straddle Bents

When the HST elevated prdfile crosses
over a roadway or railway on a very
sharp skew (degree of difference from
the perpendicular), a straddle bent
ensures that the piers are outside of

Cable Duct

Walkway

Straddle Bent
Support -\

Double-Cell
Steel Box Girder
Superstructure

Concrete
Bent Cap

the functional/operational limit of the

roadway or railway. c .
oncrete —
Column

~—Concrete

As shown in Figure 2-10, a straddle Column i

bent is a pier structure that spans (or E?ds'ﬁng )
istraddl esodo) the fu Freight Rail
limit of a roadway, highway, or N
railway. Typical roadway and highway B
crossings that have a smaller skew

angle (i.e., the crossing is nearly |
perpendicular) generally use
intermediate piers in medians and
span the functional right -of-way.
However, for larger-skew-angle
crossing conditions, median piers would result in excessively long spans that are not feasible.
Straddle bents that clear the functional right-of-way can be spaced as needed (typically 110 feet
apart) to provide feasible span lengths for bridge crossings at larger skew angles.

Figure 2 -10
Straddle bent typical cross section

2.2.5 Grade Separations

A safely operating HST System consists of a fully grade-separated and accesscontrolled
guideway. Unlike existing passenger and freight trains in the project area, there would be no at -
grade road crossings nor would the HST System share its rails with freight trains. The following
list describes possible scenarios for HST grade separations:

1 Roadway overcrossings . There are many roadway and state route facilities that currently
cross at-grade with or over the BNSF railroad tracks. Figure 211 illustrates how a roadway
would be grade-separated over both the HST and the railroad in these situations. Similar
conditions occur where an at-grade HST alignment crosses rural roads adjacent to farmland.
Figure 2-12 is an example of a typical roadway overcrossing of the HST tracks; these
overcrossings would generally occurapproximately every 2 miles to provide continued
mobility for local residents and farm operations. In many locations in the Fresno to
Bakersfield Section, overcrossings(or undercrossings) would be provided approximately
every mile or less, due to existing roadway infrastructure. Overcrossings would have two or
four lanes, each with a width of 12 feet. The shoulders would be 4 to 8 feet wide, depending
on average daily traffic (ADT) volumes. The paved surface for vehicles would therefore range
from 32 to 64 feet wide. Minimum clearance would be 27 feet over the HST. Specifications
are based on county road standards.

1 Elevated HST road crossings . In urban areas, it may be more feasible to raise the HST as
shown previously in Figures 2-9 and 2-10. This is especially relevant in downtown urban
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