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I - Introduction
1.1  Purpose
In September of 1998, the California High-Speed Rail
Authority commissioned this Corridor Evaluation study
to assess and evaluate the viability of various corri-
dors throughout the State for implementation as part
of a statewide high-speed rail system.  The corridors
were evaluated on the basis of capital, operating and
maintenance costs, travel times and engineering, op-
erational and environmental constraints.  The corridors
were compared and evaluated on a regional basis and
as part of a statewide system.  The findings of this
corridor evaluation study comprise an important com-
ponent in the development of a system of corridors
and also provide a basis for ridership, revenue and
financial studies.  The system of corridors will be the
basis for preparing an environmental impact statement
and impact report for a comparison of alternatives.

This report documents the assumptions, parameters
and methodologies and presents the results and find-
ings used in this corridor evaluation study.

1.2  Background
The California Intercity High Speed Rail Commission
(Commission) was established in 1993 by Senate Con-
current Resolution (SCR) 6 to investigate the feasibility
of high speed rail (HSR) for California, specifically, a
system connecting the San Francisco Bay Area with
Los Angeles with extensions to San Diego and Sacra-
mento.  To address this question of feasibility, the Com-
mission successfully conducted a series of technical
studies encompassing ridership and revenue fore-
casts, economic impact and benefit cost analyses, in-
stitutional and financing options, corridor evaluation
and environmental constraints analyses, and prelimi-
nary engineering feasibility studies.  Based on these
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studies, the Commission determined that HSR is tech-
nically, environmentally and economically feasible and
set forth recommendations for the technology, corri-
dors, financing, and operation of the system.

A new High Speed Rail Authority (Authority) was cre-
ated in 1996 by Senate Bill 1420 with the mandate to
direct the development and implementation of inter-
city high speed rail service in California.  The Author-
ity is responsible for the preparation of a proposed
financial plan that would lead to construction and op-
eration of a high speed rail network for the state con-
sistent with and continuing the work of the Commis-
sion.  The Authority has until the end of the year 2000
to secure finding for the system otherwise it will sun-
set.  Towards this goal, the Authority is proceeding
with the preparation of the plan and an extensive pub-
lic outreach program.

Gaining the consensus and support of the local agen-
cies and the public across the state will be crucial to
the success of the Authority.  In this regard, there are
still several technical issues to be addressed.  These
issues are generally related to corridor alignment, sta-
tion placement, and system integration with existing
and planned transportation facilities.  Some of these
issues were raised during and immediately subsequent
to the previous corridor evaluation studies.  For in-
stance, several issues were raised regarding service
between Los Angeles and San Diego, primarily due to
the limited number of extension corridor options that
could be addressed in that study.  Other issues have
been raised as local jurisdictions have taken the time
to consider the ramifications of the proposed HSR sys-
tem.  Certainly more questions and issues will arise as
the Authority moves ahead with their planning efforts.

Addressing these issues will be paramount to gaining public and agency sup-
port for the construction of a statewide high speed rail network.

1.3  Organization
Subsequent to this introduction, this report is organized in five key chapters as
follows:

Assumptions and Parameters � this section documents key system parameters
and assumptions, as applied in this corridor evaluation study. The parameters
include the definition of the Commission proposed system (Baseline) which was
the starting point for the Authority�s analysis, design guidelines, operating as-
sumptions, capital and operating unit costs and other planning assumptions.

Regional Corridor Evaluation � this chapter defines and describes the regional
corridor alternatives studied and presents the evaluation of these alternatives
with respect to capital and operating costs, travel times, and constraints (envi-
ronmental, engineering, and operating).

Overall Corridor Comparison � this chapter defines and describes the statewide
corridor alternatives studied and presents the evaluation of these alternatives
with respect to capital and operating costs, travel times, and constraints (envi-
ronmental, engineering, and operating).

Operating Strategy Development � this chapter describes the development of a
conceptual operating plan for the California HSR, including frequency and types
of service.  The potential for commuter service in addition to the intercity service
is also addressed and analyzed.

Implementation Issues � this chapter addresses key issues associated with
the implementation of the recommended system.  These issues include
planning and project development, project staging/phasing, project procure-
ment and institutional issues.
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Exhibit 2-1
Previous Commission Proposed Corridor (Baseline)

II - Assumptions and Parameters

The purpose of this chapter is to present a summary of
key system parameters and assumptions, as applied
in this corridor evaluation study.  This chapter defines
the overall features of the Commission proposed sys-
tem to serve as a �Baseline� or datum line for our com-
parisons.  This chapter also defines key parameters
including design guidelines, operating assumptions,
capital and operating unit costs and other planning
assumptions.  These assumptions and parameters
were reviewed by the Authority directors and staff, and
the consultant team as well as peer reviewed, prior to
application in the technical studies.

The material presented in this chapter incorporates
research by the project team, information obtained on
the Authority�s European High-Speed Rail Tour, and the
input received from HSR operators, manufacturers and
consultants

2.1 Commission Proposed
       System (Baseline)
The statewide high-speed rail corridor system recom-
mended by the previous High-Speed Rail Commission
is almost 680 miles (1100 km) long and links all of
California�s major population centers: Sacramento, the
San Francisco Bay Area, the Central Valley, Los Ange-
les, and San Diego (Exhibit 2-1).  The Commission�s
recommended corridor served as a starting point or
Baseline alternative for the studies presented in this
report; thus, it is important to define this system early
in this report.



Final Report - California High-Speed Rail Corridor EvaluationII - 2

VHS
System

Maglev 
System

Capital Cost (1999 $billion)
 Los Angeles - San Francisco/San Jose  
 Los Angeles - San Diego
 Stockton - Sacramento 
 Sub Total  
 Vehicle Cost 
 Support Facilities 
Total
Operations and Maintenance Costs  
 Annual Train-miles (millions) 
 Annual O&M Costs (millions) 
Length (miles/km)  
 Los Angeles - San Francisco/San Jose  
 Los Angeles - San Diego 
 Stockton - Sacramento 
Total  
Express Travel Times (hours : minutes)  
 Los Angeles - San Francisco 
 Los Angeles - San Jose 
 Los Angeles - San Diego 
 Los Angeles - Sacramento 
 San Francisco - Sacramento 
 Fresno - San Jose 
 Fresno - Los Angeles 
 Fresno - San Francisco 
 Bakersfield - San Francisco 
 Bakersfield - Los Angeles 
 Sacramento - San Jose 

$13.4 
6.6 
1.8

21.8 
1.2
0.3 

23.3 

15.8 
$357 

460 / 740 
158 / 254 

58 / 93 
676 / 1088 

2:52 
2:33 
1:11 
2:34 
1:21 
1:04 
1:33 
l:23 
l:54 
l:00 
l:03 

$19.2
8.5
2.5

30.2
1.1
0.3 
31.6

15.8 
$364 

Same
Same
Same
Same

2:05
1:52
0:56
l:54
l:02
0:47
l:09
0:60
1:22
0:46
0:50

Exhibit 2-2
Baseline System Characteristics

As shown in Exhibit 2-1, the Los Angeles-San Fran-
cisco Bay Area segment extends from Los Angeles
Union Station in Southern California to northern termini
in the downtown of San Francisco and San Jose.  The
route crosses the Tehachapi Mountains via an Ante-
lope Valley route and serves the Central Valley with an
alignment in the vicinity of SR-99.  South of Stockton,
the route enters the Bay Area via the Altamont Pass.
Once within the Bay Area, the main line branches at
Newark with one branch continuing across a newly con-
structed Dumbarton rail bridge and up the Peninsula
(using the Joint Powers Board right-of-way) to down-
town San Francisco.  The other branch continues south
from Newark to San Jose.  An alignment from Stockton
connects Sacramento to the system.  Service between
Los Angeles and San Diego utilizes an inland route
approximating the I-215/I-15 corridor and serving San
Bernardino and Riverside Counties.

The corridor recommended by the Commission
was defined as an electrified, double tracked and
completely grade-separated passenger rail sys-
tem with maximum speeds exceeding 200 miles
per hour.  Exhibit 2-2 summarizes some of the
key characteristics of this system.              .
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Exhibit 2-3
Steel Wheel on Rail (VHS)
TGV, France

Technology
Two technology groups were utilized to develop the de-
sign criteria and to simulate performance characteris-
tics for the California HSR corridors.  The groups were
classified by their speed (both currently obtainable
speeds as well as targeted speeds that may result from
further research and development) and by similar de-
sign characteristics.

The Very High Speed (VHS) group includes trains ca-
pable of maximum operating speeds near 220 mph (350
km/h) utilizing steel-wheel-on-rail technology   (Exhibits
2-3 and 2-4).  With its high speeds, a dedicated, fully
grade-separated right-of-way is required for safety and
operational issues with more stringent alignment require-
ments than those needed for lower speed lines.  All VHS
systems in operation use electric propulsion with over-
head catenary and include the Train à Grande Vitesse
(TGV) in France operating at up to 186 mph and the
InterCity Express (ICE) in Germany which operates at
155 mph.

The Magnetic Levitation (Maglev) group utilizes either at-
tractive or repulsive magnetic forces to lift and propel the
train along a guideway (Exhibit 2-5).  Current systems un-
der development are designed for maximum operating
speeds above that of VHS technology, 310 mph (500 km/h)
and beyond.  Magnetic levitation allows the vehicles to hover
or �float� a small distance above the guideway, thereby elimi-
nating friction and rolling resistance.  Due to the unique,
guideway required, the shared use of track by conventional
steel wheel systems is infeasible although right-of-way may
be shared.  While there are currently no Maglev systems in
revenue service, the success of the German Transrapid
system�s 20-mile test guideway has led to its certification for
use in Germany and a Hamburg-Berlin line is approved for
construction with expected service by 2006.

Exhibit 2-4
Steel Wheel on Rail (VHS)
ICE-3, Germany



Final Report - California High-Speed Rail Corridor EvaluationII - 4

Speeds
The proposed technology is focused on the next genera-
tion of VHS and Maglev trains to provide both frequent ser-
vice and fast travel times.  It is anticipated that trains will
travel at maximum operating speeds near 220 mph (350
km/h) for VHS technology and 310 mph (500 km/h) for
Maglev.  Average operating speeds will, of course, be lower,
around 155 mph (250 km/h) for VHS technology and 185
mph (300 km/h) for Maglev.  Speeds in urban areas are
constrained to a maximum around 125 mph (200 km/h)
due to physical and environmental constraints.  These
speeds allow for express travel times between San Fran-
cisco and Los Angeles of about two and one half to three
hours with VHS technology and two to two and one-half
hours with Maglev, depending on the corridor.

Electrification
An electrical propulsion system is necessary to provide the
performance characteristics (e.g. speed and acceleration)
required to be competitive with other modes of travel in
California.  Both of the technology groups utilize electric
propulsion systems.

Double Track/Guideway
Both technology groups require a dual track/guideway sys-
tem to safely support the ridership volumes, frequency of
service, scheduling flexibility and delay recovery required
for this California corridor.

Grade Separation
Due to the safety and performance requirements, there will
be no grade crossings permitted on the HSR line.  No ve-
hicles or pedestrians will be permitted to cross the tracks,
which would expose them to a possible collision with a train.
In addition, the right-of-way will be fully access controlled
(fenced) in areas of high-speed operation to avoid intrusion
by pedestrians, wildlife and livestock.

Exhibit 2-5
Magnetic Levitation (Maglev)
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Exhibit 2-6
Design Speeds

2.2 Design Parameters
This section presents the design parameters includ-
ing speeds, geometry and clearances applied in the
current corridor evaluation studies for each of the can-
didate technologies.  The criteria presented are based
on accepted engineering practice, the criteria and
experiences of other railway and high speed rail sys-
tems, and recommendations of VHS and Maglev manu-
facturers.  The alignment criteria and clearances, as
set forth, were established with the following objec-
tives:

¨ Maximum system safety
¨ Acceptable passenger comfort
¨ Minimum wear on rails and wheels for rail tech-

nologies
¨ Compatibility with railcar characteristics
¨ Maximum operating speed and efficiency.

Design Speeds
Exhibit 2-6 presents the range of maximum operational
speeds and acceleration/deceleration characteristics
assumed for the two technology groups under consid-
eration, allowing for expanded capabilities in the next
generation of VHS equipment.  Because of variations
in performance and equipment characteristics, each
group has its own geometric design criteria.

Horizontal Alignment
The horizontal alignment design parameters are based
on passenger comfort; limiting the lateral force on the
passenger.  To limit the discomfort caused by exces-
sive lateral force, the track is superelevated (tilted) to-
ward the inside of the curves, minimum lengths of tan-
gents and curves are required for VHS, and spiral tran-
sition curves are applied to assure a gradual introduc-
tion of lateral force.  The steady state lateral forces are

Ea = actual superelevation (inches or degrees), Ee = equilibrium superelevation (inches or degrees),
Eu = unbalanced superelevation (inches or degrees), Lc = minimum length of circular curve (feet),
Le = spiral length (feet), Ls = minimum length of transition spiral (feet), Lt = minimum tangent length (feet),
R = radius (feet), V = velocity (mph)
(1) Specific comments were made by VHS and Maglev manufacturers regarding superelevation and spiral length
formulae.  More information has been requested to resolve these comments and is forthcoming.  The differences
will not have a significant effect on the alignments generated in previous studies.

Exhibit 2-7
Horizontal Alignment

VHS Maglev 

180 - 220 mph
(290 - 350 km/h) 

125 - 155 mph
(200 - 250 km/h)

220 - 310 mph
(350 -500 km/h)
155 - 220 mph

(250 - 350 km/h)

Top Speed
 
Average Speed
 
Acceleration
0 - 62 mph
62 - 124 mph
124 - 186 mph
186 + mph mph/s     
Deceleration 

mph/s
1.3
1.0
0.6
0.6

mph/s
1.6

(km/h/s)
2.1
1.6
1.0
1.0

(km/h/s)
1.9

(km/h/s)
3.2
3.2
2.5
1.8

(km/h/s)
2.9

mph/s
1.9
1.9
1.5
1.1

mph/s
1.8

VHS Maglev 

Not required

16o

Ee-Ea
5o

2.22 V
1148' (350m)

1.47 Ea V
56.05 V sin Eu

66 Ee

2.22 V 
3.96 V2

R 
    7 " 
Ee-Ea 

5 " 
2.22 V 

650' (200m) 
l.38 Ea V

0.98 Eu V 
62 Ee 

Minimum tangent length 
Equilibrium superelevation 1(Ee)

 Max Ee 
Unbalance superelevation (Eu) 
Max Eu 
Minimum length of circular curve (Lc) 
 Minimum radius 
Spiral length 1 (Le) - Greater of:    
(None required if Ls<0.01 R) 

Sin-1 V2

14.95R
(      )
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Lt = length of constant grade (feet), LVC = length of vertical curve (feet),
R = vertical curve radius (feet), V = velocity (mph)
(1) Combined effects of steep grades and horizontal curves on passenger comfort
      will need to be considered in design phase of project.
(2) Comments were received from Transrapid International regarding geometric
      formulae.  More information has been requested.

VHS Maglev 

4.38 V 
2.22 V 

 

3.5  
5.0 
0.0 
0.25
0.0
0.0 

3.33 V2   
2.22 V2 

 4.38 V  
2.22 V 

not required
not required

 

not required
10.0 (1) 

Same 
Same
Same
Same

Same (2)

Same (2)

Length of constant grade (Lt)  
Desirable 
Minimum 
Gradient (in %)  
Mainline Tracks: 
(desirable maximum) 
(absolute maximum) 
Stations: (desirable minimum) 
               (absolute maximum)
Yards and secondary tracks:
Storage and transfer tracks: 
Vertical curve radius (R)  
Crest 
Sag  
Length of vertical curve (LVC)  
Desirable 
Minimum 
(increase 50% if in horizontal curve)

Exhibit 2-8
Vertical Alignment

limited to 0.1g or 3.2 ft/s2 (1 m/s2) in the design param-
eters described below for both technology groups.
Exhibit 2-7 includes formulae for determining
superelevation and minimum lengths of tangents,
curves, and transition curves for the two technology
groups.

Vertical Alignment
The vertical alignment, also known as the profile, traces
the elevation of the top of rail or top of the Maglev guide-
way running surface.  Maximum profile gradients are
based on trainset performance.  The length of vertical
curves is governed by the vertical force that passen-
gers can comfortably experience in profile crests and
sags.  According to standard U.S. passenger rail prac-
tices, the allowable forces in sags (downward 0.03g)
is slightly greater than that for crests (upward 0.02g)
and are practically the same from a standpoint of mini-
mum and desirable criteria. There is also a minimum
length of profile tangent and vertical curves, which pre-
vent a roller coaster effect in profiles.

Included in Exhibit 2-8 are recommended maximum
gradients for main lines, secondary tracks and yards,
and stations.  Also included are formulae for comput-
ing radii of vertical curves and minimum curve and
tangent lengths.

For VHS technology, the desired maximum gradient is
3.5%, although train set manufacturers claim that the
technology is capable of 5% grades.  An alignment
using 5% grades would have a significant reduction
in both tunnel lengths and capital costs.  Some of the
drawbacks of 5% grades include significantly higher
energy usage and reduced speeds due to the steep
sustained grades.  Furthermore, 5% grades have yet
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to be tested in revenue service and freight operations
would be limited.

Clearance Requirements
Adequate clearances assure the safe passage of
trains, access to disabled trains, safe conditions for
maintenance personnel and passenger evacuation.
Minimum clearances are specified in Exhibit 2-9.

Right-of-Way Requirements
The minimum right-of-way limits for typical operating
sections of the HSR system are shown in Exhibit 2-10.
These limits represent the minimum right-of-way required
for basic implementation of a specific operating sec-
tion.  Other factors such as topography, cut-and-fill
slopes, drainage, retaining walls, service roads, utilities,
technology (VHS or Maglev) operating speeds, and con-
struction methods also influence the extent of the re-
quired right-of-way envelope.  Typical cross-sections for
each technology group are included in Appendix A.

For cost estimating purposes three general parameters
were followed:  (1) a minimum right of way corridor of 50
feet (15.2 m) has been assumed in congested corridors;
(2) a 100 foot (30.4 m) corridor has been assumed in
less developed areas to allow for drainage, future ex-
pansion and maintenance needs; and (3) a wider corri-
dor was assumed in variable terrain to allow for cut and
fill slopes.

For comparison purposes, the width of right of way cor-
ridor required for a new freeway section with compa-
rable capacity is over 220 feet.

Exhibit 2-10
Minimum Right-of-Way Requirements

VHSType of Section Maglev

At-Grade/Cut-and-Fill/Retained Fill 
Aerial Structure 
Tunnel (Double Track) 
Tunnel (Twin Single Track) 
Trench/Box Section

50 ft (15.2 m) 
50 ft (15.2 m) 
67 ft (20.4 m) 

120 ft (36.6 m) 
70 ft (21.3 m) 

47 ft (14.3 m)
49 ft (15 m)

67 ft (20.4 m)
120 ft (36.6 m)
73 ft (22.2 m)

Exhibit 2-9
Clearances

(1) Transrapid Maglev
(2) TGV system requires 4.5 m, ICE requires 4.7m @ 350 km/h.

VHS Maglev (1) 

Horizontal  
Centerline of track/guideway 
to face of fixed object   

Vertical  
Top of rail/guideway to face of 
fixed object (minimum)  
Track/guideway centerline spacing   
Double track center to center                        
distance  

Minimum 
 
Emergency walkway width 
(minimum clear) 

10 ft 4 in (3.1m)
@350 km/h

 
21 ft (6.4 m) 

13 ft 9 in (4.2m) 
@270 km/h

 
(2)15 ft 8 in (4.7 m) 

 @ 350 km/h 

30 in 

9 ft 5 in (2.8m)
@400 km/h

10 ft 4 in (3.1m)
  @500 km/h

12 ft 2 in (3.7 m)

14 ft 5 in (4.4m)
@300 km/h

16 ft 8 in ( 5.1 m)
 @500 km/h

Same
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the route.  All intermediate stations incorporate siding tracks for stopping trains,
allowing through movement of express trains.  This assumption directly addresses
speed and operating issues.  In general, stations are spaced following the pat-
tern of urban centers (about 50 miles in rural areas), with overall average spac-
ing at approximately 30 miles and in metropolitan areas an average spacing of
15 miles.  Closer spacing would have significant impacts on the ability to oper-
ate express and local traffic on the same dual track system in these areas due to
substantial differences in operating speeds.

Station Design Parameters
The stations are assumed to have high-level boarding platforms to facilitate load-
ing and unloading of passengers as well as meet requirements for disabled
passengers per the Americans with Disabilities Act (ADA).  Station platforms are
assumed to have a minimum length equivalent to that of a 10 car train, approxi-
mately 1300 feet (400 m).  The assumption of train length and capacity was
based on an iterative process between the preliminary ridership forecasts and
the conceptual operating plan.

Stations
The selection of stations is one of the key consider-
ations that will affect the relative effectiveness and ef-
ficiency of the proposed high-speed rail service.  The
number and spacing between stations and local ac-
cess to these sites are critical to the trade-off between
system accessibility to riders and line haul travel time.
The location of the stations with respect to travel mar-
kets and transportation infrastructure, the ease of
intermodal access to and from the station, and the
travel time to and from the station can be critical de-
terminants of system performance.

Several key factors were considered in the identifica-
tion of potential station stops along the system includ-
ing speed, cost, ridership potential, operating policy,
local access times, intermodal connectivity and the
distribution of population and major destinations along
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2.3  Capital Cost Assumptions
The capital costs have been categorized into discrete cost elements.  In general,
the capital costs were estimated by determining the appropriate unit costs for the
identified cost elements and the cost element quantities from HSR alignment plan
and profile drawings.  Each cost element is defined below along with the methods
and assumptions applied in each case.

Alignment Costs
Track and Guideway Items
HSR Track/Guideway:  for steel rail systems (VHS), this includes ballast, subballast
rails, ties, fasteners, and special trackwork (turnouts, sidings, etc.).  For Maglev
systems, this consists of the guideway beams including glide surfaces, guidance
rails, and stator packs (the long stator windings are included as a part of the pro-
pulsion system).  The track required in the maintenance and service facilities, as
well as the at-grade or elevated reinforced concrete substructures/foundation guide-
way costs, including switches, within maintenance and service facilities, are in-
cluded with the cost of the those facilities.

Track/guideway unit costs were applied per unit length of alignment.  For the rail
technologies, separate unit costs were applied to account for lengths of ballasted
track section and direct fixation.  Separate unit costs were applied to account for
Maglev at-grade and elevated guideway construction.  Special trackwork costs
were estimated based on the length of the segment and the need for special track/
guideway features, such as turnouts, crossovers, etc.  Special trackwork costs
were estimated at 15% of total track/guideway costs.

Earthwork and Related Items
Included in the detailed categories below are all the earthwork elements and other
items related to site development.

Site Preparation:  the costs for �clearing and grubbing� which cover the removal of
unsuitable surface debris, and removal of vegetation.  This also includes the cost of
�grading� which is the movement of dirt around the site to prepare the surface for
construction.  Site preparation also includes work done to make the site usable
after the demolition of existing structures.

Unit costs for site preparation were applied to the total area required for earthwork

operations along a given segment.  The amount of area
was based on the earthwork volume calculations.

Earthwork:  the general category of �earthwork� is made
up of four constituent activities:  excavation, embank-
ment, spoil, and borrow.  Earthwork incidental to the con-
struction of a structure, such as the excavation for a
bridge foundation, would not be included here � that
cost is a part of the structural estimates.

Unit costs of earthwork were applied to the total volume
of earthwork required along a given segment.  A digital
terrain model was used to calculate the earthwork vol-
umes based on the profile of each segment.

Landscaping:  for areas alongside the tracks/guideways
within the HSR right-of-way.  Plantings in station areas to
be included under passenger stations.  The landscap-
ing along the route includes the seeding of cut slopes
and embankments.

Fencing:  a security chain link fence 8 feet (2.5 meters)
in height along the right-of-way.  All at-grade sections,
cut & fill sections, tunnel portals, and maintenance ar-
eas will be fully fenced.  A unit cost for fencing was ap-
plied per length of alignment.

Drainage Facilities:  includes culverts and other struc-
tures needed for track/guideway and cross drainage
purposes only, including track underdrains if needed.
This does not include bridges that may handle drainage
in addition to their primary purpose.  The cost of drain-
age facilities was estimated at five percent of the cost of
earthwork for each segment.
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Structures, Tunnels and Walls
Structures are defined as those elements that require struc-
tural engineering for design, and fall into the categories be-
low.  Buildings (such as passenger terminals and mainte-
nance facilities) are not included under structures but are in
other elements.

Viaducts and Bridges:  costs for prestressed reinforced
concrete aerial structures include the abutment (for a bridge
or viaduct) as well as the bridge itself.  Included in the cost
of that bridge would be the excavation for the abutment
including all wing walls and transition slabs.  Also included
is all the foundation work, including the earthwork needed
to construct the foundations.  Included under bridge costs
are waterway crossings, which were calculated on a per
crossing basis.  Viaducts and bridges required for road-
way or rail crossings are included in the grade separations
element.

It should be noted that in California a similar structural sec-
tion is expected to be required for both Maglev and rail
technologies � since aerial structure design for both are
controlled by the same seismic loading combination, ac-
cessibility and serviceability requirements.  In geographi-
cal areas of lower seismicity, other loading combinations
(e.g. live load) may control.  Under those conditions, the
lower live load of Maglev vehicles over rail vehicles may
result in a reduction of construction costs for aerial struc-
tures.  A unit cost was applied per length of aerial structure.
Different unit costs were used for standard aerial guideway
and special structures requiring spans greater than 120
feet (36.6 m) and height exceeding 30 feet (9.1 m).

HSR Tunnels:   tunnel boring machine (TBM) and drill and
blast (D&B) tunnels constructed beneath the ground level
that only require surface occupation at the openings of the
tunnel.  The costs for these tunnels for the HSR system in-

clude all structural work, ventilation systems, electrical systems related to tunnel (such
as lighting, fans, etc.), special drainage, etc. needed to make the tunnel ready for the
railroad.  This item does not include the track, signaling or traction power systems.  Unit
costs were applied per length of single and double track tunnel sections.

Seismic Chambers:  an oversized tunnel segment to accommodate track realignment
and passage of the train subsequent to a major fault rupture event where large displace-
ment is expected.

Retaining Walls:   used to support embankments and retained fill along cut sections
(retaining walls that are a part of abutments for bridges are included in the bridge costs).

Intrusion Barriers:  structural walls (including foundations) required to prevent incursion
of vehicles from one area to another.  Generally, they are included whenever the HSR
track/guideway is at-grade and adjacent to existing freight railroad operations.

Sound Walls:  walls used only for sound mitigation, including all foundations and appur-
tenances needed for their support.  Sound walls were included in segments where land
use densities warranted their use.  For a given segment, the amount of sound wall
required was based on the percentage of developed land uses along that segment.
This sound mitigation cost was estimated separately from and in addition to the environ-
mental mitigation cost.

Grade Separations
Bridges and Undercrossings :   highway and railroad overcrossings/undercrossings of
the HSR system.  All crossings with other transportation facilities must be grade sepa-
rated from the HSR system.  The unit costs applied for these grade separations include
all of the cost elements necessary to complete the construction of the grade separa-
tions, such as earthwork, traffic handling, drainage, etc.  The number of existing cross-
ings (roadway and rail) per segment was quantified per USGS line graph information,
field reconnaissance and other mapping sources according to type (at-grade, under or
over) and size (primary, secondary and minor roadways).  Judgements were made
regarding the proposed crossing type, including undercrossings for farm equipment in
agricultural areas and the option of closure for minor roadways, and costs were calcu-
lated on a per crossing basis.  In the San Francisco Bay Area, extensive field surveys
were used to determine a more precise quantification and classification of crossings.
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Building Items
Passenger Stations:  platforms, circulation, lighting, security measures and all auxiliary
spaces including intermodal connection areas.  Spaces are provided within the station
for ticket sales, passenger information, station administration, baggage handling, and a
reasonable amount of commercial space for newsstands, restaurants, etc.  Dif-
ferent station facility unit costs were applied to four separate station classifica-
tions:  terminal, urban, suburban and rural.  The different unit costs account for
differences in station size, configuration and general location.  These costs are
assumed to be a rough average, since station costs are expected to vary widely
by location.

Site Development & Parking:  the paving, parking structures and landscaping of
the site around the passenger station building.  Also included is the provision of
street and highway modifications necessary to provide access to the site.  Differ-
ent site development unit costs were also applied to the four station classifica-
tions:  terminal, urban, suburban and rural.

Rail and Utility Relocation
Railroad Relocation:  The cost of track relocations (temporary or permanent)
required to place HSR track/guideway into existing rail corridors, including all
construction work needed to relocate the railroad, including earthwork, trackwork,
etc.  A unit cost was applied to the length of alignment requiring relocation.

Utility Relocation:  the cost of major utility relocations that must be done before
constructing the facilities, such as: overhead power lines, pipelines, and under-
ground ductbanks.  Different unit costs were applied to the total length of align-
ment based on the intensity of land use development along the alignment.

Right-of-Way Items
The total cost associated with the purchase of land and/or easement rights for
the HSR system.  Includes relocation assistance and demolition costs.  Property
values and acquisition costs can range from quite modest in undeveloped areas
to quite significant in areas where high-value commercial properties near sta-
tions are needed.  In some cases, the cost of acquisition services may equal or
exceed the cost of the property itself.  These costs include those for title searches,
appraisals, legal fees, title insurance, surveys, and various other processes.

The cost estimates assume that a minimum right of
way width of fifty feet (15.2 m) is necessary throughout
the length of each segment.  Even when the alignment
is primarily within existing rail rights of way, costs are
estimated to account for the purchase and or lease
agreements necessary for operation in these corridors.
Wider right of way sections are necessary in moun-
tainous areas where large cut and fill slopes are re-
quired.  Different right of way unit costs were applied
according to the density of the surrounding land uses
as determined from the satellite thematic imagery.

Three general parameters were followed:  (1)  a mini-
mum right of way corridor of 50 feet (15.2 m) has been
assumed in congested corridors; (2) a 100 foot (30.4
m) corridor has been assumed in less developed ar-
eas to allow for drainage, future expansion and main-
tenance needs; and (3) a wider corridor was assumed
in variable terrain to allow for cut and fill slopes.

Environmental Impact Mitigation
The total cost associated with mitigation of environ-
mental impacts such as wetland replacement, parkland
mitigation and biological resource/habitat replacement.
Noise mitigation with sound walls and right of way im-
pact and relocation mitigation are estimated separately
as defined above.

The total cost of environmental mitigation was estimated
to be three percent of the line construction costs (i.e.
track, earthwork, structures, etc.) for each segment,
based on other recently implemented transportation
corridors in California.  The environmental mitigation cost
for a Maglev system is anticipated to be the same as for
a VHS system.
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Systems Elements
Signaling and Communications Items
Signaling:  these costs cover the cost of wayside, on-board
and central control software and hardware for the overall
signaling system.  The unit costs are applied per length of
track/guideway.  The VHS technologies operate either on
the basis of moving block technology with automatic train
protection (ATP) or automatic train control (ATC) and auto-
matic train operation (ATO).

Communications:  includes a high capacity fiber optic back-
bone with full redundancy, which is key for the operation of
the Supervisory Control and Data Acquisition (SCADA) and
reliable ATC systems.  The communication system will be
used for operations, maintenance and emergencies, phone
and fax capabilities (en-route), closed circuit television, pub-
lic information systems, public address systems, and other
monitoring and detection devices needed for a safe and
efficient operating system.  The unit costs are applied per
length of track/guideway.

Wayside Protection Systems:  includes systems/equipment
to monitor and/or detect obstacles which may be placed or
fall onto the track/guideway, intrusion, flooding, wind, seis-
mic activity and equipment failures (broken rails, hot axles,
dragging equipment, etc.).  The unit costs are applied per
length of track/guideway.

Electrification Items
Traction Power Supply:  the entire cost of the substations,
including site preparation, foundations, cable trenches, fenc-
ing, electrical equipment, etc.  The unit costs are applied
per unit length of track/guideway.  It does not include the
cost of transmission lines from the local utility source to the
substations.  Those are included in the energy costs, a part
of the operating and maintenance costs.

Traction Power Distribution:  for VHS systems, this includes the catenary poles and
foundations, the catenary wires and supports, tensioning devices, power feeders and
returns, transformers and other appurtenances.  For Maglev systems it includes the
power transmission cables and control equipment along the guideway as well as the 3-
phase longstator cable windings (mounted in the stator packs on the underside of the
guideway).  The unit costs are applied per unit length of track/guideway.

Vehicle Costs
These are costs for trainsets (locomotives and coaches).  A 600-650 passenger trainset
is assumed based on an iterative process between the preliminary ridership forecasts
and the conceptual operating plan.  Vehicle costs include an inventory of spare parts
needed for regular maintenance.  The costs are based on recent research with Euro-
pean manufacturers of HSR and Maglev equipment and previous HSR experience.
These costs will be updated as additional information becomes available from other
equipment manufacturers.  Based on the assumed conceptual operating plan and a
10% spare ratio, 38 trainsets and  36 trainsets were assumed for the cost estimates for
VHS and Maglev, respectively.

Support Facility Costs
Train Maintenance Facilities and Yards:  the building and equipment needed for mainte-
nance of the rolling stock.  In addition to the heavy repair facility and its equipment are
car washers, special cleaning platforms, other equipment that might normally be lo-
cated outside in the adjacent yard areas, and the tracks and other facilities for storing the
trains in preparation for revenue service.  Included also are allowances for the electrifica-
tion, signaling needed for operations, and such services as water, electricity, fire water,
communications, and sewers.

Maintenance-of-Way Facilities & Equipment:  the buildings and storage tracks needed
to house the equipment and materials to maintain all the non-rolling stock elements of
the system, including track/guideway, electrical, signaling and all civil facilities.  Also
included is all the mobile equipment needed to support the maintenance of way activi-
ties.  These costs will be included in the single allowance for Support Facilities.

Program Implementation Costs
Costs for these elements are computed as a percentage of the total of construction and
procurements costs.  The percentages are intended to represent the average overall
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cost of these implementation items, based on implementation of rail transit and other
related improvement projects throughout the state.   The percentages are predicated on
a Design-Build or Design Build Operate and Maintain procurement approach and would
be significantly higher using a traditional procurement approach.  These costs would be
divided between the owner and the contractor in this procurement approach and are
noted accordingly.

Preliminary Engineering and Environmental Review:  Preliminary engineering design to
approximately a 35% level.  This will include geotechnical investigations, land surveying
and mapping, engineering, architecture, landscape architecture, traffic engineering, right-
of-way engineering, utilities investigations, operational analysis, maintenace facility lay-
out, preparation of preliminary plans and profiles, and analyses in all necessary techni-
cal disciplines, and various other technical studies and support of the draft environmen-
tal document.  The environmental review would entail all studies and analyses neces-
sary to complete both federal and state required environmental documents. (Owner -
2.5%)

Program & Design Management:   for the overall management and administration of the
project.  Included were the program manager�s office,  contract management and ad-
ministration, project control including both cost and schedule, general administration,
computer support, quality assurance, configuration management, system safety, publi-
cations, public relations, support of the bidding process, agency liaison, community
information and involvement and legal support.  (Owner - 5.0%)

Final Design:  final design and preparation of construction and procurement documents
for all facilities and systems.  This will include geotechnical investigations, land survey-
ing and mapping, engineering, architecture, landscape architecture, traffic engineering,
right-of-way engineering, utilities engineering, operational plans, maintenance facilitiy
design preparation of plans and specifications in all necessary technical disciplines,
permit applications, and various other technical studies and support of the final design
process.  Design support during construction, including shop drawing review is also
included in this item.  (Contractor - 5.0%)

Construction & Procurement Management:  all management of construction and pro-
curement work after contracts are awarded to contractors or suppliers.  This will include
on-site inspection in both factory and field, quality control, mitigation monitoring, con-

tract administration and acceptance inspection.  (Owner �
1.0%; Contractor � 4.0%)

Agency Costs:  the costs of maintaining the owner�s organi-
zation during the entire program, whether that owner is a
franchisee or a government agency.  (Owner - 1.0%)

Force Account Costs:  the services of other organizations or
agencies of local, state or federal government that may be
required to support the project.  (Owner - 1.0%)

Risk Management:  owner supplied insurance or any other
allowances decided to be applied for the management of
risk to the owner.  (Owner - 6.0%)

Testing & Pre-Revenue Operations:  the costs of pre-rev-
enue testing, acceptance testing, safety certification and
training related to start-up of the system for revenue service.
These costs would be included in the DBOM contract.

Contingencies
A contingency is added as a percentage of overall project
costs � based on past experience for projects in early
stages of definition.  Contingencies should not be consid-
ered as potential savings.  They are an allowance added to
a basic estimate to account for items and conditions that
cannot be realistically anticipated at the time of the esti-
mate.  The contingency amount is expected to be needed
as the project matures.  The contingency is estimated at
25% of the total of construction costs.

Unit Costs
Unit costs were developed for each cost element described
above.  The unit costs are presented by cost element in
Appendix B.
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In the previous study performed for the High-Speed Rail
Commission, conceptual operating plans were devel-
oped in conjunction with high-speed rail ridership fore-
casts, reflecting service requirements in the San Diego,
Los Angeles, San Francisco Bay Area, and Sacramento
corridors.  This operating plan served as the starting
point or Baseline for the operating plan refinements car-
ried out in this study.  The operating plan assumes trains
with a capacity of 600 to 650 passengers operating with
at least a 65 percent occupancy rate.  The assumption
of transit capacity was based on an iterative process
comparing preliminary ridership forecasts with concep-
tual operating assumptions regarding frequency of daily
service throughout the proposed system.  The average
65% load factor represents a conservative yet reason-
able assumption allowing for growth and peaking of
demand throughout the service period.  No formal dis-
patch/operating models or simulations were applied to
develop this conceptual operating plan.

The basic service pattern would be between 6:00 a.m.
and 8:00 p.m. for most trains between Los Angeles to
San Francisco with some trains starting or finishing trips
beyond these hours.  To augment the basic service,
trains are added in the peak periods, and some trains in
the basic pattern make extra stops.  Extra express and

suburban-express trains are inserted into gaps in the basic schedule during the
peaks.  The extra suburban-express stops are made to serve residents of subur-
ban communities who have a destination at the far end of the route.  For example,
an early train from Los Angeles that stops in Burbank serves a rider who normally
works in Los Angeles, but has a business meeting in San Francisco that day.  In the
evening, some of the express trains destined for Los Angeles also stop in the sub-
urban Los Angeles area to deposit such a rider close to home.  A similar pattern of
extra stops occurs on the north end of the route around San Francisco.

For statewide intercity service, fifty-two weekday trains in each direction were
assumed in the Baseline conceptual operating scenario for Year 2015 service.
The intercity trains are comprised of four service categories:

¨ Express (20 trains/day) - Trains running from either Sacramento, San Jose or
San Francisco to Los Angeles and San Diego without intermediate stops.

¨ Semi-Express (12 trains/day) - Trains running between similar endpoints as
the express, with intermediate stops at major Central Valley cities such as
Modesto, Fresno and Bakersfield.

¨ Suburban-Express (8 trains/day) - Trains running �local � during either the
beginning or the end (LA or Bay Area) of the trip while running express
through the intermediate points.

¨ Local (12 trains/day) - Trains stopping at all intermediate stops with potential
for skipping stops to improve service depending on demand.

The Baseline conceptual service plan, which was developed by the Commis-
sion to account for a variety of routing combinations and technologies, is in-
cluded in Appendix C.

2.4 Baseline Conceptual
       Operating/Service Plan
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2.5 Operating and Maintenance
       (O&M) Cost Estimates
O&M totals are derived differently than capital costs.  Unlike the material take-
offs from preliminary plans and pricing of each element, O&M costs result from
the development of conceptual staffing plans designed to respond to operating
plan requirements.  The largest O&M cost component is labor, which is depen-
dent on train number and schedule, and other service-related factors typically
not fully defined at this preliminary stage.  For this reason, the O&M costs are
somewhat less predictable than capital costs.  The sum of all train operating and
maintenance costs is shown on a per-train-mile and per-train-kilometer basis in
Exhibit 2-11.

The O&M costs are on a seat-mile (-kilometer) basis to permit factoring over a
wide range of service plans.  The maintenance-of-way costs are based on track
type and length and facilities to be constructed.

Non-Power Unit Cost Components
The main quantity inputs to the cost model to develop
the train operating and maintenance (O&M) costs in-
clude:

¨ Number of weekday and weekend trains operat-
ing along a given corridor

¨ Type of service (express, local, etc.)
¨ Length of each route alternative

To obtain the annual train operations costs, unit rates
on a per train-mile (-kilometer) basis are estimated for
certain operating categories and applied to the quan-
tity estimates.  These unit rates utilize Amtrak North-
east Corridor Metroliner experience in order to reflect
United States labor rates, and include labor, supplies
and insurance related to train operations.

Certain other non-direct costs related to the provision
of service which tend not to vary strictly on the basis of
train-miles (-kilometers) are developed using experi-
ence from a variety of sources, including Amtrak, other
transportation companies, and previous studies, which
included detailed analysis of these costs.  Costs in
this category, generally considered �long-term avoid-
able costs� include marketing, reservations, station
services and general support.  These costs are part of
any commercial transportation activity, but do not fluc-
tuate on a short-term basis according to the number of
trains being operated as does, for instance, on-board
labor or energy costs.  They should be included, how-
ever, in order to form a complete analysis of the cost of
operation.  At this preliminary stage, unit rates on a
cost per train-mile basis were developed for these in-
direct costs and used for estimation.

Item

VHS Technology Maglev Technology

 $  6.08 
     7.13 

      0.50  
      1.28  
      1.22  
      0.88  
      2.61  

$19.70
    2.99
$22.69

  $  3.78  
      4.43  
      0.31  
      0.80  
      0.76  
      0.55  

    1.62
$12.25
    1.85
$14.10

 $  6.08 
      6.42  
      0.50  
      1.28  
      1.22  
     0.88 
    2.35
$18.73
    3.43
$22.16

$  3.78
    3.99
    0.31
    0.80
    0.76
    0.55
    1.46
$11.65
    2.13
$13.78

Train Operations 
Equipment Maintenance  
Station Services  
Marketing and Reservations  
Insurance  
General Support  
Maintenance of Way 
Subtotal - Non Power
Power
Total

$ per 
train-mile

$ per train-
kilometer

$ per 
train-mile

$ per train-
kilometer

Exhibit 2-11
Operations and Maintenance Unit Cost Components
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Costs for maintenance of way and structures (includ-
ing power systems and signaling) are based on a de-
tailed analysis performed in connection with the Texas
TGV project in the early 1990�s.  Maintenance of way
includes maintenance and progressive replacement
costs for track and all permanent structures, including
bridges, tunnels and power distribution systems.  Main-
tenance of equipment figures are based on Amtrak�s
experience with 125 mph (200 km/h) Metroliner op-
erations and will be assigned on the basis of train-
miles.  Maintenance of equipment includes all running
maintenance and progressive overhaul costs for roll-
ing stock (cars and locomotives).

Power
Power consumption varies according to technology, route, speed, number of
stops, and grades.  The performance model groups trains into the three service
categories:  local, semi-express, and express.  Average power consumption
rates were applied to each segment of the corridor according to technology
group and terrain (grades), based on operating simulations prepared by DE
Consult as part of the Los Angeles to Bakersfield Preliminary Engineering Feasi-
bility Study.  Unit energy costs, which also vary according to train-miles (-kilo-
meters), were derived by dividing the figures for energy consumption computed
for each train type by the length of the route, then multiplying by an assumed
electric power rate.

Power costs may include a connection charge and maximum demand charges,
which can be a significant part of the bill.  The rate per kilowatt-hours may be
applied in several steps with the rate decreasing with increased consumption of
kilowatt-hour.  To account for these factors the average unit cost rate for electri-
cal power used in this analysis is assumed to be  $0.11 per kilowatt-hour for both
technology groups.  This analysis provided power usage rates of $2.99 per train-
mile for VHS technology and $3.43 per train-mile for Maglev technology.
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2.6  Travel Time Estimates
Travel times were estimated for each of the alternative corridors based on align-
ment and train performance characteristics.  Specifically, the travel time esti-
mates account for acceleration and deceleration capabilities of each technol-
ogy and the ability of each technology to maintain passenger comfort criteria
through horizontal and vertical curves.  Travel times were calculated for each
segment based on the specific geometry and top speed assumptions.  Speed
degradation on sustained vertical grades was estimated based on simulations
to verify and validate the results of the travel time estimates.

The VHS travel time estimates were verified by GEC Alsthom (the firm manufac-
turing the French TGV trainsets) using a train performance model which ac-
counts for the train�s capabilities on sustained grades.  An example speed ver-
sus distance chart is shown in Exhibit 2-12.  Maglev travel times were devel-

0

200

350

200 250 300150 400 450 500350 600
Distance (km)

Source: GEC Alsthom Transport, 1995

Vitesse
(km/h

650550100500

LA
 -

 U
ni

on
 S

ta
tio

n

B
ur

ba
nk

B
ak

er
sf

ie
ld

Fr
es

no

Lo
s 

B
an

os

G
ilr

oy

S
an

 J
os

e

S
.F

. A
ir

po
rt

S
.F

. D
ow

nt
ow

n

S
an

ta
 C

la
rit

a/
Te

ha
ch

pi
 C

ro
ss

in
g

oped from simulations created by DE Consult (the en-
gineering support firm for Deutsche Bahn AG in Ger-
many) for the Los Angeles to Bakersfield Preliminary
Engineering Feasibility Study, 1994.

Travel times were estimated for both technologies for
both local and express service.  For dwell times at
intermediate stations, two minutes per station stop was
assumed.  All train running times include a six-per-
cent �schedule recovery time� based on European HSR
practice.

Exhibit 2-12
Example Travel Time Simulation - Speed Versus Distance Graph
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Exhibit 2-13
Average Speeds - Express VHS Technology

Speeds
Operating speeds were determined on a segment by
segment basis for each of the alternative corridors con-
sidered.  The operating speeds were based on the
design speeds and criteria presented earlier in this
chapter with consideration of the physical constraints
along each specific segment.  Because of the extent
of existing development and limited availability of right
of way, the HSR speeds through developed urban ar-
eas are constrained by the geometry (curve radii) of
the existing transportation corridor that the HSR align-
ment follows. Mountainous terrain also constrains the
operating speeds, due to the power loss on sustained
climbing grades.  In contrast, the flatter rural areas of
the Central Valley allow for the full speed capabilities
of the train technology considered.  Exhibit 2-13 illus-
trates the operating speed assumptions for express
(end-to-end) service on the Baseline corridor.
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2.7  Compatibility Issues
The technology choice will affect the type of service integration permitted by the new
network. The use of Maglev technology creates a unique system of infrastructure and
passenger carrying equipment.  Existing conventional railroad equipment cannot use
this infrastructure so efforts to develop seamless transportation opportunities would con-
centrate on convenient and easy transfer designs to effectuate a smooth transfer of
passengers from one mode to another.  A Maglev system can also provide different
types of services to meet a range of market needs along the route it traverses.

Using a steel-wheel, steel-rail technology (VHS) may seem to be more easily integrated
with conventional passenger and even freight railroad services, however, the wide differ-
ence of operating speeds, the lower dependability/reliability of freight traffic and the
design requirements for rolling stock used in mixed traffic preclude shared use of high-
speed trackage with incompatible services (see detailed discussion below).  Again, for
steel-wheel, steel rail (VHS) high-speed services, efforts to develop seamless transpor-
tation opportunities with incompatible services will concentrate on convenient and easy
transfer designs to effectuate a smooth transfer of passengers from one mode to an-
other.  A steel-wheel, steel-rail system can also provide for different types of services that
meet a range of market needs along its route.

FRA Safety Rules
Currently the Federal Railroad Administration is in the midst of a rule making that will
affect the design of passenger rail rolling stock in the United States.  This rule making will
also have an impact on the design of high-speed rail trainsets (passenger cars and
locomotives or power cars).  The key issue for design of an integrated passenger rail
system that includes high-speed segments is the impact these FRA requirements have
on the �mixing of traffic�.  In this case �mixed traffic� means that conventional passenger
equipment, high-speed equipment and freight railroad equipment would be operated
on the same set of railroad tracks.

Mixed Traffic
Mixed traffic is not a new concept if a steel-wheel, steel-rail technology is chosen.  Mixed
freight and conventional passenger trains are operating everyday throughout the United
States on the same railroad segments.  On the four-track Northeast Corridor main line for
instance, Amtrak Metroliners, slower Northeast Direct trains, local and regional com-
muter trains and freight trains are routinely operated on the same rail rights-of-way with
different track assignments.  On European and Asian railroads, conventional railroad

traffic in the congested areas near major cities also share
the right-of-way with high-speed trains.

In the United States, the issue becomes complicated, how-
ever, when the equipment to be operated on the same seg-
ments is constructed to different structural design standards.
One key FRA requirement is the actual �buff strength� of
railroad rolling stock.  This is the amount of force that can be
applied to the end of a trainset (passenger cars and loco-
motives or power units) without causing the cars or locomo-
tives to crumple.  A high buff strength requirement (a �crash-
worthiness� standard focused on accident surninal) pro-
tects the passengers and railroad employees inside the train
in the event of a collision.

In Europe and Asia where high-speed rail operates with an
excellent safety record, rolling stock is manufactured to dif-
ferent tolerances than required for rolling stock operated on
United States railroads regulated by the Federal Railroad
Administration (FRA).  These European and Asian passen-
ger and freight trains have been designed for power, speed
and safety, but their safety standards focus on accident
avoidance rather than accident survival.  These lighter trains
do not meet current FRA buff strength requirements.

All American railroad equipment designed to operate with
heavy freight equipment in mixed traffic has been designed
to the same buff strength tolerances.  Asian and European
high-speed equipment is lighter and falls far short of these
�buff strength� requirements.

It is in this area of very different design specifications that
the potential problem with mixed traffic arises.  American
railroad rolling stock adheres to the high strength require-
ments of the FRA, because of this common design require-
ment freight and passenger rolling stock can be operated
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on the same railroad.  The FRA, however, has serious con-
cerns about permitting rolling stock with lower strength and
different design criteria from operating in mixed traffic way.
The key issue is simply that, in a collision between the higher
strength rolling stock and the lower strength rolling stock, a
serious safety hazard may result.

In the US, rolling stock being manufactured for the new
Northeast Corridor high-speed service between Washing-
ton and Boston will meet these �buff strength� standards
but will have maximum speeds of just 150 miles per hour.
Mixed traffic was deemed non-negotiable on the Northeast
Corridor so the rolling stock acquired by Amtrak meets
American standards by adopting the interior design and
comfort standards of European high-speed trains but plac-
ing them on the heavier and stronger American type pas-
senger car designs.  These trains will meet the speed de-
sign requirements sought by Amtrak for 150 mile per hour
running, but will not be able to operate efficiently at higher
speeds.

On the proposed Florida Overland Express (FOX) high-
speed rail project in Florida, a different approach was taken.
In that case, 200mph high-speed service was desired and
European rolling stock was specified.  The proposed FOX
rolling stock was to be based on European designs and on
an operating plan that eliminated any mixed traffic opera-
tion.  The FOX project would have been totally separated
from any other railroad operation and would not permit any
American style rolling stock to share any track of the new
high-speed network.  The FRA was asked to make a �rule
of particular applicability�  to permit non-compliant rolling
stock to be used.  The FRA has never made the requested
ruling, and, since the project has been cancelled, the issue
has been set aside.

This issue is important.  The separation of the high-speed rail lines and elimination of the
possibility of mixed traffic imposes significant right-of-way costs on the California high-
speed rail project, particularly as the line penetrates dense urban areas such as the Bay
Area in Northern California and the Los Angeles basin in Southern California.  If mixed
traffic options could be considered, it would permit alignment and design options that
would be less costly than the construction of new separated rights-of-way to enter down-
town Los Angeles and San Francisco.  If mixed traffic options are not permitted, new
separate high-speed infrastructure must be constructed to reach the proposed terminal
sites.

Other Considerations
These rolling stock design constraints require consideration of other solutions to the
dilemma presented by the inability to mix traffic.

Remote Terminals
This service design option would keep the high-speed line outside of the dense urban
areas.  Improved conventional passenger train operations would allow passengers to
transfer from high-speed trains to conventional trains for the last portions of their trips into
terminals in major urban centers.  All passengers would need to transfer to use the high-
speed segments.  This service design compromise has been considered in the corridor
evaluation studies and it would cause a degradation of passenger convenience and
reduce the attractiveness (and economic results) of the service.

Compliant High-Speed Trainsets
This rolling stock design option would require an equipment structural design that meets
current FRA requirements and also provides for the desired �high-speed� operation.
This would challenge the passenger railroad manufacturing industry to apply new mate-
rials and technology applications to achieve the speeds necessary for high-speed run-
ning while meeting American strength requirements.  An alternative would be the cre-
ation of a high-speed trainset capable of high-speed running with �crash-worthiness�
established by a combination of actual buff-strength and the protection of passenger
equipment by motive power units at either end of the trainset that are designed to absorb
the forces of an accident without transmitting those forces to the passenger equipment.

The rolling stock manufacturing industry has not moved significantly in this direction.
However, the new rolling stock for the Acela service on the Northeast Corridor does
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show some evidence of their willingness to attempt to meet this design goal and these
rolling stock design options may be possible to accomplish in the timeframe of the
California High Speed Project.

Permitting Non-Compliant Trains in Mixed Traffic
Lastly, there could be a proposal to change American requirements to permit
mixed traffic at reduced speeds and relying on crash avoidance and train con-
trol technologies to assure fail-safe operations.  This would require that the FRA
adopt a different approach on these matters.  Considering the history of federal
concerns and actions, this option may take years to enact and would require a
focused effort to be initiated soon to achieve the desired changes.

HSR Compatibility Assumption
Practically, it is appropriate to assume that California�s high-speed network would
penetrate urban areas and provide direct service to major destinations.  Until
manufacturers step forward with proposals to manufacture trains that both meet
FRA design standards and achieve true high-speed running, it is also appropri-
ate to assume that high-speed services will need to be separated without any
mixed traffic with conventional passenger or freight railroad rolling stock.  This
does not, of course, preclude the use of the high-speed infrastructure to provide
a �family� of passenger and freight services as long as the rolling stock used is
totally compatible and does not create any special safety problems.  This as-
sumption was applied to all of the corridors evaluated, except LOSSAN where a
different approach was taken as described in Chapter 3.

Due to the proposed speeds, in excess of 150mph, and the buff strength of the
rolling stock proposed, a �rule of particular applicability� will still be required for
the California HSR system.  This rule will address operation and safety issues
including speed, control and separation as outlined below.

Separation
The assumption of an isolated infrastructure requires that the new high-speed
trackways be built separated from the current railroad tracks either by being on
completely new alignments or within existing rail corridors separated vertically
or horizontally by distance or by barriers of some kind.

The alignments under study in the Central Valley would
separate the new infrastructure on new alignments or
adjacent to existing rail facilities.  As the proposed
alignments, however, enter into major urban areas in
Northern and Southern California, alignments will be
shared and other solutions are required.  The practical
assumption, above, requires alignment separation so-
lutions and station arrangements that permit transfers.

Horizontal Separation
Where sufficient right-of-way width is available, the con-
struction of a two-track VHS or Maglev guideway can
be designed to be adjacent to an existing conventional
railroad alignment.  Where a horizontal separation is
needed, protection of the trackway will be required.
Using barriers and electronic intrusion alarms will pro-
vide a level of protection to give effect for the require-
ment for full access control to protect the high-speed
guideway from pedestrians, wildlife, livestock, and
vehicles of any type.  If the alignments are close, a
crash-wall capable of withstanding a derailed train and
creating an unbreachable barrier between the trains
may be required.

Vertical Separation
Where sufficient right-of-way width is not available for
the construction of a two-track guideway, aerial struc-
tures will be required.  Aerial structures carrying two
tracks will simplify the protection of the trackway, how-
ever, design and cost issues will be complex.  Where
aerial construction is required, the design of stations
and transfer paths will be extremely important so that
passengers can conveniently access the system and
move between it and other modes.
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2.8  Potential Freight Service
In addition to the mixed traffic based compatibility issues
address above, there are other issues associated with the
potential operation of freight services with HSR passenger
services.  Operating freight trains at axle loads approach-
ing conventional U.S. axle loads would compromise HSR
operating efficiency, maintenance standards/tolerances and
strict safety requirements.  Conventional U.S. freight trains
also require different track geometry in terms of
superelevation.  In addition to the substantially higher axle
loads required by the conventional railroad freight services
(e.g., coal trains), they also require larger clearances due to
the size of the cargo (double or piggyback containers).
These larger clearances would impact the design of the
electrification distribution system, undercrossings and tun-
nels. For these reasons operation of conventional full-ton-
nage freight trains is incompatible with HSR in California.

Two other types of freight movement are compatible with
California HSR and provide significant growing markets.

Small Package/Light Container
Package/container versions of the high speed passenger
vehicles (both VHS and Maglev) can be adapted, without
compromising operating capabilities, to handle mail, ex-
press parcel, package freight, and other container freight
that does not exceed the weight of typical passenger load-
ings.  Examples of this type of freight include overnight small
packages and mail, distributed by such entities as Federal
Express, United Parcel Service, and the U.S. Postal Ser-
vice.  The equipment used for these services must be com-
pletely compatible with the passenger equipment and be
capable of safely traveling at the top design speeds of the
entire high-speed system.

Special Medium-Weight Freight
High speed (VHS technology) medium weight freight trains with limited axle loads of 19
metric tons(1) or less, as opposed to conventional full-tonnage U.S. freight at about 27
metric tons per axle.  These freight-only trains would be designed to meet high-speed
system safety and design standards but would only operate during nighttime hours at
no more than 125 miles per hour.  The freight only periods would be scheduled after
passenger trains were beyond the area of freight operations and would be coordinated
so that they did not interfere with required nighttime maintenance activities.  These ser-
vices can be provided on the system currently being proposed within current param-
eters of cost and design.  Maglev freight trains could carry up to 18 metric tons(2) per car
on the guideway as planned.  The Maglev freight trains with up to 20 cars could be
operated at speeds up to 125 mph (200 km/h).  By restricting these high speed freight
operations to the non-passenger service hours (night time) conflicts with the faster HSR
passenger trains can be avoided.

Such trains would be required to operate without having a negative impact on the
infrastructure�s precise vehicle/guideway/traction power interfaces and design tolerances
along the right-of-way or requiring significant additional maintenance.  These high-speed
medium-weight freight trains could be capable of moving time-sensitive freight, which
would be defined by the load-bearing capabilities of the equipment.  Examples of this
type of freight include time-sensitive containers of electronic equipment and perishable
items.  In addition, such equipment would have to be designed with very high safety
standards and be subject to high level of safety inspection to achieve the same level of
safe performance as the passenger equipment.

These medium-weight freight trains could be dispatched after the last passenger train
and would need additional separation to assure safe operations.  Freight train separa-
tion would be consistent with slower speed and heavier operations.  Conceptually from
four (4) to six (6) freight trains could be operated in each direction nightly (at the top
maximum speed of 125 miles per hour), if the trains are fleeted from each end of the
corridor and separated safely.  Trains would be set up so that their pick-up and drop off
work would be staged along the corridor with the first train doing the work at the furthest
point with an additional hour of travel time being added for this purpose.  The window for
freight operations would be limited by the initiation of passenger services in the morning
1 One metric ton equals 1.102 English tons.
2 According to Transrapid International, maglev freight trains  could carry up to

30 metric tons per car if a special  guideway section is used.
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Exhibit 2-14
Tehachapi Crossing Profiles

and all arrangements necessary for access to the right-of-way by maintenance forces.

Maintenance force access, however, would not preclude freight train operations since
maintenance would not take place over the entire corridor but would be confined each
night to specific segments.  Freight operations could be routed to provide for single track
running and reduced speed in work areas to maintain corridor wide nightly operations
and provide for high levels of safety.

Profile Grades
Freight operations could be affected by the alignment chosen for the corridor.  If grades
are severe, more than three and one half percent (3½%), freight operations by even
these special medium weight trains may not be economically feasible due to the re-
quired levels of power and the length of the grades.  However, both of the compatible
HSR freight services outlined above are capable of operating on sustained 3.5% grades.
While some speed loss is expected with the freight-only trains, they will be capable of
operating efficiently during the nighttime hours.  The increased amount of tunneling and
associated costs required to provide conventional railroad grades (2% maximum) through
the Tehachapi Mountain crossing are significant as shown in Exhibit 2-14.  At 2% maxi-
mum grades the HSR profile is not able to rise above the terrain through many segments
requiring lengthy tunnel segments.  The significant increase in infrastructure costs due to

lower grades are not offset by the relatively minor power
cost savings.

Freight Infrastructure
Freight services on the high-speed network will require op-
erating arrangements and physical facilities to handle freight
at origin and destination points.

For small package and light container services, loading and
unloading can be accomplished quickly at passenger sta-
tions.  Employees would unload and load any material des-
tined for the each station quickly within the dwell times es-
tablished for passenger trains.  This will require interior de-
signs that permit sorting �on the go� and fast means of ac-
cepting new packages and releasing packages from the
car to the platform.  Special destination specific containers
may be part of the overall design for this type of service.  For
these types of freight accommodations will be required at
stations for package deliveries and assembly into destina-
tion specific containers and disassembly for final delivery.

For heavier freight services, which will be handled by spe-
cial freight only trains, infrastructure requirements may be
more elaborate.  If these trains are handled during �freight
only� operating windows when no passenger trains are on
the network, passenger stations could be used to handle
goods.  It may be necessary to build special loading and
unloading facilities either adjacent to the passenger plat-
forms or at remote sites.  These issues are freight service
design issues, which need to be incorporated into what-
ever processes the Authority chooses to advance the freight
concepts toward business planning.  The Authority has
adopted the policy of not budgeting for special freight equip-
ment or infrastructure as part of the initial financial and oper-
ating plans.
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III - Regional Corridor Evaluation

This chapter defines the corridors that were considered for high-speed rail ser-
vice as part of this corridor evaluation study.  In some cases, these corridors
were considered in previous studies.  Many of the alternatives have grown out of
regional and local agency input and further consideration by the project team
and Authority members and staff.  While input was solicited from regional and
local agencies during the development and study of these alternatives, further
review and input will be necessary as these alternatives are further defined and
studied to confirm their acceptability and viability in terms of cost, engineering
feasibility and potential impact.

3.1  Methodology
The purpose of this Corridor Evaluation Study is to provide the Authority with a
technical basis for recommending an overall HSR network of corridors.  Previ-
ous studies were limited in the number of alternatives that could be analyzed in
certain areas of the State.  In addition, other potential corridors and new issues
have been identified as regional and local agencies have had more time to con-
sider the recommendations of the previous Commission.  To address these is-
sues, further corridor investigations and evaluations were conducted in several
areas of the State and compared in the context of updated information on previ-
ously studied routes.

These corridor investigations and evaluations required the preparation of align-
ments, conceptual engineering, capital and operating costs, travel times and
environmental analysis.  The current analysis used methods consistent with those
applied in the previous corridor evaluation studies in order to maximize the utility
of the past work.  Corridor Evaluation findings have been verified and provided
to Authority staff for use in other efforts such as development of the financial
plan, ridership and revenue estimates and public outreach.

A comprehensive, yet efficient approach to develop and assess HSR alignments
was developed and applied in the previous corridor evaluation studies conducted
for the Commission.  This approach, which blended Geographic Information
System (GIS) and Computer Aided Design and Drafting (CADD) capabilities,
was updated in terms of the most recent data sets and applied in this study.
Following this approach, HSR alignments are developed in an interactive com-
puter environment using a variety of reference sources including USGS map-

ping, satellite imagery, aerial photography (where avail-
able), digital terrain models and constraints mapping
(sensitive land uses and habitat, geologic hazards,
wetlands, utilities, etc.).

The alignment development process is based on the
application of the assumptions and parameters set forth
in Chapter 2 combined with the visual depiction of
constraints and the quantification of impacts and cost
items.  Items such as roadway crossings, rivers, envi-
ronmentally sensitive areas (parklands, wetlands, flood-
plains, etc.), terrain and earthwork are all identified and
tabulated.  A detailed list of data sources used in this
study is included in Appendix D.

Conceptual plans and profiles were developed for each
HSR corridor alternative studied.  These plans were
used as the basis for preparing construction cost esti-
mates, travel times and the potential environmental
constraints/issues for each alternative segment and
both VHS for Maglev technologies.

Within each region, the alternative corridors were evalu-
ated on several key criteria: capital cost; travel time;
operating cost; constraints/issues; ridership; and rev-
enue.  The capital costs, travel times, and operating
costs for each alternative were developed according
to the assumptions and parameters defined in Chap-
ter 2.  Potential constraints (environmental, engineer-
ing, operational, right of way, and institutional) were
assessed for each alternative.  Ridership and revenue
data was provided by Charles River Associates.
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Exhibit 3-1
California Corridor Alternative -

Baseline with Alternatives

3.2  Regional Corridors Studied
A variety of corridor alternatives were studied in each
region throughout the state as shown in Exhibit 3-1.
The corridor alternatives were studied as discrete seg-
ments within the context of a statewide system.  Upon
completion of the region by region analysis, segments
were combined to create several overall statewide HSR
system alternatives.  All of the regional corridor seg-
ment alternatives are defined below and shown on the
attached series of graphics along with the
Commission�s proposed corridor (Baseline Corridor),
which will serve as the point of comparison for the
corridor evaluation studies. The overall statewide HSR
system alternatives will be defined in a subsequent
section.

For the purposes of comparison, the regional corridor
alternative segments were organized into regions as
follows: San Diego, Los Angeles, Tehachapi Crossing
(Southern Mountain Pass), Central Valley, Sacramento,
Bay Area Access (Northern Mountain Pass), and Bay
Area.

San Diego Area Alternatives
The San Diego Area can be served via two main corridors:
the coastal corridor (existing LOSSAN rail corridor) or the
inland corridor (I-215 and I-15 highway corridors) from Riv-
erside as shown in Exhibit 3-2.   These corridors provide
three options (downtown, airport and Qualcomm stadium)
for the location of the San Diego terminal station.  Options
for traversing east to west to enter downtown San Diego
from Inland corridor are limited.  In the previous corridor
evaluation work performed for the Commission, both Mis-
sion Valley and Penasquitos Canyon were studied as op-
tional routes for approaching downtown San Diego.  Both
of these routes are currently considered infeasible due to
the extent of environmental issues.
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Inland Corridor
For the inland corridor, the options studied for the Authority include crossing over to the
coastal corridor either north or south of Miramar Naval Air Station or terminating service
in East Mission Valley at Qualcomm Stadium, thus stopping short of the downtown San
Diego area.  The alternatives are described below and illustrated in Exhibit 3-3.

Terminus at QUALCOMM Stadium - From the Temecula area in Riverside County, the
HSR alignment would generally follow the I-15 corridor south to Escondido as previously
studied by the Commission.  South of the Escondido area the alignment would be placed
within the I-15 right of way corridor to the maximum extent possible.  The alignment
would remain in the I-15 corridor to a terminal station in the area of QUALCOMM Sta-
dium integrated, in terms of passenger transfer, with the existing San Diego Trolley sta-
tion.  This alignment would potentially include stations at Escondido, Mira Mesa and
QUALCOMM Stadium.

Downtown San Diego - The HSR alignment will follow the same routing as Alternative 1
in the I-15 corridor to the Miramar Naval Air Station.  At this point there are two alignment
options to the west to reach the existing LOSSAN rail corridor as shown in Exhibit 3-3.  (1)
The alignment would turn west following along the south side of Miramar Road and join
the LOSSAN corridor in Rose Canyon.  (2) The alignment would proceed south along I-
15 to SR-52 and turn west in or along the SR-52 corridor.  East of I-805 the alignment
would be placed within the right of way SR-52 to the maximum extent possible prior to
turning south along the LOSSAN corridor.  Both options would follow the LOSSAN corri-
dor south to a terminal in downtown San Diego.  This alignment would potentially include
stations at Escondido, Mira Mesa and downtown San Diego and/or San Diego Interna-
tional Airport.

LOSSAN Corridor
Incorporating the LOSSAN corridor within the HSR system is a unique case and re-
quired approaching it as a separate study.  This study is presented in Section 3.4.

Exhibit 3-2
San Diego Alternatives

Exhibit 3-3
San Diego Area
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Inland Empire Alternatives
A variety of alternatives were considered for serving the Inland Empire, but only
two alternatives were considered physically and politically viable and were evalu-
ated. Both of the Inland Empire alternatives could serve as either a branch line
terminating in Riverside or as part of the through route (inland corridor) to San
Diego.

UP/Metrolink Ontario-Riverside (Baseline)- This alignment follows the Baseline
Corridor from Los Angeles along the UP/Metrolink corridor to Ontario Airport.
From Ontario Airport the alignment continues along the UP line to just east of I-

Los Angeles Area Alternatives
The greater Los Angeles area can be served by a va-
riety of alternative alignments.  While these alterna-
tives serve the Los Angeles area, several of them also
serve as part of the connection to the San Diego area.
These alternatives are presented individually, however,
a statewide corridor alignment may utilize more than
one of these alternatives to provide service to South-
ern California. The alternatives are described below
and illustrated in Exhibit 3-4.

Exhibit 3-4
Los Angeles Alternatives
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215 where it turns south through Riverside around the eastern edge of the Uni-
versity of California Riverside campus and joins the existing rail corridor (owned
by Riverside County Transportation Commission).  The alignment proceeds south
generally along the I-215 corridor to Temecula.  This alternative is consistent
with the findings of the Inland Empire�s High Speed Rail Task Force. Potential
stations include East San Gabriel Valley, Ontario Airport, Riverside (Highgrove),
March Air Force Base, and Temecula.

SR-91/Metrolink Corridor from Orange County - This alignment follows the exist-
ing Metrolink corridor from Los Angeles to the Fullerton Transportation Center in
Orange County.  The alignment then proceeds east from Fullerton into Riverside
County along the SR-91/BNSF/Metrolink Corridor.  In Riverside, the alignment
turns south to join the Baseline Corridor and proceeds along the existing rail
corridor and I-215 southward as described in the baseline alternative. Potential
stations include Fullerton, Riverside (Downtown), March Air Force Base, and
Temecula.

Orange County Alternatives
All of the corridor alternatives serving Orange County follow the existing BNSF/
Metrolink corridor between Los Angeles and Fullerton.  At Fullerton three options
were studied.  First, extend service east to the Inland Empire as defined in the
Inland Empire Alternatives above.  Second Extend service south to Anaheim
along the existing LOSSAN corridor as a branch line.  Third, extend service
south to San Diego as a through mainline route along the existing LOSSAN rail
corridor (coastal corridor).

SR-91/Metrolink Corridor - This alignment follows the existing BNSF/Metrolink
corridor from Los Angeles to the Fullerton Transportation Center.  Potential sta-
tions include Norwalk and Fullerton Transportation Center.

Orange County Branch Terminus - This alignment would follow existing Metrolink
corridor south from Los Angeles to the Fullerton Transportation Center and then
continue proceeding south through Anaheim to the Irvine Transportation Center.
This branch line could terminate in Fullerton, Anaheim or even as far south as
Irvine.  Potential Stations include Norwalk, Fullerton Transportation Center, Ana-

heim and Irvine Transportation Center.

LOSSAN Corridor � This alignment would serve Or-
ange County as part of through service to San Diego
via the LOSSAN corridor, as defined in Section 3.4

Los Angeles to Los Angeles International Airport
Alternatives
This alternative would connect the HSR system with
the Los Angeles International Airport (LAX) via a branch
line.  It is not possible to proceed south from this seg-
ment as part of through service to San Diego.  Only
one option was studied.

Existing MTA/BNSF Rail Corridor - This branch align-
ment would follow an existing Metropolitan Transpor-
tation Authority (MTA)/Burlington Northern Santa Fe
(BNSF) rail corridor south from Union Station through
Los Angeles and then west towards LAX.  The align-
ment passes through the communities of Los Ange-
les, Vernon and Inglewood.  The HSR alignment would
serve the airport terminal via a terminal station in Park-
ing Lot C, where passengers would transfer to local
airport circulation facilities to reach the airport termi-
nal.
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Tehachapi Crossing Alternatives
Several routes were considered to cross the Tehachapi Mountains north of Los
Angeles and join with potential HSR corridors in the Central Valley.  These alter-
natives vary alignments in and around the Bakersfield area to join with each of
the Central Valley options.  From LA Union Station to the I-5/SR-14 junction, all of
the alternatives follow the existing UP/Metrolink corridor and include a potential
station at Burbank Airport.  The alternatives are described below and illustrated
in Exhibit 3-5.

Antelope Valley/Mojave Pass (Baseline Corridor) � This alignment follows SR-14
through the Southeast edge of Santa Clarita turning to the east in Soledad Can-
yon and then generally following the UP/Metrolink corridor into Palmdale.  The
alignment follows the UP rail line and Sierra Highway northward through the
Antelope Valley to Mojave.  The alignment proceeds to the northwest generally
in the SR-58 and BNSF rail corridor through the Tehachapi Mountains into the
Central Valley and Bakersfield.  In approaching Bakersfield, there are two alter-
natives to this alignment, either through downtown or along a southern bypass
that then serves the suburban area.  Potential stations include Santa Clarita,
Palmdale, and Bakersfield (Downtown or Suburban).

Aqueduct Pass - This alignment proceeds to Palmdale in the same manner as
the Antelope Valley/Mojave Pass alignment, however, it turns to the west after
the Palmdale station and across the valley to the California aqueduct corridor.
This alignment follows the aqueduct corridor through the Antelope Valley, across
the Tehachapi Mountains and then up the Central Valley, following the SR-99
north to Bakersfield.  Potential stations include Santa Clarita, Palmdale, and
Bakersfield (Suburban or Downtown).

I-5/Grapevine � This alignment follows the I-5 corridor north through Santa Clarita
and the Tehachapi Mountains crossing to the Central Valley.  The alignment heads
north in the Central Valley generally following the SR-99 corridor into Bakers-
field.  Potential stations include Santa Clarita and Bakersfield (Suburban or Down-
town).

Exhibit 3-5
Tehachapi Crossing Alternatives
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Central Valley Alternatives
Four alternatives were studied through the Central Valley, each starting in the vicin-
ity of Bakersfield and ending in the vicinity of suburban Stockton.  Three of the
corridors were studied previously.  A new corridor was considered to the east of
SR-99.  The alternatives are described below and illustrated in Exhibit 3-6.

East of SR-99 � This alignment lies east of and generally parallels the SR-99 from
Bakersfield until north of Modesto.  Just north of Bakersfield, this alternative briefly
follows the UP corridor before turning to the northeast.  The corridor resumes north-
ward before the Kern/Tulare County line.  After passing to the east of Visalia, the
alignment takes a more westerly direction, heading towards the eastern edge of
Fresno.  This alternative follows Clovis Avenue through the eastern edge of Fresno
connecting with Fresno-Yosemite International Airport.  After passing Fresno, the
corridor runs northwest until joining the BNSF corridor south of Merced.  The corri-
dor remains with the BNSF through the remainder of the valley, with the exception of
an eastern bypass around the town of Merced.

The alignment grew out of local agency and public comment to minimize farmland
disruption and better serve the growing areas of the Central Valley Cities as com-
pared to the Baseline Corridor west of SR-99.  This corridor was designed to skirt
the eastern edge of the major Central Valley cities.  Potential stations include Tulare
County, Fresno Airport, Suburban Merced, and Suburban Modesto.

West of SR-99 (Baseline Corridor) � From Bakersfield to the Fresno/Tulare County
line, this corridor follows a new alignment parallel to the SR-99 and at a distance of
approximately 1.5 miles to the west.  From this point northward the corridor still
roughly parallels that of the SR-99 but at a greater distance (4-6 miles).  This corri-
dor was designed to skirt just to the west of the major Central Valley cities.  Potential
stations include Tulare County, Suburban Fresno, Suburban Merced, and Subur-
ban Modesto.

BNSF Rail Corridor - This alignment follows the existing Burlington Northern Santa
Fe (BNSF) rail corridor through the Central Valley from Bakersfield to suburban
Stockton.  This corridor lies to the west of SR-99 until reaching Fresno.  The corridor
passes through Fresno and then remains to the east of SR-99 for the remainder of
the valley.  There are a number of tight curves along the existing BNSF alignment,
many of which occur in congested urban areas.  Potential stations include Hanford,

Downtown Fresno, Downtown Merced, and Suburban
Modesto.

UP Rail Corridor - This alignment follows the existing
Union Pacific (UP) rail corridor through the Central Val-
ley from Bakersfield to suburban Stockton.  This corridor
parallels the SR-99, which passes directly through each
of the major cities in the valley.  Unlike the BNSF corri-
dor, the UP corridor has fewer speed constraining curves.
Potential stations include Tulare County, Downtown
Fresno, Downtown Merced, and Downtown Modesto.

Exhibit 3-6
Central Valley

Alternatives
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Bay Area Access Alternatives
Two main options were considered for joining the Cen-
tral Valley alignments with the Bay Area. They are de-
scribed below and illustrated in Exhibit 3-7.

Altamont Pass (Baseline Corridor)  � This alignment
heads west from the SR-99 corridors just south of
Stockton and proceeds over the coastal mountains via
the Altamont Pass.  The corridor follows the I-580, ap-
proaching the bay area from the east.  At Newark the
alignment branches, with one branch turning south
following the existing Mulford Line to a terminus in San

Exhibit 3-7
Bay Area Access Alternatives

Jose while the other branch could serve either the peninsula and San Francisco
or the east bay and Oakland.  Potential stations include Tracy, Pleasanton, New-
ark/Fremont, and San Jose (Diridon Station).

Pacheco Pass - This alignment turns to the west from the SR-99 corridors ap-
proximately 25 miles north of Fresno.  The corridor crosses the coastal moun-
tains via the Pacheco Pass in the vicinity of SR-152 and the San Luis Reservoir.
Near Gilroy the alignment turns north to join the existing Caltrain rail corridor and
proceeds to San Jose, approaching the bay area from the south.  Potential sta-
tions include Los Banos, Gilroy, and San Jose (Diridon Station).
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Bay Area Alternatives
Several corridor and termini options were consid-
ered in the Bay Area.  The area could be served by
one or more (in combination) of these alternatives.
The alignments are described below and illustrated
in Exhibit 3-8.

East Bay - This alignment follows the existing rail corri-
dor (Mulford Line) north from San Jose towards Oak-
land.  It is compared to the Baseline Corridor on the
Peninsula for both of the Bay Area entrances: Pacheco
Pass and the Baseline Altamont Pass.  The terminal
station could be located at either West Oakland along
the existing line or at Lake Merritt, which would require
a new alignment joining the Mulford Line with the ex-
isting Lake Merritt BART station.  Potential stations in-
clude Newark, Oakland Airport, West Oakland and/or
Lake Merritt.

Peninsula Corridor (Baseline Corridor) - This alignment
follows the existing Caltrain rail corridor northward from
San Jose (Pacheco Pass) or Redwood City (Altamont
Pass) towards San Francisco.  The downtown termi-
nus could be located at the existing Caltrain terminus
at 4th and Townsend or at the Transbay Terminal, which
would require a new alignment from the existing termi-
nus.  Potential stations include Redwood City/Palo Alto,
San Francisco Airport, and Downtown San Francisco
(4th and Townsend or the Transbay Terminal).

Terminus at Interface with Regional Transportation Sys-
tem � Several options were considered to terminate
either alternative at a point prior to the downtown ter-
minus with passengers connecting into regional trans-
portation systems. Other potential termini included
SFO, Oakland Airport, San Jose, and Pleasanton de-
pending on the alignment option.

Exhibit 3-8
Bay Area Alternatives
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Stockton - Sacramento Corridor
Alternative corridors between Stockton and Sacra-
mento were not considered in this study.  A single al-
ternative for this region was developed in previous
corridor evaluation studies.  From the Central Valley
alignments, the corridor passes east of Stockton along
a new alignment.  North of Stockton, the corridor fol-
lows the existing UP corridor north into Sacramento.
This corridor is shown in Exhibit 3-9 and was assumed
in of all the statewide systems.  Potential stations in-
clude Suburban Stockton and Sacramento.

Exhibit 3-9
Stockton - Sacramento Corridor
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3.3  Regional Segment Evaluation
The key evaluation factors are presented and discussed
for each region below.  It is important to note that the cost,
travel time and ridership information is presented as it was
presented originally to the Authority.  A few changes have
occurred in the numbers presented since that time (e.g.,
revised project implementation factors).  However, these
revisions did not change the relative comparison of the al-
ternatives and are reflected in the overall system evaluation
in the next section.

The ridership and revenue estimates were prepared by
Charles River Associates and are provided here for refer-
ence.  For a thorough discussion of the ridership and rev-
enue analysis, refer to the Ridership and Revenue Final
Report, December 1999 by Charles River Associates.

Exhibit 3-10
San Diego Area
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Exhibit 3-11
San Diego Evaluation
VHS/Maglev

Exhibit 3-12
San Diego Evaluation

Key Constraints/Issues

San Diego Region
As previously defined, the San Diego region alternatives
include the coastal LOSSAN corridor as well as the three
alternatives associated with the inland I-15 corridor.  This
region is heavily constrained in terms of implementing a
new HSR corridor.  The previous corridor evaluation study
performed for the Commission considered both Mission
Valley and Penasquitos Canyon as alternatives for crossing
from the I-15 corridor to access Downtown San Diego.  Since
then, these two alternatives have been determined infea-
sible due to known environmental and physical constraints.

Exhibit 3-11 presents the key evaluation factors, capital cost,
travel time, length, ridership and revenue and operations
and maintenance costs for both technologies for the I-15
corridor alternatives.  The LOSSAN corridor is presented
separately in Section 3.4.  The key constraints and issues
for each of the alternatives are summarized in Exhibit 3-12.
Table H-1 through H-6 in Appendix J  lists the key environ-
mental issues associated with each of the alternatives.
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Qualcomm Stadium
Utilizing the I-15 corridor would require construction of the
dual track HSR line within the existing and planned freeway
corridor to the maximum extent possible in order to mini-
mize impacts on adjacent communities.  For the 7 mile
stretch from the SR-52 south to the terminus at Qualcomm
Stadium, this would require the use of an elevated guide-
way (Exhibit 3-13) due to the limited available right of way.
However, based on the existing infrastructure and planned
improvements to I-15, available right of way for column
placement is very limited and additional right of way will be
necessary in some areas.  The need to maintain traffic flow
on the freeway during HSR construction is another con-
straint.

While this corridor does not provide direct service to San
Diego, it is forecasted to have slightly higher ridership and
revenue than either the Miramar Road or SR-52 corridors.
The location does have good freeway access and also pro-
vides for transfers to the San Diego Trolley system, which
then serves the downtown area.  In addition, it is approxi-
mately 12 to 14 miles shorter and costs 40%-50% less than
the alternatives serving downtown San Diego.

This corridor would have the least potential for environmen-
tal impacts compared to the alternatives serving either the
airport or downtown.  It would, however, have the potential
to affect threatened and endangered species and result in
visual quality impacts caused by the elevated guideway.

Miramar Road
The Miramar Road corridor is a highly constrained major
arterial corridor.  The north side of the street is a heavily
developed commercial area, which would require elevat-
ing the HSR guideway in order to maintain access to the
adjacent development. An elevated guideway would have
land use and visual impacts in this corridor.  In comparison,

Exhibit 3-13
San Diego Area Profile Characteristics
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the south side of the street belongs to the Miramar Naval (Marine Corps) Air Station
(MCAS) and is developed with base housing and other facilities immediately adjacent to
the roadway (Exhibit 3-14).  These facilities would be directly affected.  Furthermore,
MCAS has indicated that the majority of development and sensitive uses are located
along the northern end of the base and would not favor any HSR alignment in this area.

SR-52
The SR-52 between I-15 and I-805 also passes
through MCAS Miramar.  Along this portion, the
freeway has relatively small radius horizontal
curves and steep grades, necessitating additional
right of way acquisition for an HSR alignment and
thereby impacting some undeveloped MCAS
property and some adjacent developed proper-
ties.  While the MCAS has not indicated support
for any alignment in or near the base, this alter-
native provides the most flexibility for minimizing
impacts on the base due to the absence of exist-
ing MCAS facilities in this portion of the base.

From the I-805 to the I-5, the HSR line
could remain within the SR-52 right of
way corridor.  With minor widening and
modification the existing median allows
for implementation of a dual track HSR
line primarily at grade with crossing ar-
terial facilities passing under the free-
way.  This alternative costs $257 million
more and is 1.8 miles longer than the
Miramar Road option.

Miramar Road and SR-52 (Common)
From the I-5/SR-52 junction to the line
terminus at either the airport or down-
town, the Miramar Road and SR-52 corridors follow a common alignment.  This common
portion follows the existing LOSSAN rail corridor, which provides HSR the opportunity to

Exhibit 3-14
Miramar Road

Exhibit 3-15
LOSSAN Corridor

share right of way to some extent.  This option requires the
construction of new, dedicated HSR tracks adjacent to the
existing tracks.  As the corridor passes along the eastern
side of Mission Bay, numerous grade crossings and limited
corridor width would require elevating the HSR line.  Elevat-

ing the HSR through this area would re-
sult in substantial visual impacts along
Mission Bay.  Other environmental is-
sues associated with the common
alignment is the potential to impact habi-
tat for  threatened and endangered wild-
life species, coastal wetlands, cultural
resources such as Old Town San Di-
ego, hazardous materials/waste sites,
and parks.

From the airport to downtown, the ex-
isting corridor is completely filled with
existing rail and light rail transit infra-
structure (Exhibit 3-15) and again re-

quires placing the HSR tracks above and adja-
cent to the existing track to achieve grade sepa-
ration.  This would directly impact the intensive
commercial land uses that are adjacent to the
corridor.  Placing the terminal station in downtown
versus the airport site will cost an additional $118
million and have very little impact on ridership
and revenue.  The downtown station site has lim-
ited freeway access and limited area for station
parking.  The airport station allows for better free-
way access as well as easy transfers to the air-
port or light rail transit.  Environmentally, the seg-
ment from the airport to downtown would have
additional impacts to cultural resources, visual

quality, and land use in the downtown area.
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Los Angeles Region
There are numerous alternatives to serve the
expansive Los Angeles region including ex-
isting freeway and rail corridors.  The alterna-
tive corridors considered in this evaluation
were limited to existing rail corridors for the
following reasons.  First, the density and ex-
tent of development in the area inhibit the de-
velopment of a new corridor.  Second, the
alignment geometry (e.g., horizontal curves)
of freeway alignments is very restrictive in
terms of HSR design speeds as compared to
the relatively straight rail alignments.  Third,
freeway corridors are generally more con-
strained in terms of available right of way and
density of surrounding development.  In ad-
dition, the types of land use adjacent to free-
way corridors (e.g., residential commercial)
are typically not compatible with rail lines.
However, operating HSR within existing rail
corridors would not eliminate impacts on ad-
jacent communities.  In most cases, there is
not enough available existing right-of-way for

the HSR tracks, which will necessitate purchasing properties adjacent to the
corridors for HSR.  These corridors are further constrained by the existing rail
infrastructure and service, which would require measures to insure safety when
different types of trains operate on adjacent tracks.

Inland Empire
There were two alternatives to serve the Inland Empire, either along the UP/Metrolink
corridor through Los Angeles and San Bernardino Counties or the SR-91/BNSF/
Metrolink corridor through Los Angeles, Orange and Riverside Counties.  The ex-
isting rail infrastructure, including existing passenger service, along these lines
would constrain the construction and operation of the HSR line.  The evaluation of
each is presented in Exhibit 3-16 for VHS and Maglev technology .

Exhibit 3-16
Los Angeles Area Evaluation VHS/Maglev

Exhibit 17
LA Area UP Corridor



Chapter III - Corridor Evaluation III - 17

UP/Metrolink Ontario-Riverside (Baseline)
The HSR tracks would be constructed at-grade and adja-
cent to the existing tracks along the UP/Metrolink corridor
wherever possible.  Although this corridor is relatively open
east of Ontario (Exhibit 3-17) frequency of existing at-grade
crossings and other development constraints require the
HSR line to be elevated in several locations (Exhibit 3-18).
The Ontario Airport station would allow HSR passengers to
connect to air transportation and also provide convenient
access to the I-10, I-15, and SR-60 freeways.  Although this
option provides better service for the Inland Empire since it
serves both San Bernardino and Riverside counties, it does
not serve Orange County.   This alternative provides the
fastest service to the Inland Empire and the I-15 corridor to
San Diego, approximately 15 minutes shorter (express) than
the SR-91 corridor at a capital cost $770 million lower.  This
option has less potential for significant environmental im-
pacts than the SR-91 alternative as well.  This alternative
could also serve as a branch alignment terminating in Riv-
erside as an initial phase of the project or permanently if the
LOSSAN corridor was implemented instead of the inland
route.  The potential savings associated with terminating
this alignment in Riverside and the effects on ridership and
revenue is shown in Exhibit 3-19.

This corridor has the potential to affect minority populations
in portions of Los Angeles and San Bernardino counties.
Environmental issues associated with this corridor include
impacts to the California Gnatcatcher, a threatened and en-
dangered species located in the rural areas; numerous wa-
ter crossings including several natural drainages such as
the Santa Ana River; and visual quality impacts resulting
from an elevated guideway through Riverside.  Additionally,
there are a number of cultural resources located along the
corridor including Union Station and properties in Pomona
and Ontario.

Exhibit 3-18    Los Angeles Area
Profile Characteristics

Exhibit 3-19
Riverside Terminus Evaluation

VHS/Maglev
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SR-91/Metrolink Corridor from Orange County
The HSR tracks would be constructed at-grade and adjacent to the existing tracks along
the BNSF/Metrolink corridor wherever possible.  This corridor is heavily constrained
through Los Angeles and Orange Counties.  In the Santa Ana Canyon area of Orange
County, development constraints coupled with difficult terrain and sensitive environmen-
tal concerns of the Santa Ana river pose significant constraints to a new HSR line (Exhibit
3-20).  These constraints necessitate the greater use of elevated guideway and substan-
tial fill areas (Exhibit 3-18), which would result in visual quality impacts.  The constraints
and the curvatures of the existing corridor limit the speeds resulting in slower travel times
and increases in the capital costs as well.  This option provides service to Orange and
Riverside Counties, though it does not serve San Bernardino County (i.e., Ontario Air-
port). This alternative would have a number of substantial environmental impacts in
addition to visual quality, including floodplain encroachment and sensitive habitat along
the Santa Ana River; impacts to minority populations in Los Angeles and Orange coun-
ties; parks and recreation impacts to Featherly Regional Park and Chino Hills State Park;
and a number of hazardous materials/waste sites through Los Angeles, Santa Fe Springs,
and Riverside.  Other sensitive resources include Union Station and historic properties in
Fullerton and Riverside.

A station stop at the Fullerton Transportation Center Station would allow passengers to
transfer to a variety of other transportation systems, including Amtrak, Metrolink and the
OCTA bus transit system.  The downtown Riverside station would also provide connec-
tions with Metrolink and the RTA bus transit system.

Exhibit 3-20
LA Area BNSF Corridor



Chapter III - Corridor Evaluation III - 19

Orange County
Three alternatives were considered for serving Orange
County.  All three utilize the northern portion of the LOSSAN
corridor (BNSF/Metrolink between Los Angeles and Fuller-
ton).  The three alternatives consist of a branch alignment
terminating in Anaheim, as part of through service to San
Diego via the SR-91 Inland Empire route, or as part of through
service to San Diego via the LOSSAN corridor.

Orange County Branch Terminus
The evaluation of this alternative is presented in Exhibit 3-
21.  This option provides HSR service along the existing
BNSF/Metrolink corridor south from Los Angeles to Ana-
heim.  This corridor is highly constrained by existing rail
infrastructure and development.  The HSR tracks would be
located at-grade and adjacent to the existing tracks from
Union Station to Fullerton and an elevated guideway would
be required from Fullerton south to Anaheim (Exhibit 3-18)
due to the number of existing grade crossings and intensity
of land uses.  The negative aspects of this alternative in-
clude high visual quality impacts due to the elevated guide-
way and impacts on historic properties along the corridor.
Stations at both the Fullerton Transportation Center and Ana-
heim serve the county�s residents better than the SR-91 option
with only one station.  This alternative does not provide ser-
vice to San Diego and would therefore be in addition to an
inland Los Angeles-San Diego route.  From an operations
standpoint, there are some drawbacks to branched align-
ments.  Branched alignments are less efficient than single
lines, wherein every train can serve each station.  In con-
trast, on a branched line separate trains are required to serve
each branching direction.  However, realizing the limitations,
branched routes are used successfully on many major rail
transit systems.

Exhibit 3-21
Orange Branch Evaluation - VHS/Maglev
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SR-91/Metrolink Corridor
The evaluation of this corridor was presented in Exhibit 3-
16 as part of the Inland Empire alternatives.  This option
provides service to Orange County as part of through ser-
vice to San Diego, which, from an operations standpoint, is
preferable to a branch alignment.  However, only one sta-
tion is located in Orange County, Fullerton, which is well
connected with other modes of transportation but does not
serve central and south county populations. The other as-
pects of this alignment were discussed in the Inland Em-
pire section.

LOSSAN Corridor
The evaluation of the LOSSAN corridor is presented in Sec-
tion 3.4

Los Angeles to LAX
The analysis of the Los Angeles to LAX alternative is pre-
sented in Exhibit 3-22.  Given the dense development in the
region, the only viable corridor for connecting Union Station
with the Los Angeles Airport follows the existing BNSF cor-
ridor.  The right-of-way for this corridor is highly constrained
in terms of the type and intensity of land uses and number
of existing grade crossings, which requires elevating the
HSR guideway throughout (Exhibit 3-18).  The circuitous
nature of the existing corridor (i.e. curve radii) greatly limits
the speeds.  A trip from Union Station to LAX will take 19
minutes, which is an average speed of only 50 mph.  This
performance could be achieved with other forms of rail tran-
sit.  This corridor also has high potential impacts on minor-
ity and low-income populations.  This segment would oper-
ate as a branch line.

Exhibit 3-22
LAX Branch Evaluation VHS/Magle
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Additional Stations
Of the potential stations associated with each alternative,
not all were used for developing the alternative�s capital cost
and ridership numbers.  In the San Diego and Los Angeles
regions, three stations, Mira Mesa, Temecula, and East San
Gabriel Valley, were identified as potential station locations
but their cost and effect on ridership and revenue were not
included as part of the alternative�s evaluation.  Exhibit 3-23
illustrates the effect of including these stations on the HSR
line.  The only capital cost for this alternative is the cost of
developing the station sites, constructing the stations and
providing the connecting trackage, $130 million.  The ex-
press travel times would not change if these stations are

added to the line, but the local travel
time between San Diego and Los An-
geles would increase 16 minutes.
Serving these additional communities
would increase HSR ridership and rev-
enue, without significantly increasing
the impact on the community.

Exhibit 3-23
Los Angeles Area and San Diego Area - Additional Stations
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Tehachapi Crossing
Three alternatives were studied for crossing the Teh-
achapi Mountains, linking Los Angeles with Bakers-
field and the Central Valley (Exhibit 3-24).  From Los
Angeles to Santa Clarita, all of the alternatives follow
the UP/Metrolink corridor because development in the
area limits the construction of a new corridor.  The pri-
mary constraint for all of these alternatives is topogra-
phy (i.e., the Tehachapi Mountains), which influences
grades, cost and length of tunneling.  The evaluation

Exhibit 3-25
Tehachapi
 Evaluation
VHS/Maglev

Exhibit 3-26
Tehachapi Evaluation

Key Constraints/Issues

Exhibit 3-24
Tehachapi Crossing Alternatives

of these alternatives is presented in Exhibit 3-25 for VHS and Maglev technol-
ogy.  Some of the key constraints and issues associated with each corridor are
presented in Exhibit 3-26.
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Antelope Valley/Mojave Pass (Baseline)
This alternative is longer, but the terrain is less abrupt than the other options.
3.5% grades are sufficient to rise above the terrain (Exhibit 3-7); therefore, this
option requires the least amount of tunneling, approximately 11 miles.  Unlike
the other two options, the Palmdale-Mojave corridor crosses all major seismic
faults at ground level rather than in tunnel.  Crossing faults at-grade allows for
faster and easier access and repair in case of a damaging seismic event.  Also,
service is provided to the growing region of the Antelope Valley.  However, this
alternative is 34 miles longer than the Grapevine corridor with express travel
times 9 minutes longer for 3.5% grades (6 minutes longer if 5% grades are used
on the Grapevine).  Local travel times would be 14 minutes longer for the 3.5%
grade.  This added length makes the Antelope Valley alternative more expen-

sive than the Grapevine, between $237 million and
$798 million more for VHS technology (depending on
the grades used on the Grapevine alternative).   The
added nine minutes of travel times negatively affects
the forecasted ridership and revenue, estimated to be
around 7% higher for the Grapevine. Environmental
impacts of this corridor include floodplain encroach-
ment along the Santa Clara River and Soledad Can-
yon; threatened and endangered species such as the
San Joaquin kit fox and California Jewell-flower; park
and recreation impacts to the Pacific Crest National

Exhibit 3-27
Tehachapi Crossing Profiles
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Scenic Trail and Angeles National Forest; hazardous
materials/waste sites primarily related to refining and
trucking; and potential impacts to low-income popu-
lations in the Lancaster area.  Approaching Bakers-
field, this alignment may either run through Downtown
along the BNSF corridor or bypass to the south with a
suburban station serving the city.  The corridor through
downtown Palmdale and Bakersfield is very con-
strained in terms of existing grade crossings, so the
HSR guideway would have to be elevated in those
sections, resulting in visual quality impacts.

Aqueduct Pass
The terrain covered by this alternative is more abrupt
than that of the Antelope Valley corridor.  At a maxi-
mum grade of 3.5%, 15 miles of tunnel are required
while 5% grades can reduce that amount to 13 miles.
Some of the issues associated with the maximum de-
sirable grades were discussed in Chapter 2 � Design
Parameters.  In addition to those already addressed is
the potential for crossing major fault lines in tunnel.  At
3.5% maximum grade, this alignment would cross the
Garlock fault in tunnel while 5% grades would place
the alignment at-grade when crossing the fault.  This
alignment also provides service to the Antelope Val-
ley region.  This alignment is the longest, 35 miles
longer than the Grapevine and 9 minutes longer for

travel times (for either maximum grade on Grapevine).  The 5% grades add 3
minutes to the travel times, which is forecasted to reduce ridership and revenue
by 2-3% as compared to the Palmdale-Mojave alternative.  As with the Antelope
Valley corridor, environmental impacts of this corridor include floodplain encroach-
ment; threatened and endangered species including the San Joaquin kit fox and
blunt-nosed leopard lizard; crossing of numerous natural and channelized drain-
ages; and potential impact to the Antelope Valley California Poppy Reserve.

I-5/Grapevine
This corridor crosses the most difficult terrain of any of the alternatives.  At 3.5%
grades, 28 miles of tunneling are necessary while 14 miles of tunneling are needed
at 5% grade.  As with the Aqueduct Pass, the Grapevine alignment would cross
the Garlock fault in tunnel if 3.5% grades are used but not if 5% grades are
chosen.  This alignment would not provide service to Palmdale and the Antelope
Valley.  The Grapevine corridor has the shortest length and therefore the fastest
travel times, the lowest capital cost, and the highest projected ridership and
revenue. Environmental impacts would be more substantial for the 5% grade
alignment than for the 3.5% grade alignment.  This is due to less tunneling which
would result in additional visual impacts; parks and recreation impacts at Fort
Tejon State Historic Park and Castaic Lake; and potential direct or indirect im-
pacts to historic Fort Tejon.  Environmental issues common to both the 3.5% and
5% grade alignments include floodplain encroachment along Grapevine Creek
and the Santa Clara River; water resources and crossings including Pyramid
Lake and Castaic Lake; threatened and endangered species; hazardous mate-
rials/waste sites; and potential impacts to low-income populations in the Castaic
area.
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Central Valley Alternatives
There were four alternatives studied for the Central Valley, two following existing
rail corridors and two new corridors to the west and east of SR-99 (Exhibit 3-28).
The disruption of farmland and the impact on communities are the primary con-
straints for the Central Valley alignments.  The evaluation of these four alterna-
tives is presented in Exhibit 3-29 for VHS technology.  The key constraints and
issues for each are presented in Exhibit 3-30.

Exhibit 3-28
Central Valley Alternatives

Exhibit 3-29
Central Valley Evaluation - VHS/Maglev

Exhibit 3-30
Central Valley Evaluation - Key Constraints/Issues
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East of SR-99
This corridor follows both existing and new rail corridors
lying to the east of SR-99.  This is the longest of the Central
Valley alignments, approximately 23 miles longer than the
West of 99 alignment, which is the shortest alternative.  Since
it is longer, its travel time is also 7 minutes longer as com-
pared to the West of 99 option and its capital cost $510
million higher (for VHS service).

Since this is a new corridor, there is a high potential for land
use impacts; meaning corridor alignment may cause par-
cel splits.  Parcel splits divide property, disrupting the owner�s
access to his land.  Therefore, they are generally viewed as
undesirable.  Mitigations for these impacts require fair mar-
ket value for the land and provision of crossings.  Minimiz-
ing and avoiding the potential for property severance dur-
ing the preparation of specific alignments is key to main-
taining the viability of the alternative corridor.  Alignments
along existing highways, railways and property lines can
be used to limit the potential for severance issues.

The Fresno Airport station would allow HSR passengers to
connect with other modes of transportation.  On the down-
side, the remote stations will require passengers to transfer
to other forms of transportation to reach urban centers.
Through Fresno, development constrains the corridor and
an elevated guideway would be necessary which would
result in visual quality impacts. There is also a high potential
for farmland and water resource impacts within this corri-
dor.  Farmland required within this corridor includes ap-
proximately 150 acres, 65% of which is considered prime
farmland.  Water resources within this corridor include nu-
merous natural and channelized drainages including 12
rivers.  This corridor also has the potential to impact both
low-income and minority populations, particularly through
Merced and Bakersfield.  Other potentially significant envi-
ronmental impacts include threatened and endangered

species and floodplain encroachment.  There are several sensitive species within the
corridor including the valley elderberry long-horned beetle, the giant garter snake, as
well as several vernal pool species; and floodplain encroachment around major water
crossings.

West of SR-99
This corridor follows a new alignment parallel and to the west of SR-99.  This is the
shortest of the Central Valley alignments and correspondingly has the shortest travel
times and lowest capital cost.  As with the East of 99 option, a new corridor leads to a
high potential for causing parcel splits and disrupting farmland operations.  Farmland
impacts within this corridor would amount to approximately 180 acres, 57% of which is
considered prime farmland.  Steps must be taken in developing specific alignments to
avoid or minimize these impacts.  Also, the capital cost estimates currently include
reasonable provision for crossings along this alignment.  Since this corridor passes to
the west of the major Central Valley cities, impacts on communities are minor.  However,
direct service is not provided to city centers.

Major environmental issues within this corridor include ten major river crossings; flood-
plain encroachment at major water crossings; potential impacts to sensitive species
such as the San Joaquin kit fox and San Joaquin woollythreads; and impacts to minority
populations within Bakersfield.

BNSF Rail Corridor
The HSR tracks would be at-grade and adjacent to the existing corridor.  The HSR tracks
could share portions of the existing BNSF right-of-way where space exists.  Of course
this right of way must be purchased whether part of the BNSF corridor or other property
adjacent to the corridor.  In urban areas, this corridor is highly constrained, which would
require elevating the guideway in some places.  Another constraint is the existing BNSF
rail infrastructure and service, which will require measures to insure safety when HSR
operates on adjacent tracks, either through adequate separation or the use of crash
walls.  This corridor is 9 miles longer than the West of 99 alternative and costs $1,490
million more for a VHS system.  The higher cost is primarily due to additional length of
this alternative and more extensive infrastructure needs in the developed areas.  In
addition, there are several speed limiting curves along the corridor.  In undeveloped
areas, it is possible to purchase right-of-way so the HSR corridor meets the necessary
geometric standards for maximum operating speeds.  However, when these curves
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occur in developed areas, corridor realignment is impossible and HSR performance is
affected.  Since there are several speed limiting curves within urban areas along this
corridor, the BNSF alternative has the longest travel time, 12 minutes longer than West of
99.  This option better serves the urban centers of the Central Valley, though this also
negatively impacts the community more.  Since this alignment follows an existing corri-
dor, it would have fewer potential land use and farmland impacts, even when additional
right-of-way is required.  This corridor would, however, still impact approximately 103
acres of farmland of which 70% is considered prime farmland.  This alignment would
also have the potential to affect low-income populations in the Merced area and impacts
to minority populations in Bakersfield, Fresno and Merced.  There are also a number of
threatened and endangered species within the corridor such as vernal pool fairy shrimp
and the Tipton kangaroo rat.  Many natural and channelized drainages cross the corri-
dor including seven major rivers.  This corridor would also encroach upon several flood-
plains which follow the major rivers.  Other environmental issues include parks and
recreation impacts at Pixley National Wildlife Refuge and Allensworth State Historical
Park; historic resources located along the alignment; visual impacts; and numerous
hazardous materials/waste sites throughout the corridor.

UP Corridor
The HSR tracks would be at-grade and adjacent to the existing tracks, potentially shar-
ing a portion of the UP right-of-way where available.  As with the BNSF, the use of this
right-of-way must be purchased along with any additional right-of-way needed adjacent
to the corridor.  The UP corridor passes directly through the urban center of every major
Central Valley city.  HSR improvements within this corridor have the potential to affect
low-income and minority populations within Merced, Turlock and Modesto.  The corridor
also has the potential to affect minority populations in Bakersfield and Atwater.   The
corridor right-of-way through these cities is constrained by development, requiring seg-
ments of elevated guideway in some developed areas, which has a negative visual
impact on the adjacent community.  The UP alignment is six miles longer than the West
of 99, resulting in a 2 minute longer travel time (VHS).  However, this travel time may
increase by 15 minutes if speeds through the urban areas are limited to 125 mph (Exhibit
3-31).  Since this corridor passes through more urbanized areas than the other corridors,
it has the highest capital cost, $3,168 million more than the West of 99 option.  The higher
costs are primarily due to the higher portion of alignment passing through developed
areas and the associated infrastructure (e.g. grade separations) required through these
areas.

While this corridor would extend along existing tracks, ad-
ditional right-of-way would be required.  Farmland impacts
for this corridor were the highest of all Central Valley corri-
dors with approximately 250 acres, 71% of this being prime
farmland.  This alignment would have the potential to affect
low-income and minority populations in the Modesto, Turlock,
and Merced areas. Other minority population impacts are
also possible in Atwater and Bakersfield. Like the BNSF
corridor, threatened and endangered species within the
corridor include vernal pool shrimp and the Tipton kanga-
roo rat.  There are a total of ten major rivers that cross this
corridor including the Stanislaus River, San Joaquin River,
and Kings River.  This corridor would also encroach upon
several floodplains that follow the major rivers.  Other envi-
ronmental issues include potential parks and recreation im-
pacts at the Stanislaus Fairgrounds and McConnel State
Recreation Area; historic resources located along the align-
ment; visual impacts; and numerous hazardous materials/
waste sites throught the corridor including chemical, petro-
leum and aviation sites.

Exhibit 3-31
Central Valley Reduced Speed Alternative

VHS/Maglev
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Central Valley Community Constraints
Within the Central Valley, the HSR�s effect on the com-
munities of Bakersfield and Fresno requires additional
consideration.  The placement of the line and stations
relative to the cities has implications on the cost, rider-
ship, and impacts of HSR.  While a suburban bypass
reduces the impacts on the community and lowers the
capital costs, HSR passengers must use other forms
of transportation between the city center and the sta-
tion.

In Bakersfield, numerous alternative alignments were
studied as illustrated in Exhibit 3-32.  The possible al-
ternatives are dependent on joining the Tehachapi
Crossing with the Central Valley alignment.  With the
Grapevine and Aqueduct corridors, alignments
through downtown or bypassing to the west of the city
are viable alternatives.  The western bypass can con-
nect with the West of SR-99, BNSF, UP and East of SR-
99 Central Valley corridors, which would reduce travel
times along those routes.  Since the HSR line and sta-
tion would be located outside the city, there would be
less impact on the urbanized area and lower costs in
general.  However, passengers to and from the city
center would have to utilize other transportation.  A
downtown alignment would run along an elevated
guideway through the center of the city and have higher
environmental impacts and capital costs.

For the Palmdale/Mojave corridor, two viable alterna-
tives were identified, either through downtown as de-
scribed before or along a southern route skirting the
developed areas of Bakersfield and joining the west-
ern bypass.  A northern bypass was also considered
but determined to be infeasible due to development
constraints and existing oil fields in the area.  This
southern route adds approximately 10 miles to the route

Exhibit 3-32
Central Valley - Bakersfield
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and is similar in terms of capital cost to the more direct
downtown route.

The choice of alternative routes through the Tehachapi
crossing and the Bakersfield area has a significant
cumulative effect on capital cost.  For example, a cor-
ridor comprised of the I-5 Grapevine alternative using
the western bypass route through Bakersfield and con-
necting to the West of 99 Central Valley route is over
$680 million less than a corridor comprised of the
Palmdale-Mojave alternative passing through down-
town Bakersfield and connecting with the West of 99
route.

In Fresno, the alternatives are limited to the four Cen-
tral Valley options as illustrated in Exhibit 3-33.  Only
the West of SR-99 option bypasses development, the
other three options pass through some portion of the
city.  The development constraints of these 3 options
increase their capital cost as compared to the West of
99 option.  The East of 99 alternative divides the com-
munity of Clovis as studied and an eastern bypass for
this alignment is not viable at high speeds (over 200
mph) due to the curves required to access the Fresno-
Yosemite International Airport.  For the UP corridor,
development does not affect travel times unless speeds
are restricted through the city.  The BNSF corridor, how-
ever, has several speed limiting curves in Fresno which
increase the travel time.

Exhibit 3-33
Central Valley - Fresno
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Bay Area Access Alternatives
There were two options for approaching the Bay Area,
either from the south using the Pacheco Pass to cross
the coastal mountains or from the east utilizing the
Altamont Pass(Exhibit 3-34).  The evaluation of these
two alternatives is presented in Exhibit 3-35 for the
two technologies while the key issues associated with
each are presented in Exhibit 3-36.

Altamont Pass
This corridor turns west from the Central Valley align-
ment just south of Stockton.  The location of the coastal
mountain crossing has implications on the travel times
between Sacramento and San Francisco.  Since this
is the northerly option, the travel time is faster than
that of the Pacheco Pass, almost 50 minutes less for
an express trip with VHS technology and 35 minutes
less for Maglev.  The Sacramento to San Francisco
express travel time, 59 minutes for VHS service and
44 minutes for Maglev, would be very competitive with
other forms of transportation in this market.  The travel
times are less competitive from Southern California.
The travel time to San Francisco from the south (e.g.,
Los Angeles) is 3 minutes faster for this option but the
time to San Jose from the south is 10 minutes longer
than with the Altamont Pass.

With this alternative, a branch alignment is needed to
serve San Jose.  As discussed previously, branched
alignments can negatively impact the frequency of
service provided to the stations along the branches.
This impact is more noticeable in this case, wherein
both termini (San Jose and San Francisco) are the
destinations of a large portion of the passengers.  In
this case, the result is less frequent service to the two
termini unless additional trains (i.e. above the baseline
concept) are provided.  This alternative requires less

Exhibit 3-35
Bay Area Access
Evaluation
VHS/Maglev

Exhibit 3-35
Bay Area Access - Altamont Pass, Pacheco Pass

Note: (1) In Millions of 1999 Dollars
(2) Travel times compared from Junction B to San Jose or San Francisco.  Length and
     Capitol Cost are compared from Junction A and B, respectively
(3) In Millions of Annual Passengers for Statewide System/% Change from Baseline
(4) In Millions Annually for Statewide System (1997 Dollars)/% Change from Baseline
(5) In Millions Annually (1999 Dollars)
(6) Capital Cost Includes Newark to San Jose segment
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Exhibit 3-36
Bay Area Access

Evaluation
Key Constraints/Issues

tunneling than the Pacheco Pass, 8.9 miles as opposed
to 12.3 miles (Exhibit 3-37).  In addition, this alterna-
tive is 58 miles shorter in terms of joining the Central
Valley alignment with the Bay Area.  Since it is shorter
and has fewer tunnels, the Altamont Pass is less costly
than the Pacheco Pass.

Environmental issues associated with this corridor in-
clude substantial farmland impacts from south of Stock-
ton to Tracy; impacts to threatened and endangered
species such as California red-legged frog and the
California clapper rail; crossing of the Stanislaus River
and San Joaquin River in addition to other natural and
channelized drainages; and potential direct or indirect
impacts to historic properties in Tracy.   HSR within
this corridor also has the potential to affect low-income
populations in Livermore and Pleasanton and minority
populations in Manteca, Tracy, Pleasanton, Union City,
and San Jose.  There is also the potential for visual
impacts to adjacent residences.

Pacheco Pass
This corridor turns west from the Central Valley align-
ment between Fresno and Merced.  The more south-
erly location of this alternative leads to a Sacramento
to San Francisco travel time of 1 hour and 48 minutes,
which is not as competitive with other modes of travel
compared to the Altamont Corridor alternative.  This
alternative does provide a faster travel time to San Jose
from the south (e.g., Los Angeles),10 minutes less than
the Altamont option, and the time to San Francisco is
only 3 minutes longer.  Branch operations are not
needed in this alternative to serve San Jose.  Since
they are along one line, the same train can serve San
Jose and San Francisco, improving the level service
to both destinations.  Given the improved service and

Exhibit 3-37
Bay Area Access Profiles
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competitive travel times to Southern California, the forecasted revenue for the
Pacheco Pass is 8% higher for VHS service and 5.5% higher for Maglev service
versus the Altamont Pass.

Overall, the Pacheco Pass option would have more negative environmental im-
pacts as compared to Altamont Pass option.  This option may potentially affect
low-income populations in San Jose and minority populations in Gilroy, Morgan
Hill, and San Jose.  There would be substantially more water crossings associ-
ated with this alignment including over 20 small streams between the San Joaquin
River and Los Banos.  Farmland impacts are greatest within the area of Gilroy to
Morgan Hill and Chowchilla to Los Banos.  This option also has a high potential
to directly or indirectly affect historic properties in Santa Clara.  The San Luis
Reservoir State Recreation Area and O�Neil Forebay may also be potentially
affected by this option.  There would be visual impacts to these resources as
well as to residential areas adjacent to the alignment.  Other environmental is-
sues associated with this option include floodplain encroachment and potential
impacts to threatened and endangered species.

Reduced Stations
While the evaluation of the Bay Area Access alternatives included costing all of
the potential stations, another alternative was studied reducing the number of
stations on the line.  The three stations to be eliminated in this alternative are
Tracy, Newark/Fremont, and Redwood City.  Exhibit 3-38 illustrates the effect of
not including these stations on the HSR line.  Reducing the number of stations
reduces capital costs by a relatively small amount ($108 million) yet it reduces
the ridership and revenue quite significantly.  The express travel times would not
be affected in this alternative, but the local travel times would improve by 15
minutes.

Exhibit 3-38
Bay Area Access - Reduced Stations
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Bay Area Alternatives
There were three primary alternatives in the Bay Area, (1) an alignment serving San
Francisco via the peninsula, (2) an alignment serving Oakland via an east bay
alignment, (3) both the peninsula and east bay corridors and (4) the potential for
terminating the HSR line before the urban centers at an interface with existing re-
gional transit (Exhibit 3-49 and 3-41). In addition, there are alternative sites for the
downtown termini in San Francisco and Oakland, which are presented.

Exhibit 3-39
Bay Area - Altamont Access

Exhibit 3-40
Bay Area via Altamont Evaluation - VHS/Maglev

The evaluation of the peninsula and east bay corridors
as accessed by the Altamont Pass is presented in Ex-
hibit 3-40 for VHS and Meglev.  The capital cost pre-
sented in these figures is the cost from Newark to down-
town San Francisco (Transbay Terminal) or from New-
ark to West Oakland.  The evaluation of the alterna-
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Exhibit 3-42
Bay Area via Pacheco Evaluation - VHS/Maglevtives for the Bay Area if accessed by the Pacheco Pass

is presented in Exhibit 3-42.  The capital costs are pre-
sented from San Jose to the Transbay Terminal and
from San Jose to West Oakland.  Key constraints and
issues for peninsula versus east bay corridors are sum-
marized in Exhibit 3-43.

Exhibit 3-43
Bay Area - Key Constraints/Issues

Exhibit 3-41
Bay Area Pacheco Access



Chapter III - Corridor Evaluation III - 35

East Bay
The alignment through the East Bay area follows the
UP Mulford line.  The HSR tracks would be constructed
at-grade and adjacent to the existing tracks wherever
possible. There is relatively less development (com-
mercial and industrial users) along the East Bay (Ex-
hibit 3-45 and 3-46), which makes it possible to keep
the HSR tracks at-grade until reaching downtown Oak-
land (Exhibit 3-44).  The dense development in down-
town Oakland along Jack London Square necessitates
placing the HSR tracks in tunnel, since the visual im-
pacts of an elevated guideway are considered unac-
ceptable due to the historic value of this area.

Exhibit 3-46
East Bay UP Mulford Line

Exhibit 3-44
Bay Area  Profile Characteristics

Exhibit 3-45
East Bay UP Mulford Line
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While the overall environmental impacts of this corri-
dor are not as severe as the Peninsula corridor, the
impacts would still
be substantial.
Environmental is-
sues associated
with this corridor
include visual
quality, historic
properties, parks
and recreation ar-
eas, and hazard-
ous materials/
waste sites.  This
corridor has the
potential to affect
low-income popu-
lations in San
Carlos, San Lazerno, and Oakland and minority popu-
lations in San Jose, Milpitas, Hayward, San Leandro,
and Oakland.  There also are numerous water cross-
ings associated with this corridor, as well as impacts
to threatened and endangered species including the
salt-marsh harvest mouse.

Peninsula
The peninsula corridor is heavily constrained by com-
mercial and residential development and availability
right of way (Exhibit 3-47 and 3-48).  The existing
Caltrain corridor ends at 4th and Townsend in San Fran-
cisco.  If the HSR line terminus is at the Transbay Ter-
minal, extremely dense development in Downtown re-
quires the use of a tunnel extending from the existing
terminus.  Included in the cost of the peninsula corri-
dor is the construction of a new San Francisco Bay
crossing.  The east bay alignment is shorter than the

peninsula alignment, which leads to faster travel times.  Due to the length and
less development, the capital cost for the east bay corridor is lower as well.

However, San Francisco is more often the destination
for HSR passengers.  Therefore, an Oakland terminus
without service to the peninsula results in lower rider-
ship and revenue.  The potential for serving both sides
of the bay was not addressed for the Altamont Pass ac-
cess because this would require operating three
branches, which is too great a negative impact on ser-
vice.

As stated above, the environmental impacts of this corri-
dor would be greater than the East Bay corridor.  This is
mainly due to the dense development up the peninsula.
HSR improvements within this corridor may potentially af-
fect low-income populations in San Mateo and San Fran-
cisco, and minority populations in San Jose, Mountain
View, Palo Alto, Millbrae, San Bruno and San Francisco.

There are many his-
toric properties ad-
jacent to this corri-
dor including many
in downtown San
Francisco.  Given
the density of de-
velopment and ad-
jacent scenic re-
sources, visual im-
pacts would be sig-
nificant.  Other is-
sues associated
with this corridor in-
clude threatened
and endangered

species including the California tiger salamander; hazardous materials/waste sites;
and parks and recreational resources.

Exhibit 3-47
Caltrain Corridor - South of SFO

Exhibit 3-48
Caltrain Corridor -
South of San Francisco
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Both Peninsula and East Bay Corridors
The potential for serving both sides of the bay is also
addressed for the Pacheco Pass assess(Exhibit 3-42).
If service were offered to both the east bay and the
peninsula, every train would still serve San Jose but
the frequency of service to the two termini would be
diminished.  As a result, the ridership and revenue for
serving both termini is only slightly higher than if ser-
vice is only offered to the peninsula.  The forecasted
ridership and revenue are higher for the Pacheco Pass
alternative than for the Altamont Pass access.  This is
the result of faster travel times to San Jose and im-
proved frequency of service to San Jose and to the
termini, either San Francisco or Oakland.

Exhibit 3-49
Bay Area Terminus Options
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Exhibit 3-50
Bay Area Terminus Options Evaluation

VHS/Maglev

Terminus at Interface with Regional
Transportation System
Several specific scenarios (Exhibit 3-49 and 3-51) for
terminating the HSR line before the urban centers are
presented in (Exhibit 3-50 and 3-52).  The first of these
options is to place the terminus at 4th and Townsend in
San Francisco, the current Caltrain terminus and con-
nect with existing bus transit and MUNI light rail transit
services.  This saves approximately $270 million and
only decreases ridership and revenue slightly.  This
also eliminates the need for tunneling under downtown
San Francisco to reach the Transbay terminal. The sec-

ond option is to place the HSR terminus at the SFO station, which would allow
HSR passengers to connect to either air transportation or to Caltrain and BART.
Other options for terminal locations included San Jose and Pleasanton.

For the east bay, terminus options include the Lake Merritt BART Station and the
Oakland airport.  The Lake Merritt option saves over $420 million and eliminates
the need to tunnel under Jack London Square.  HSR passengers could transfer
to the BART system to reach other Bay Area destinations.  Terminating the HSR
line at Oakland airport saves over $920 million in capital costs while passengers
will be able to transfer to the airport or BART system.
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Exhibit 3-52
Bay Area Terminus Options (East Bay)

Evaluation - VHS/Maglev

Exhibit 3-51
Bay Area Terminus Options (East Bay)



Final Report - California High-Speed Rail Corridor EvaluationIII - 40

3.4  Lossan Corridor
The evaluation of the LOSSAN corridor is presented
separately in this section because it was analyzed based
on two key assumptions that differ from those outlined in
Chapter 2 and applied to the corridors addressed in
Sections 3.2 � 3.3 of this Chapter.  Given the high level
of existing passenger rail service and extensive exist-
ing rail infrastructure on this corridor, key assumptions
were made regarding the application of mixed traffic
operations and incremental improvement phasing.  For
this alternative, improvements would be made to the
existing LOSSAN rail corridor and rail service to improve
this service as a link to the HSR corridor in Los Angeles
with the potential for eventual VHS service along the line.
These improvements could be applied with or without
the implementation of an inland (I-15) corridor.

Exhibit 3-53
LOSSAN Corridor Improvements

Improvement Concept
The existing LOSSAN corridor is the second most traveled rail passenger route in
the United States.  In addition to Amtrak�s intercity service, there are also two thriv-
ing commuter rail services (Metrolink and Coaster) operating on this corridor, as
well as a significant amount of freight traffic.  Although the corridor provides the
most direct rail route between Los Angeles and San Diego, it passes through some
of the state�s most populated regions and environmentally sensitive areas (e.g.,
wetlands and coastal communities).  A variety of improvements are identified in
this alternative to meet the following objectives:
· Maximize the use of existing infrastructure and rights of way,
· Minimize environmental impacts (e.g., noise, wetland intrusion, etc.) in sensi-

tive areas,
· Resolve/mitigate existing environmental issues and concerns,
· Maximize the safety, capacity and reliability of rail passenger service in this

corridor, and
· Minimize the travel times for all passenger rail services in this corridor.
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Improvements meeting these objectives could be implemented incrementally, building
upon projects currently under construction or programmed.  Each grade separation or
double tracking project will provide increased benefits to the existing services as well as
allowing for the addition of new faster, quieter services.  In addition, electrification of the
corridor would provide both environmental (reduction in noise and air pollution) and
operational (decreased travel times) benefits.  However, until the compatibility issues of
the very high speed rail rolling stock is addressed, all services would require a transfer
at Los Angeles Union Station to board the statewide very high speed rail service.  Ulti-
mately, with compatibility issues addressed, VHS service could be provided on this
corridor, thus, providing service in addition to or instead of the inland route.

This improvement concept includes improving conventional service (i.e. faster travel
times and increased service) along with the option of direct VHS service.  Achieving
faster travel times with conventional trains may require purchasing new locomotives,
either diesel or electric.  The cost of these locomotives as well as the cost of additional
trainsets for increasing service is not included in the estimate. Contrary to the assump-

tion made for the other corridors, in this alternative the VHS
trains would utilize the same tracks as the conventional pas-
senger trains.  Allowing for mixed traffic operations along
the corridor could also improve existing service and would
be necessary if VHS trains are to share the tracks.  Electrifi-
cation of the corridor is also necessary for VHS service but
could additionally benefit conventional service (i.e. improved
performance of electric locomotives).

Other features of this alternative include creating a fully grade
separated double track system.  At stations, off line station-
stopping tracks would be provided to allow for through ser-
vice.  Signaling improvements would be made to increase
the safety and capacity of the corridor as well as allow for
increased operating speeds.

Exhibit 3-53
LOSSAN Corridor Improvements
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Exhibit 3-54
LOSSAN Corridor Improvements

In addition to these overall improvements, specific im-
provements would be made at key constrained loca-
tions along the corridor (Exhibit 3-53).  At Los Angeles
Union Station, �run through� tracks would be created.
Through Santa Ana/Orange, a trench/tunnel segment in
south Orange would permit through service and reduce
ongoing noise and traffic impacts on the neighboring
community.  In San Juan Capistrano, a short tunnel seg-
ment under the existing station would permit through
service.  Through San Clemente, a new tunnel align-
ment under I-5 would bypass the current beach align-
ment, improving both safety and service.  In Encinitas, a
short tunnel under the existing station would allow for
through service.  In Del Mar, a tunnel alignment under
Camino Del Mar would bypass the current beach align-
ment. At Rose Canyon, a bypass tunnel would run un-
der the University Town Center area.

For conventional service, all of the existing and planned stations could be utilized.
For VHS service, station stops would be limited to provide faster service.  Potential
stations considered for VHS service include Norwalk, Anaheim, Irvine, Oceanside,
University Town Center, San Diego Airport and Downtown San Diego.

The proposed improvement concept allows for significant increases in operating
speeds and reliability.  Assumed average operating speeds are illustrated in gen-
eral in Exhibit 3-53.  Travel times are reduced significantly (approximately one-half
of times for existing services) as presented in Exhibit 3-54.

Corridor Evaluation
The evaluation of the LOSSAN corridor improvements is presented in (Exhibit 3-
55).  The cost of improving the LOSSAN corridor so that it is VHS service compat-
ible is $2.81 billion, as opposed to $4.0 billion for constructing the inland corridor
from Riverside to San Diego.  The cost of electrification comprises $317 million of
the total cost of the LOSSAN improvements.  In comparing the LOSSAN corridor to
the Inland Corridor between Los Angeles and San Diego, the LOSSAN corridor is
approximately 40 miles shorter than the inland corridor and is 7 minutes faster for a
VHS express trip.  For Orange County, this option provides the most complete
service as compared to the other alternatives, since the corridor serves a larger
segment of the County with the greatest number of stations.  This option also ben-
efits the county by mitigating many of the existing problems within the corridor

There are several issues associated with improvement of the LOSSAN corridor
that need to be addressed as the concept is further developed.  Until VHS
service could be implemented, HSR passengers traveling to or from San Diego
would then be required to transfer at LA Union Station.  Furthermore, allowing
VHS trains to share the tracks would require approval from the FRA for mixed
traffic operations (see discussion under Chapter 2 - Compatibility Issues).
Although these improvements are designed to mitigate the corridor�s impact on
surrounding communities, increasing the number of trains through the corridor
would result in increased noise levels and overhead wiring for train electrification
would result in visual quality impacts.  In addition, the LOSSAN corridor extends
through densely populated areas and through sensitive habitats along coastal
areas and would be subject to rigorous public and agency review.
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IV - Overall Corridor Comparison
Exhibit 4-1

Staff Recommended Corridor Map Based on the regional analyses, three statewide align-
ments were developed according to the recommen-
dations of the Authority and Authority staff.   These
corridors utilize the various regional segments to cre-
ate a system serving all of the state�s major population
centers.  Each of the three alternatives are described
below in terms of alignment and compared in terms of
capital and operating cost and travel times similarly to
the regional alternatives.

4.1  Alternative Defintion

Staff Recommended Corridor
The Staff Recommended Corridor (Exhibit 4-1) utilizes
an incrementally improved LOSSAN corridor to con-
nect Los Angeles and San Diego, the Riverside Termi-
nus Branch to serve the Inland Empire and the Grape-
vine Pass alternative to cross the Tehachapi Mountains.
Through the Central Valley, this option uses the West
99 corridor with the Pacheco Pass corridor to connect
the Central Valley with the Bay Area.  In the Bay Area,
only the Peninsula alternative is used with a San Fran-
cisco terminus at 4th and Townsend.  Finally, a branch
extends the beginning of the Pacheco branch line
(south of Merced) along the West of 99 corridor alter-
native to Modesto and then to the east of SR 99 through
Stockton to Sacramento.

Since the LOSSAN corridor is proposed in this alter-
native to be incrementally improved as a rail corridor,
the use of Maglev technology or any other portion of
this alternative would require a transfer at Union Sta-
tion for service to San Diego.
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Authority Option A
To the south, the Inland Corridor connects Los Ange-
les and San Diego, with the San Diego terminus at
Qualcomm Stadium (Exhibit 4-2).  This option there-
fore serves the Inland Empire but does not serve Or-
ange County.  The Antelope Valley/Mojave Pass alter-
native is utilized for the Tehachapi crossing.  For the
Central Valley and Northern California regions, this
option is the same as the Staff Recommended Corri-
dor.

Authority Option B
This corridor is the same as the Authority Option A
(Exhibit 4-2) corridor with the exception of the Teh-
achapi Mountain crossing.  Authority Option B utilizes
the Grapevine Pass rather than the Antelope Valley
alternative.

Exhibit 4-2
Authority Recommended Corridors Map
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4.2  Alternative Comparison
North of Bakersfield all three alternatives are the same.  The differences in the
options are in the area of the Tehachapi Crossing (I-5/Grapevine versus Palmdale-
Mojave) and the San Diego Region (LOSSAN versus the Inland Route).

Profile Comparison
The composition of the three routes in terms of cross-section (or type of con-
struction) is compared in Exhibits 4-3, 4-4, 4-5.  While the differences appear to
be minor relative to the overall proportions, it should be noted that in terms of
actual quantities they are significant.  For example, the Staff Recommended
System has 25 more miles of tunneling than Authority Option A.  In general, the
length of the alternative and the proportion of these cross-section types are the
primary determinant of capital cost.

Exhibit 4-3
Profile Comparison
Staff Recommended

Exhibit 4-4
Profile Comparison

Option A

Exhibit 4-5
Profile Comparison

Option B
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Capital Cost
The total capital cost for these alternatives ranges from
$23.8 to 25.7 billion for a VHS system and $34.2 billion
for a Maglev system as shown in Exhibit 4-6.  This total
cost is comprised of the construction elements (infra-
structure), the vehicles and support facilities, the con-
tingencies and the agency costs for implementation.
Of course the construction elements represent the ma-
jority of the cost followed by the costs associated with
implementation.  The example breakdown of this total
cost into construction elements, vehicles, etc. is shown
in Exhibit 4-7 which is for Otion B.

Exhibit 4-7
Total Cost Breakdown - Option B

 Staff Recommended
(VHS)

Authority Option A
(VHS)

Authority Option B
(VHS)

Authority Option A
(Maglev)

1) Im millions of 1999 dollars

San Diego - Los Angeles
Riverside - Los Angeles     
Los Angeles - Bakersfield     
Bakersfield - Stockton     
Stockton - Sacramento     
Merced - San Jose     
San Jose - San Francisco
Subtotal
Vehicles and Support Facilities     
Total

$2,813 
2,761 
4,441
3,427
1,880
4,485
2,494

$22,301
1,482

$23,783

$8,364
NA

6,876
6,067
2,559
5,904
2,970

$32,740
1,420

$34,160

$6,765
NA

4,441
3,427
1,880
4,485
2,494

$23,492
1,482

$24,974

$6,765
NA

5,169
3,385
1,880
4,485
2,494

$24,178
1,482

$25,660

Segment
Capital Cost 1

Exhibit 4-6
Capital Cost Summary



Chapter IV - Overall Corridor Comparison IV - 5

738
593
93
52

$23,783

2:30
1:03
2:09
2:02 

23.7 
$538

744
599
118
27

$25,660

2:42
1:00
2:20
2:13

26.1
$593

744
599
118
27

$34,160

2:00
0:49
1:40
1:37

26.1
$579

703
536
123
44

$24,974
     

2:30
1:00
2:09
2:02
    

24.3
$551

Length (miles):
  At-Grade 
   Aerial 
   Tunnel 
Capital Cost (millions) 1 
Travel Times (hours:minutes)     
  Los Angeles - San Francisco  
  Los Angeles - San Diego  
  Los Angeles - Sacramento  
  Los Angeles - San Jose  
Operations and Maintenance     
  Annual Train Miles (millions)  
  Annual O&M Costs (millions)

 Staff Recommended
(VHS)

Authority Option A
(VHS)

Authority Option B
(VHS)

Authority Option A
(Maglev)

1) 1999 dollars     

Exhibit 4-9
Corridor Comparison Summary

The breakdown for the cost of the different construc-
tion elements is presented in Exhibit 4-8,using option
B as an example.  The costs of structures, tunnels and
walls comprise the largest portion of the construction
costs, followed by grade separations and right of way.
While the construction costs of infrastructure related
items are relatively stable and predictable, right of way
costs are less so.  Moreover, the availability of right of
way in specific corridors will rapidly decrease as de-
velopment occurs throughout the state.

Exhibit 4-8
Construction Cost Breakdown - Option B
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The total capital costs are shown for each alternative
by major geographical segment in Exhibit 4-6 for ref-
erence on a regional basis.  For estimating capital
costs, the alignments are broken down into smaller
costing segments.  The cost for each segment for all
alternatives and technologies is shown in Exhibits 4-
10 and 4-11.

Exhibit 4-10
Segment Cost - VHS
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Exhibit 4-11
Segment Cost - Maglev
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Exhibit 4-12
Cost/Mile - VHSThe capital cost per mile varies by technology, terrain

and land development (Exhibits 4-12 and 4-13).  For
VHS technology, the cost per mile ranges from a low
of $13 million per mile in the least developed regions
to over $80 million per mile in the dense urban areas.
The average cost per mile for suburban areas is $45
million per mile and for regions of mountainous terrain
$50 million per mile.  For Maglev technology, the cost
per mile ranges from a low of $25 million per mile in
the undeveloped areas and over $90 million per mile
in dense urban regions.  The average cost per mile for
suburban areas is $55 million per mile and for regions
of mountainous terrain $60 million per mile.
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Exhibit 4-13
Cost/Mile - VHS
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Operations and Maintenance Costs
The operations and maintenance costs for all of the
statewide corridors are presented in Exhibit 4-6.  The
annual O&M costs range from $538 to $593 for the
alternatives with the VHS technology and slightly less
with the Maglev technology.

These costs are comprised of the costs of train opera-
tions, equipment maintenance, maintenance of way,
station services, marketing/reservations, insurance,
general support and power.  Train operations, equip-
ment maintenance, maintenance of way and power are
the largest elements by proportion of the total costs.

For reference, it is interesting to consider the energy
usage of the HSR system in terms of an example trip.
A very high-speed train (steel-wheel-on-steel-rail)
would require approximately 16,000 kilowatt-hours to
travel between Los Angeles and San Francisco (ap-
proximately 400 miles).  A Maglev train would require
approximately 19,500 kilowatt-hours for the same trip.
Based on an average price of $0.11 per kilowatt-hour
and a passenger per train load factor of 70%, the en-
ergy costs per passenger will be approximately $3.87
for the steel wheel technology and $4.71 for Maglev
(that is approximately $0.01/passenger/mile).  Power
costs represent approximately 13 �15% of the total
operating and maintenance cost of the system, de-
pending on technology.

Exhibit 4-14
Express Travel Time Summary

 Staff Recommended
(VHS)

Option A
(VHS)

Option B
(VHS)

Option A
(Maglev)

Express Travel Times (Hours:Minutes)

Los Angeles - San Francisco 
Los Angeles - San Jose 
Los Angeles - San Diego1 

Los Angeles - Sacramento 
San Francisco - Sacramento 
Fresno - San Jose 
Fresno - Los Angeles 
Fresno - San Francisco 
Bakersfield - San Francisco 
Bakersfield - Los Angeles 
Sacramento - San Jose

2:30 
2:02
1:03 
2:09 
1:40 
0:46 
1:19 
1:15 
1:47 
0:47 
1:12

1) San Diego station is downtown for Staff Recommended, Qualcomm Stadium for others.          

2:42 
2:13 
1:00 
2:20 
1:40 
0:46 
1:30 
1:15 
1:47 
0:58 
1:12

2:00
1:37 
0:49 
1:40 
1:16 
0:35 
1:05 
0:58 
1:20 
0:43 
0:53

2:30 
2:02 
1:00 
2:09 
1:40 
0:46 
1:19 
1:15 
1:47 
0:47 
1:12

Travel Times
Exhibit 4-14 presents express travel times between several key city pairs for
each of the alignment and technology options.  In addition, travel times matrices
showing every station for both local and express service are in Appendix I.  The
local travel times for each technology from station to station as well as the aver-
age local service speed are shown in Exhibits 4-15 and 4-16 while the average
express speed is shown in Exhibit 4-17 and 4-18.

The primary difference between the travel times in these three alternatives is in
the express trip between Los Angeles and San Francisco which varies by ap-
proximately 12 minutes depending on whether the I-5/Grapevine or Palmdale-
Mojave Tehachapi Crossing is used. Distances from station to station are shown
in Exhibit 4-19.
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Exhibit 4-15
Local Travel Time/Average Speed - VHS

Exhibit 4-16
Local Travel Time/Average Speed - Maglev
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Exhibit 4-17
Average Express Speed - VHS

Exhibit 4-18
Average Express Speed - Maglev
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Exhibit 4-19
Station to Station Distances
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4.3  Environmental Summary
The following discussion compares the relative poten-
tial for environmental impacts of the Staff Recom-
mended Alternative, Option A, and Option B.  There
are two major differences in the three corridors that
had an effect on the overall environmental ranking.  The
Recommended Corridor would extend along the
LOSSAN alignment from San Diego to Los Angeles
and the I-5/Grapevine alignment from Los Angeles to
Bakersfield.  Option A would take the inland route along
the I-15/Qualcomm alignment and utilize the Palmdale/
Mojave alignment through the Tehachapi�s from Los
Angeles to Bakersfield.  Option B would also utilize
the I-15/Qualcomm alignment but take the I-5/Grape-
vine alignment from Los Angeles to Bakersfield.
Rankings of High, Moderate, and Low discussed be-
low and in Table J-7 were used for relative compara-
tive purposes and are not related to potential level of
impact.  This would have to be fully evaluated in a
future environmental document consistent with both
the National Environmental Policy Act (NEPA) and the
Calfironia Environmental Quality Act (CEQA).

Staff Recommended Alternative
The Staff Recommended Alternative ranked high in
potential for environmental impacts as compared to
the other corridors.

This corridor is constrained by development begin-
ning in San Diego to Los Angeles along the LOSSAN
alignment due to the proximity of the coastline and
dense development in San Diego and Orange coun-
ties, as well as dense development in Los Angeles
County, and Camp Pendleton.  From Los Angeles to
the Riverside Terminus the corridor would extend along
the UP/Metrolink alignment through urban and rural
areas in Los Angeles, San Bernardino, and Riverside

counties.  The corridor is more constrained in the urban areas.  From Los Ange-
les to Bakersfield via the I-5/Grapevine alignment, the corridor extends through
suburban to rural areas.  This alignment would result in 28 miles of tunnel through
the Tehachapi Mountains.  The corridor would extend along the West 99 align-
ment from Bakersfield to north of Modesto through mostly rural areas and more
suburban and urban areas through Central Valley towns and cities.   Through
Pacheco Pass, the alignment would extend through rural areas and small towns
such as Los Banos and San Juan Bautista to a denser urban area around San
Jose.  Up the Peninsula alignment the corridor is within very dense urban areas
all the way to San Francisco following the existing Caltrain route.  Demographics
along the Recommended Corridor are directly related to the dense development
through most of the urban areas. This corridor has the potential to affect a large
number of minority and low-income populations as compared to Option A or
Option B.

This corridor ranked highest for impacts to threatened and endangered species
and habitat as compared to Option A or Option B.  The major difference being
numerous species located along the LOSSAN alignment particularly bird spe-
cies near the coastline and adjacent lagoons. This corridor also ranked highest
for impacts to water resources due to the coast and lagoons along the LOSSAN
alignment. Floodplain encroachment was also highest for this corridor because
of the potential for more floodplain crossings associated with the LOSSAN align-
ment.

The Recommended Corridor ranked the highest overall for potential impacts to
parks and recreation.  The LOSSAN alignment would potentially affect more parks
and recreational beaches than the I-15/Qualcomm alignment.  The I-5/Grape-
vine alignment would also potentially affect more resources than the Palmdale/
Mojave alignment including the Angeles National Forest and Castaic Lake Rec-
reation Area.  Visual impacts were also ranked high due to the potential for major
impacts associated with the LOSSAN alignment, particularly along elevated
portions and along beach areas.  The I-5/Grapevine alignment would also po-
tentially result in substantial visual impacts at recreational areas and to I-5 trav-
elers.  This corridor also ranked highest for potential historic property impacts
because the LOSSAN alignment would pass near historic Old Town San Diego
and Mission San Juan Capistrano in Orange County.
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The potential for encountering hazardous materials/waste sites was ranked as
moderate given that the LOSSAN alignment would extend through industrial ar-
eas in San Diego, Orange, and Los Angeles counties that are not along the I-15/
Qualcomm alignment.  The I-5/Grapevine alignment would not have the poten-
tial to affect as many hazardous materials/waste sites as the Palmdale/Mojave
alignment.

Option A
Overall, the Option A Corridor ranked moderate in potential for environmental
impacts as compared to the other corridors.

The Option A Corridor is less constrained by development than the Recom-
mended Corridor.  The differences include the San Diego extension to Riverside
along the I-15/Qualcomm alignment and the Tehachapi crossing along the
Palmdale/Mojave alignment.  This corridor would bypass Camp Pendleton and
the urban development along the coast and in Orange and Los Angeles coun-
ties.  Along the Palmdale/Mojave alignment from Los Angeles to Bakersfield
there are more developed areas including Palmdale, Lancaster, Rosamond, and
areas around southeast Bakersfield.  Generally, development along this align-
ment is more suburban in nature except through the city center.

This corridor has the potential to affect minority and low-income populations but
to a lesser extent than the Recommended Corridor given that the I-15/Qualcomm
alignment where no minority or low-income populations were identified.  This
corridor may also result in slightly higher potential to impact populations com-
pared to Option B given that the Palmdale/Mojave alignment extends through
more populated areas.

Option A ranked moderate for impacts to threatened and endangered species.
The I-15/Qualcomm alignment would not traverse areas that are as sensitive as
the LOSSAN alignment.  However, this corridor would potentially affect more
species than the I-5/Grapevine alignment.  This corridor also ranked moderate
for impacts to water resources because the I-15/Qualcomm alignment would
cross fewer streams than the LOSSAN alignment and would not be near lagoons
or the coastline.  The Palmdale/Mojave alignment in this corridor and the I-5/
Grapvine alignment in the Recommended Corridor and Option B are relatively

equal in the number and scale of the waters adjacent
to or crossed by the alignments.  Consistent with the
water resources, this corridor also ranked moderate
for floodplain encroachment.  The I-15/Qualcomm
alignment would have minor potential for floodplain
encroachment as compared to the LOSSAN alignment.

This corridor ranked the lowest for potential impacts to
parks and recreation.  The I-15/Qualcomm and
Palmdale/Mojave alignments would not affect as many
parks as the LOSSAN and I-5/Grapevine alignments.
Visual impacts were ranked as moderate because the
I-15/Qualcomm alignment would not have the major
visual impacts associated with the LOSSAN alignment
including those along the coast and through portions
of San Diego and Orange counties.  The Palmdale/
Mojave alignment would result in similar visual impacts
as the I-5/Grapevine alignment.  This corridor also
ranked moderate for potential historic property impacts.
The I-15/Qualcomm alignment would not affect historic
properties in Old Town San Diego or in Orange County.

Option A ranked moderate for potential hazardous
materials/waste impacts because the I-15/Qualcomm
alignment would not affect the number and type of sites
located along the LOSSAN alignment.  However, the
Palmdale/Mojave alignment would have the potential
to affect more sites than the I-5/Grapevine alignment.
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Option B
Overall, the Option B Corridor ranked lowest in poten-
tial for environmental impacts as compared to the other
corridors.

The Option B Corridor is the least constrained by de-
velopment of all corridors.  Like Option A, this corridor
would extend along the I-15/Qualcomm alignment but
the Tehachapi crossing from Los Angeles to Bakers-
field would be along the I-5/Grapevine alignment where
there are less developed areas.  This corridor would
also bypass Palmdale and Lancaster.  This corridor
also ranked lowest in the potential to affect minority
and low-income populations.

Option B ranked lowest for impacts to threatened and
endangered species.  The I-15/Qualcomm alignment
would not traverse areas that are as sensitive as the
LOSSAN alignment or the Palmdale/Mojave alignment.
The potential for water resource impacts and flood-
plain encroachment were ranked as moderate because
the  I-15/Qualcomm alignment would cross fewer
streams than the LOSSAN alignment and would not

be near lagoons or the coastline.  The I-5/Grapvine alignment in this corridor and
the Palmdale/Mojave alignment in Option A are relatively equal in the number
and scale of the waters and floodplains adjacent to or crossed by the align-
ments.

This corridor ranked moderate for potential impacts to parks and recreation.
While the I-15/Qualcomm alignment would not affect as many parks as the
LOSSAN alignment, the I-5/Grapevine alignment would affect more than the
Palmdale/Mojave alignment including the Hungry Valley State Vehicular Recre-
ational Area, Pyramid Lake Recreation Area, and Castaic Lake Recreation Area.
Visual impacts were also ranked as moderate because the I-15/Qualcomm align-
ment would not have the major visual impacts associated with the LOSSAN align-
ment and, the I-5/Grapevine and Palmdale/Mojave alignments would have simi-
lar visual impacts.  Option B ranked moderate for potential historic property
impacts.  The I-15/Qualcomm alignment would not affect historic properties in
Old Town San Diego or in Orange County.

This corridor ranked lowest for potential hazardous materials/waste impacts.  The
I-15/Qualcomm and I-5/Grapevine alignments would not affect the number and
type of sites located along the LOSSAN and Palmdale/Mojave alignments.
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This section describes the overall strategy and specific parameters assumed
for the potential HSR service in California.  The opportunities and constraints
associated with operating these HSR services are also outlined.  This operating
strategy was used as the basis for the estimation of operating and maintenance
costs contained in this report and the ridership and revenue forecasts that were
prepared by Charles River and Associates.  An initial conceptual plan was de-
veloped for use in evaluating a number of different corridors, which was then
refined to reflect changing alignments and stations as well as to improve the
forecasted ridership and revenue.  The conceptual service plan presented is
applicable to the statewide corridors in this study (see Chapter 4), although the
stations vary based on alignment.  Specific scheduling and operations model-
ing analysis and further iterations of testing the operating assumptions with de-
mand forecasting models will be required prior to implementation.

5.1  Capacity
An examination of the Baseline  Conceptual Operating Plan reveals that the
infrastructure to be created by the High Speed Rail Authority would have a great
deal of underutilized capacity.  Capacity exists for more frequent trains and in
periods of the day when portions of the guideway are not used.  Clearly, there
must be demand present to justify the additional service; however, it is impor-
tant to mention the extent of capacity that would be available on the intercity
system.  One of the benefits of fixed-guideway public transport modes is the
ability to adjust the number of trains occupying the guideway as demand in-
creases.  The infrastructure has two important attributes to focus on: it is expen-
sive to create and it provides a very fast path between points it serves.  In order
to take advantage of the speed it offers, the markets it serves can be expanded
to provide for every potential market that could take advantage of the infrastruc-
ture without compromising the quality of overall service.

When other examples of high-speed operations are examined, a pattern of use
dramatically greater than the conceptual operating plan is illuminated.  In Ja-
pan, for instance, the main Shinkansin route has trains being dispatched for the
main station in Tokyo every four minutes, almost throughout the day.  This equates
to 280 daily trains serving 1,200 persons per train.  On the Paris-based high-
speed network, trains are dispatched on a similar schedule for significant por-

tions of the day.  Over 1,000 persons can be accom-
modated per train on the TGV lines in France when
two trains are coupled together.  These systems use
sophisticated train control technology, which will also
be available to the California high-speed system, to
safely control train spacing and provide high capacity.

Capacity is expressed in terms of spacing trains along
the guideway in order to provide for safe stopping of a
following train if the preceding train slows down or
stops.  The space between trains is the headway or
train separation.  For instance, a three-minute head-
way means at the dispatch points trains can originate
three-minutes apart.  Along the line, a three-minute
headway means that at track speed (the speed per-
mitted on the section of track) trains can be spaced
three minutes apart safely.  At intermediate stations,
where additional tracks are available to permit trains
to pass the station, a train can be dispatched almost
immediately after another train has passed the station
since its acceleration to the main track provides the
time to maintain the appropriate spacing.

V - Operating Strategy Development
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It is useful to compare the capacity of a dual track
HSR system to the capacity of existing freeways as a
point of reference.  Assuming a three-minute train sepa-
ration and 650 passengers per train, the HSR system
has approximately the same capacity as a twelve lane
freeway section operating at average vehicle occu-
pancy rates.  Exhibit 5-1 and 5-2 show the assump-
tions and calculation of this comparison.  In both Ja-
pan and France trainsets are operated with capacities
of up to 1000 to 1300 passengers at similar train sepa-
ration times, nearly doubling the capacity of the pro-
posed system.

Exhibit 5-1
Capacity of the HSR System

Exhibit 5-2
Highway of Equivalent Capacity

HSR Passenger
Capacity/Hour

Number of
Passengers/Train

Number of Train/Hour
(Both Directions) 1

650

1300

40

40

26,000

52,000

1) Assumes 3 Minute Spacing

Number 
of

Lanes

Car 
Passengers/
Lane/Hour

Car 
Passengers/
Load Factor

Capacity of 1
Lane/Hour

(Cars)

Numberof
Passengers/

Hour

26,000

52,000

1.1

1.1

2000

2000

2200

2200

12

24
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5.2  Refined Conceptual  Operating/Service Plan
Based on the operating concept (baseline) applied in the commissions previous
studies, conceptual operating plans were developed in conjunction with high-
speed rail ridership forecasts, reflecting service requirements in the San Diego,
Los Angeles, San Francisco Bay Area, and Sacramento corridors.  As prelimi-
nary ridership forecasts were refined the operating plan was also adjusted to
achieve a more appropriate level of service � this was an iterative process be-
tween the ridership plan and the corridor evaluation studies.  The conceptual
operating plan was also refined as corridor options were narrowed.  As with the
baseline operating plan, this refined plan still assumes trains with a capacity of
600 to 650 passengers operating with at least a 65 percent occupancy rate.  No
formal dispatch/operating models or simulations were applied to develop this
conceptual operating plan.

The basic service pattern would be between 6:00 a.m. and 8:00 p.m. for most
trains between Los Angeles and San Francisco, with some trains starting or
finishing trips beyond these hours.  To augment the basic service, trains are
added in the peak periods and some trains in the basic pattern make extra
stops.  Additional suburban-express trains are inserted into gaps in the basic
schedule during the peaks.  The extra stops suburban-express trains make are
made to serve residents of suburban communities who have a destination at the
far end of the route.  These trains function as express trains through the central
valley and as local trains through major urban areas.

In addition to increasing suburban-express service and modifiying stopping
patterns, new regional services were added to assumed baseline operating plan.
The regional services would provide regular service between Sacramento and
the San Francisco Bay Area throughout the day  They would also provide service
from the Central Valley to the Bay Area.  By using trains that originate in the
Central Valley these regional services would offer earlier morning access to north-
ern and southern California.

For statewide intercity service, sixty-four weekday trains in each direction were
assumed in the conceptual operating scenario based on Year 2020 forecasts.
The intercity trains are comprised of four service categories:

¨ Express (20 trains/direction/day) - Trains running
from either Sacramento, San Jose or San Francisco
to Los Angeles and San Diego without intermedi-
ate stops.

¨ Semi-Express (12 trains/direction/day) - Trains run-
ning between similar endpoints as the express, with
intermediate stops at major Central Valley cities
such as Modesto, Fresno and Bakersfield.

¨ Suburban-Express (20 trains/direction/day) - Trains
running �local � during both the beginning and the
end (LA or Bay Area) of the trip while running ex-
press through the intermediate points.

¨ Local (12 trains/direction/day) - Trains stopping at
all intermediate stops with potential for skipping
stops to improve service depending on demand.

For regional service, twenty-two weekday trains in each
direction were assumed in two service categories:

¨ Semi-Express (8 trains/direction/day) - Trains run-
ning between Sacramento and San Francisco,
makeing limited stops at intermediate stations.

¨ Local (14 trains/direction/day) - Trains running
between San Francisco or Los Angeles and San
Diego to stations in the middle of the corridor such
as Fresno or Bakersfield as well as between the
northern terminus of San Franscisco and Sacra-
mento.  These trains would stop at all intermediate
stops with potential for skipping stops to improve
service to stations with highest demand.
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Complicating the service plan for the high-speed net-
work is the potential for multiple terminal stations. The
major northern California terminal is San Francisco,
however, the proposed corridors that were studied al-
lowed for additional terminal stations at San Jose,
Oakland and Sacramento.  The Authority recom-
mended corridor accesses the Bay Area via the
Pacheco Pass and has northern terminals at San Fran-
cisco and Sacramento only.  The major southern ter-
minal is Los Angeles, however, trains will also serve
San Diego.  Of sixty-four northbound intercity trains,
fifty-three daily trains would originate from San Diego
through while the balance would originate in Los An-
geles.  Exhibit 5-3 illustrates the total number of trains
on each of the HSR lines.

The refined conceptual service plan, which was de-
veloped to account for a variety of routing combina-
tions and technologies, is included in Appendix C.

Exhibit 5-3
Conceptual Operating Plan
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Exhibit 5-4
Example Weekday Train Schedule - Year 2016

Example Operating Schedule
A conceptual schedule scenario has been developed to better illustrate the as-
sumed level of HSR service at various locations throughout the statewide sys-
tem.  This example schedule is presented for the Northbound direction in Exhibit

Northbound Service

5-4 in terms of arrival/departure times based on the
conceptual operating plan and the estimated travel
times.  This schedule represents an example scenario
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of statewide weekday train service at potential station
locations throughout the corridor, assuming future
implementation of the overall system.  While this sce-
nario is based on the conceptual operating plan of
daily train frequencies and stopping patterns, it does
not represent optimal train timing/scheduling.  The ex-
ample schedule has not been tested or modeled in a
simulated operating environment.  Extensive opera-
tions modeling analyses and consideration of various
points-of-view will be required before schedules can
be verified or even considered as viable draft sched-
ules for use on the proposed system.

North Regional Service (SAC-SF)

Exhibit 5-4
Example Weekday Train Schedule - Year 2016
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5.3  Express Commute Service Analysis
With its focus on longer distance intercity travel, the baseline conceptual operat-
ing/service plan leaves some gaps in service.  During the morning and evening
peak periods, there were few trains serving the potential markets for business
and work (commute) travel.  The first statewide intercity trains to arrive in North-
ern or Southern California from the other end of the corridor arrive between 8:00
and 9:00 am.  While some regional service was planned during these early morn-
ing hours, there was a significant amount of capacity available for additional
commute services.

Specific studies were completed to evaluate the merit of express commuter ser-
vices that could be provided on VHS or Maglev alignments serving San Diego,
Los Angeles, and Bay Area (San Francisco, San Jose, and Oakland) urban cen-
ters.  Basic route definition, travel time estimates and operating assumptions
have been developed by the Corridor Evaluation team to support travel demand
forecasting analyses prepared by Charles River Associates (CRA) and the local
Metropolitan Transportation Authorities.  It is necessary to compare the revenue
estimates against the associated capital, operations and maintenance costs in
order to evaluate the merit of the proposed express commuter services

Parameters of Express Commute Service
The proposed express commuter services are defined such that the services
would be provided by HSR compatible trains that travel at speeds similar to the
local intercity service, with stops at all the HSR stations within potential commute
range of each metropolitan area.  These commute services would be operated
on the proposed HSR intercity infrastructure including track and stations without
additional infrastructure improvements or related costs.  Capital expenditures

would be limited to any additional rolling stock needed
to provide this service.  Additional rolling stock would
need to be compatible with the intercity rolling stock,
yet they would not necessarily need to have the same
capabilities or passenger accommodations.  The com-
mute segments of the HSR system typically do not have
operating speeds over 125 � 150 mph.  Thus, the com-
mute rolling stock could have lower speed capabili-
ties then the intercity rolling stock.

As with the intercity system, both VHS and Maglev sys-
tems were evaluated, however, for the purposes of this
report, only the VHS technology is presented.  At each
station, 4 trains would be provided per hour of peak
period service.  Three-hour a.m. and p.m. peak peri-
ods were assumed.  A two-minute dwell time was as-
sumed at each intermediate station.

The express commuter routes are defined below for
each metropolitan area in terms of alignment and sta-
tion locations.  The results of the ridership and rev-
enue forecasting are documented in the Task 6 Re-
port: Express Commuter Ridership and Revenue Fore-
casts on High-Speed Rail Alignments by Charles River
Associates.
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San Diego Area
Forecasts were made for three different HSR alignment al-
ternatives for San Diego.  Exhibit 5-5  shows the three pos-
sible alignments.  Only one of these alignments would be
used for the HSR line, and thus be available for the com-
muter service.

¨ Coast : Oceanside to San Diego (Santa Fe Depot), with
an intermediate station at Solana Beach.

¨ State Route (SR) 52 : Temecula to San Diego (Santa Fe
Depot), with intermediate stations at Escondido and
Mira Mesa.

¨ Stadium : Temecula to QUALCOMM Stadium, with in-
termediate stations at Escondido and Mira Mesa.

The Coast alternative would follow the LOSSAN corridor.
While the alignment parallels the Coaster service operated
by the North County Transit District (NCTD) and shares three
stations with it, this alternative would not stop at the Carlsbad
Village, Carlsbad Poinsettia, Encinitas, Sorrento Valley, and
Old Town Transit Center stations.

The SR 52 alternative would begin in Temecula (in the south-
ern portion of Riverside County) and follow the I-15 corridor
south to Escondido and then to Mira Mesa.  The rail line
would continue south along I-15 to SR 52 and turn west
along the SR 52 corridor.  It would turn south along the
LOSSAN corridor and terminate at the Santa Fe Depot, in
downtown San Diego.

The Stadium alternative is similar to the SR 52 alternative
above, except that from Mira Mesa the rail line would con-
tinue south along I-15 terminating at QUALCOMM Stadium,
at the intersection of I-15 and I-8.

Exhibit 5-5
Express Commute Corridors (San Diego)
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Exhibit 5-6
Express Commute Corridors (Los Angeles)

Los Angeles Area
For the Los Angeles region, forecasts were made for three
different lines, all of which could be part of the HSR system.
Exhibit 5-6  shows the three possible commuter lines.

¨ Orange County : Oceanside to Los Angeles (Union Sta-
tion), with intermediate stations at Irvine, Anaheim, and
Fullerton.

¨ Riverside County : Temecula to Los Angeles (Union Sta-
tion), with intermediate stations at Riverside, Ontario,
and East San Gabriel.

¨ Los Angeles County : Palmdale to Los Angeles (Union
Station), with intermediate stations at Santa Clarita and
Burbank. If the grapevine alternative is used for the Te-
hachapi Crossing this line would terminate at Santa
Clarita.

The Orange County alternative would operate in the LOSSAN
corridor and serve Metrolink stations at Irvine, Anaheim,
Fullerton, and Union Station.  To maintain its status as a high
speed line, it would not stop at four intermediate Metrolink
stations (Santa Ana, Orange, Norwalk, and Commerce).

The Riverside County alternative is similar to Metrolink�s Riv-
erside Line but would begin about 36 miles south of River-
side in Temecula.  To maintain its status as a high speed
line, it would not stop at three intermediate Metrolink stations
(Pedley, Industry, and Montebello/Commerce).

The Los Angeles County alternative would begin in either
Palmdale  or Santa Clarita, depending on the Tehachapi
Crossing allignment.  To maintain the high speed service,
current Metrolink Antelope Valley Line stops would not be
made at Acton, Princessa, Sylmar, and Glendale.
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San Francisco Bay Area
For the Bay Area, three different alternative alignments were
tested as shown in Exhibit 5-7.

¨ Altamont Pass : Modesto and Stockton to San Fran-
cisco (Transbay Terminal) and San Jose, with interme-
diate stations at Tracy, Pleasanton, Newark, Redwood
City, and Millbrae/SFO.

¨ Pacheco Pass : Los Banos to downtown San Francisco
with intermediate stations at Gilroy, San Jose, Redwood
City, and Millbrae/SFO.

¨ East Bay : Los Banos to West Oakland with intermedi-
ate stations at Gilroy, San Jose, Newark (Union City),
and Oakland International Airport.

In the Altamont Pass alternative, trains would branch at New-
ark, with half the trains going north to San Francisco and
half going south to San Jose.  To maintain its status as a
high speed line, this service would not stop at a number of
Caltrain stations.  This alternative uses the Commission�s
Baseline HSR right of way.

The Pacheco Pass alternative is very similar to Caltrain�s
alignment except that service would start in Los Banos,
about 34 miles east of Gilroy.  The service terminus would
be at the Transbay Terminal rather than at 4th & Townsend
Street currently used by Caltrain.  To maintain its status as a
high speed line, it would not stop at a number of Caltrain
stations.

The East Bay alternative uses the Pacheco Pass alignment
and serves the East Bay.  Service would still start in Los
Banos but from San Jose would proceed up the East Bay to
Newark, Oakland Airport, and West Oakland.

Exhibit 5-7
Express Commute Corridirs (Bay Area)



Chapter V - Operating Strategy Development V  - 11

Express Commute Cost Analysis
The capital, operations and maintenance costs for this service have been devel-
oped for the commuter lines corresponding to Authority Options A and B, Only.
This costing analysis was based on two different operating scenarios to present a
range of the potential expenses.  Both operating scenarios assume the Stadium
route in San Diego, the Los Angeles and Riverside County routes in Los Angeles
and the Pacheco route to San Francisco in the Bay Area (Authority Option A and B
corridors as defined in the preceding chapter).  First, we estimated the costs asso-
ciated with operating the service using vehicles other than the HSR intercity trainsets.
This service would still be integrated into the daily intercity operations but would be
distinct in terms of the vehicles used (not the same vehicles used for the intercity
service). Second, we estimated the amount of express commute passengers that
could be served by utilizing any available capacity of intercity trains with added
commuter capacity and only proposed operating separate vehicles for the de-
mand not served by the available intercity capacity.  These two scenarios are de-
scribed below.

Separate Vehicles Scenario:
This scenario assumes operating the commute service using vehicles separate
from the HSR intercity trainsets.  The service would still be integrated into the daily
intercity operations but would be distinct in terms of the vehicles used.  The capital
cost estimate for this scenario includes all of the required trains to operate the
service at the assumed frequencies.  All trains assumed for the commute service
were included in the operations and maintenance cost estimate for the commute
services. The cost of operations and maintenance is much higher on a per train-
mile basis for these commute services versus the longer distance intercity service.
It is assumed that the intercity service primarily pays for the maintenance of the
infrastructure (line and stations) used by the commute service, while the commute
service just pays for the additional maintenance required due to its operation.

Integrated Scenario:
The primary assumption of this scenario is that a certain portion of the express
commute passengers can use available capacity on the proposed intercity trains
with added commuter capacity.  The added commuter capacity consists of an
additional coach in each of the intercity trainsets that would be used for commuter
services.  However, this must be limited to trains that traverse the corridor in the
appropriate direction during the peak period and stop at each local station.  There-

fore the analysis considered only local, suburban ex-
press and regional-local trains that meet the requirements
of directionality and timing.  Intercity express and semi-
express trains were not considered for this analysis.
Based on information from CRA regarding the estimated
load factor of locally oriented intercity trainsets during
the peak periods, we estimated the quantity of available
capacity that could be used by commute passengers
including the additional coaches. To the extent that lo-
cal intercity trains could carry express commute pas-
sengers and maintain the assumed frequency of the
commute service, a portion of the commute passenger
demand is assumed to be accommodated on these in-
tercity trains.  The remaining commute passenger de-
mand must be accommodated on separate express
commute trains. Intercity trains not used for commuter
services were not included in the commute operations
and maintenance cost, since they are included in the
intercity estimate.  The estimated load factors and avail-
able capacity calculations are presented in Appendix J.

This scenario also assumes that the intercity fare struc-
ture can accommodate the shorter length commute trips,
so that the assumed ridership and revenue in the CRA
analysis can be achieved.  At present, the ridership and
revenue forecasts are based on different fare structures;
$20 minimum boarding fee for intercity travel and $5
minimum boarding fee for commute travel.

O&M Cost Estimates
The approximate costs of operating and maintaining
a commute service as part of the overall intercity op-
erating strategy have been estimated in terms of an-
nual costs.  These cost estimates are based on oper-
ating, ridership and revenue assumptions and analy-
sis that have not been optimized in terms of frequency,
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 Option Service Scenario Annual O&M Annual Capital Total Annual Cost
Total Annual
Revenue 1

Option A

Option B

$ 126,040,919

$   41,779,754

$ 113,111,090

$   31,853,693

$   70,928,000

$   64,549,254

$   64,480,000

$   19,545,500

$   84,396,000

$   84,396,000

$   69,546,000

$   69,546,000

$ 196,968,919

$   64,549,254

$ 177,591,090

$   51,399,193

Separate

Integrated

Separate

Integrated

1) From Charles River Associates

Exhibit 5-8
Express Commute Service- Annual Cost Comparison

capacity and demand.  These costs should be con-
sidered preliminary and approximate and should be
used only as a relative measure of the cost associated
with operating such a service.
A breakdown of the unit costs associated with the op-
eration and maintenance of both the intercity and ex-
press commute services is included in Appendix J.
The unit cost elements are further defined in the Task
2.0 Technical Memorandum regarding assumptions
and parameters.

The total annual O&M costs for the express commute
service on each commuter line for both Separate and
Integrated scenarios are included in Appendix J and
summorized in Exhibit 5-8.  The number of additional
trains required for the commute service is also pre-
sented for both scenarios.

Capital Cost Estimates
Capital costs were estimated based on the vehicles
required for each operating scenario and annualized
for comparison purposes.  The costs assume a com-
mute trainset that is compatible with the intercity roll-
ing stock for mixed use purposes but not necessarily
the same in terms of performance capabilities.  The
number of vehicles required for the Separate Vehicle
Scenario was based on the operating frequency as-
sumptions, travel times, reasonable turn around times
and a 20% maintenance/spare ratio.  For the Integrated
Scenario the number of was adjusted to account for
the available capacity on locally oriented intercity
trains.  The capital cost estimates are included in Ap-
pendix J and summorized in Exhibit 5-8.

Conclusions
The analysis indicates that operating the express commute service with sepa-
rate vehicles (separate scenario) will clearly cost more in terms of vehicle pro-
curement ($64-$71 million/year) and operations and maintenance ($113-$126
million/year) than it can generate in revenues ($70-$84 million/year).  By inte-
grating the commute service with the planned intercity operations and sharing
capacity, the costs of vehicle procurement can be reduced to ($20-$23 million/
year) and operations and maintenance can be reduced to ($32-$42 million/year).
A summary of estimated capital, operations and maintenance costs compared
to estimated revenue is presented in Exhibit 5-8.  The revenue estimates were
provided by Charles River Associates.
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VI - Implementation Issues
6.1  Project Staging/Phasing
This section outlines the general �blue print� for the scope, timing and expendi-
ture assumptions for the implementation of the Authority Recommended System
in terms of environmental review, engineering design and construction process.
Because of the complexity and scale of the project, the recommended plan for
implementation is outlined below in two primary phases covering a total of 16
years from start of the environmental process to full operation.  However, spe-
cific revenue producing segments could be completed and opened for revenue
service earlier in the 16-year implementation schedule.

Environmental Review Process
Because of the geographic complexity of the project and the number of alterna-
tive corridors and station locations developed as part of this corridor evaluation,
staff is recommending that the environmental review process for subsequent
project development be phased to coincide with engineering design.  The ob-
jective of the next phase of work is to initiate the formal environmental process to
engage public agencies and the interested public in the process of alternatives
planning and evaluation.

The environmental process as prescribed in the National Environmental Policy
Act (NEPA) and the California Environmental Quality Act (CEQA) is designed to
actively engage resource agencies and the public in the evaluation of alterna-
tives to enable informed decisions early in the planning process prior to project
approval.  Initiating the formal NEPA/CEQA process to analyze each of the con-
ceptual corridor alternatives recommended by the Authority in July 1999 will
bring the planning process to a point that feasible corridor rights-of-way can be
preserved for subsequent detailed engineering design, focused environmental
analyses and ultimately implementation.

Program Environmental Document and Conceptual Engineering
Considering the extent of alternative corridors to be analyzed, the appropriate
environmental document for the next phase of project development is a Program
Environmental Impact Report/Environmental Impact Statement (EIR/EIS).   The
advantages of a Program EIR/EIS as described in Section 15168(b) of CEQA
are:

¨ Provision for a more exhaustive consideration of
impacts and alternatives than would be practical
in an individual EIR/EIS.

¨ Focus on cumulative impacts that might be slighted
in a case-by-case analysis.

¨ Avoidance of continual reconsideration of recur-
ring policy issues.

¨ Consideration of broad policy alternatives and pro-
grammatic mitigation measures at an early stage
when the agency has greater flexibility to deal with
them.

¨ Reduction of paperwork by encouraging the re-
use of data through subsequent tiering.

¨ The Program EIR/EIS would also allow the Author-
ity to preserve corridors and alignments for future
implementation.

Although the legally required contents of a Program
EIR/EIS are the same as those of a project-level docu-
ment, in practice there are considerable differences in
the level of detail provided because of the general
nature of the programs being evaluated.  Program-level
documents are typically more general in the discus-
sion of resources and impacts.  Courts have indicated
that a program-level document may contain a more
general discussion of alternatives, impacts, and miti-
gation measures.  This scenario suits the California�s
high-speed-rail project at this stage of planning and
design and will allow for decisions to be made con-
cerning corridors and alignments for subsequent en-
gineering detail and focused environmental analyses.

The program-level environmental process will focus on
the analysis of each of the corridor alternatives to iden-
tify alignments that local, state, and federal agencies,
with approval or permit responsibilities, consider fea-
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sible and to identify alignment alternatives that mini-
mize public resistance.  An Agency Advisory Com-
mittee composed of each of the resource agencies in
the three main regions of the state (Northern Califor-
nia, Central California and Southern California) would
be formed and meet monthly to review the environ-
mental information and identify alignments that would
avoid or minimize potential impacts or policy conflicts.
The Agency Advisory Committee group would also
discuss mitigation measures that can be included in
project planning and design.  Typical agencies that
would be included in the Agency Advisory Committee
include:  U.S. Army Corps of Engineers, FHWA, FAA,
FRA, U.S. Fish and Wildlife Service, U.S. Department
of Agriculture, EPA, State Air Resources Board, Cali-
fornia Public Utilities Commission,  California Depart-
ment of Parks and Recreation, California Department
of Fish and Game, State Historic Preservation Officer,
California Water Resources Board, and Caltrans.  Re-
gional and local transportation planning organizations
should also participate.

A proactive public involvement program would be a
formal part of the Program EIR/EIS and focus on
scoping, identification of issues and concerns, and
consensus building.  In addition to the formal NEPA
public scoping process and public hearing, frequent
informational workshops would be held throughout the
state to discuss alternatives. Continuation of the HSRA
Web Site and Newsletters will help keep the public
informed and involved in the planning and environ-
mental process.  Reaching consensus on alternatives
will be one of the main objectives of the Program EIR/
EIS.

Conceptual engineering analysis would be completed

in this phase of study to support the identification of impacts and proposed
mitigations necessary in the program-level environmental document.  In addi-
tion, alignment and station locations would be further defined in terms of right-
of-way for possible preservation and/or local land use policy actions.  To meet
this objective, each of the alternatives adopted by the Authority for further con-
sideration will have to be developed to a conceptual level (five- to ten-percent of
engineering design).  During this phase of study a project phasing or staging
plan should be developed to identify high priority revenue segments for imple-
mentation.

Based on previous experience with similar corridor studies, staff estimates that
the this phase of conceptual engineering and environmental analysis (to pre-
pare a Program EIR/EIS) will take about two years and cost about $15 to $20
million (1999 dollars).

In summary, the key objectives of the program-level environmental document
and conceptual engineering process are to conduct analyses (consistent with
the level of engineering design), implement the formal public and agency in-
volvement process, build consensus, and provide a solid base for more focused
analyses.  At the end of the Program EIR/EIS phase, the Authority will have the
required technical analyses and public input to make an informed decision on
alignment alternatives to be carried forward to more detailed engineering and
focused environmental analysis for the project-specific environmental document.
The Program EIR/EIS will also provide sufficient analyses for the Authority to
eliminate infeasible alternatives.  The state Notice of Determination (NOD) and
federal Record of Decision (ROD), signifying the completion of the Program EIR/
EIS, will identify a preferred corridor for study in project-specific environmental
documentation.

Project Specific Environmental Process and Preliminary Engineering
The subsequent project-specific environmental documentation and preliminary
engineering could be initiated on either the entire system or on portions/seg-
ments of the system as deemed appropriate to meet the objectives of the project-
staging plan.  Subsequent environmental documents on portions of the system
would tier off of the Program EIR/EIS, focusing only on those topics and resources
that require further analysis to address local issues and site specific impacts.
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Cumulative and general issues would be taken care of.

The Project EIR/EIS and associated Preliminary Engineering studies for the Pre-
ferred Corridor is estimated to have a duration of four years and a cost of ap-
proximately $350 million (1999 dollars).  During this four-year period the follow-
ing tasks would be accomplished:

¨ Project specific environmental technical analyses and documentation on
preferred corridor alternative and stations,

¨ Obtain necessary approvals and permits for system implementation/
construction,

¨ Formal public and agency involvement and agency coordination,
¨ Preliminary engineering sufficient for the detailed environmental analysis,

agency approvals and the design-build procurement process (15 to 30-per-
cent level of engineering design),

¨ Prepare procurement documents for design-build contracts for civil/line con-
struction and design-build-operate-maintain (DBOM) contracts for systems
construction and operations and maintenance, and

¨ Finalize Project Phasing/Staging Plan developed during the program envi-
ronmental stage.

Design and Construction
A design-build approach is assumed for the procurement of the system.  This
design-build process would consist of multiple contracts for the civil works by
segment and/or station area and a separate contract for the systems (power
distribution, track and train control).  Assuming a Design-Build procurement
approach, the period of design and construction is estimated to be ten years for
full completion of the system.  The cost of construction as estimated earlier in
this report is approximately $25 to $26 billion depending on the selected corri-
dor alternatives, assuming the VHS technology.  While financing would be se-
cured for the system as a whole, the construction activities would be staged by
segment due to the large size of the project and the resources required.  Con-
struction of the entire system would be completed through simultaneous con-
struction of segments.  The staging of each segment will be based on its relative
revenue potential as a stand-alone segment and its readiness for construction.

Tables presenting very rough estimates of the annual
expenditures by element over the next 16 years as-
suming the Authority�s Recommended System (Option
A and B) are included in the Appendix.  The estimates
of expenditures were developed for use as a guideline
for preparing financial scenarios for the business plan
and will require further review and detailed study in
terms of construction activities and segment phasing
prior to implementation.  These tables are based on
the general timing and scope assumptions outlined
above for the environmental and engineering stages
of the project.  Expenditure plans were prepared for
two different phasing options.  The first assuming the
completion of segments from Los Angeles to San Di-
ego and Merced to Sacramento in the first four years
followed by completion of the core segment.  The sec-
ond assumes the completion of the core segment from
Los Angeles to San Francisco at the end of the sev-
enth year and the completion of other peripheral seg-
ments by the end of the tenth year clearly, the opti-
mum staging will need to be analyzed carefully during
the program environmental stage.  More detailed phas-
ing/staging plans and schedules will be further defined
during the environmental and preliminary engineering
phase of the project.
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6.2  Institutional Planning
As the Authority moves towards implementation, it may
continue its outreach activities to develop new busi-
ness arrangements with the current public transit op-
erating organizations it will interact with.  These will
primarily be organizations that will provide feeder and
coordinated transit services for customers and agen-
cies that own rights-of-way, which will be used by the
Authority to construct the high-speed infrastructure.

Coordination
One important objective of the Authority is to focus on
customer convenience and to maximize the coordina-
tion among the available modes of transportation.  The
Authority can develop a series of measures designed
to make use of the overall network as �seamless� as
possible.  To this end, the Authority may develop a
series of agreements with local and regional transit
systems, which will improve coordination of services
and take into account every possible action to maxi-
mize customer convenience and system effectiveness.
The Authority could enter into Coordination Agreements
with every public transportation provider that provides
an opportunity to feeding the high-speed train system.
At each proposed station along the corridor various
existing entities provide bus, rail transit or passenger
railroad services.  The list of entities is large and in-
cludes almost every transit system in the State of Cali-
fornia.

These agreements would address improving access
to information, developing integrated fare systems,
designing convenient physical transfers, marketing,
coordinating service and schedules, etc.  This series
of arrangements could become a model for improving
transit system connectivity and customer convenience.

Use of Rights-of-Way
With respect to the use of rights-of-way, the Authority will develop agreements
that cover the issues that arise in designing, constructing and operating its infra-
structure.  These agreements will intensify the Authority�s business relationships
with the other agencies in California providing rail passenger services.  The
arrangements will build a strong relationship among the agencies and help to
unify their approach to provide the highest level of services for Californians.
These arrangements will also offer additional possibilities to assure that the high-
speed system is well integrated with the regional services that already exist and
assure that the construction of the high-speed system can take place without
disrupting current services.

These agreements will cover the issues arising out of any design and construc-
tion activities when the Authority alignment requires use of a right-of-way owned
by an existing passenger rail (or freight rail) operator.  These agreements will
also cover transfer facilities, schedule and service coordination, safety, access
and other issues.  The benefits of these agreements will include improved ser-
vices for high-speed and regional and local transit systems.   Agreements may
be required with the Peninsula Corridor Joint Powers Board (Caltrain), the Union
Pacific Railroad (UP), the Burlington Northern Santa Fe Railroad (BNSF), the San
Diego Northern Railroad (Coasters) and the Southern California Regional Rail-
road Authority (Metrolink).  A listing of local and regional agencies that will inter-
act with the Authority as it implements the high-speed project is attached.
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6.3  Implementation of Freight Services
The Authority can enhance its revenues and increase the utility of the high-speed
infrastructure by establishing special freight services.  Such services will be a
new transportation product in the marketplace and will not compete with exist-
ing railroad freight services.  Two types of freight service are possible including
light small package and container shipments which can be accommodated in
special cars which can mixed into passenger trains and medium weight ship-
ments which can be accommodated in special freight rolling stock adhering to
the design standards and operating requirements of the high-speed infrastruc-
ture.

In order to develop these freight services the Authority can work with the private
sector to establish joint ventures or franchise arrangements.  In addition to in-
creasing the utility of its infrastructure investment, the establishment of freight
services will improve the Authority�s financial position by establishing additional
revenues.  As part of the Authority�s financial planning, investigation of the mar-
keting potential for these services is underway.  The steps the Authority can take
should minimize the Authority investment while maximizing the competitive pro-
cess and the open involvement of the private sector.

The Authority will potentially derive revenue from the use of its property for any
required freight handling facilities and from the use of the infrastructure for freight
operations.  The framework for such an undertaking would provide for a freight
operator to plan, develop, invest and operate the freight business and make any
required arrangements for transportation to and from trains.

Partnerships
The Authority can seek and enter into a partnership with a freight transportation
operator to establish the service.  A partnership permits the Authority to create a
new business within its domain and work with an existing service provider to
bring in their expertise, experience and familiarity with the market.  Such a part-
nership could be a separate company with its own financial arrangements to
assure that only private sector funds are used to invest in business planning,
design, facilities, operating, rolling stock, marketing, labor, and other costs of
establishing and operating the business.  The freight operator would pay a fee to
the Authority for use of its tracks and property and for the operations and main-
tenance services it would receive.  The Authority could seek a partner through

an open process that invites any potential partner to
discuss terms, conditions, financial arrangements, etc.
with the Authority and results in a negotiated arrange-
ment at the discretion of the Authority.  In this way the
Authority could share in revenues and be shielded from
liabilities and risks.

Freight Franchise
The Authority could also establish a competition for
the right to use and occupy its right of way for freight
transportation purposes and select a single carrier or
multiple carriers who would each be responsible for
their own rolling stock, facilities, etc.  The franchise
approach would maintain a distance between the
freight operator and the Authority and maintain the
Authority�s position as right-of-way owner and service
sponsor.  This would be consistent with the passenger
DBOM approach.


