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1.0 INTRODUCTION

1.1 STUDY OBJECTIVE

In July 1992 the Steering Committee for the Québec/Ontario High Speed Rail Project initiated
the Preliminary Routing Assessment and Costing Study for the project. The objective of this
study was:

"to examine the most likely alignment options and station stops in order to identify thoss
routings which offer the highest commercial speeds, lowest capital costs and greatest
market penetration while taking maximum advantage of the available aiternative
technologies.”

The study, completed in June 1993, was carried out by the joint-venture of SNC-Lavalin and
Deican Corporation in association with Canaraii, Sofrerail and Swederail using resources in
Toronto, Montréal, Ottawa and London as well as input from specialists in France and Sweden.

This document, the Study Final Report, summarizes the methodology used, the assumptions
and standards adopted and the findings of the assessment of routes and cost analyses. As
requested by the Projeét Manager for the Steering Committee, this report constitutes a concise
record of the study approach and results, and is structured to facilitate convenient consolidation
into the overall report of the High Speed Rail Project. A detailed documentation of the technical
and cost analyses supporting this Final Report is contained in the Interim Report and Appendices
prepared during the course of the study.

1.2 SCOPE OF THE STUDY

The terms of reference for the study, provided by the Steering Committee, established the basis
for a two phase assessment of infrastructure requirements on representative routes for two
families of high speed rail technologies currently in commercial service elsewhere in the world.
These families were:

. medium-fast (200-250 kph) technologies incorporating body tilting; and
® very fast (300 kph +) technologies currently without body tiiting.

For the purpose of this study, a "Representative” route for these corridors is a route or
alignment selected because it contains physical design attributes consistent with the technicai
criteria, provides opportunities for station locations in urban areas in reasonable proximity to
the market and represents a potentially cost effective environmentally acceptable soiution.
Such routes do not represent the overall "best” alignment, nor necessarily the possible
"preferred” alignment but provide a reasonably representative range of costs given the
topographic, technological and environmental constraints.
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In developing the representative routes, the study was to build on past studies performed for
VIA Rail and the Ontario-Québec Rapid Train Task Force, using information from these studies
provided by the appropriate authorities as well as CN Rail and CP Rail through the Québec-
Ontario Rail Infrastructure Planning Group.

The object of the first phase of the study was to review routing options previousiy identified
by the Ontario-Québec Rapid Train Task Force, as well as any potential new routes in order to
choose corridors which warranted further costing, environmental and operational analysis.
Through this evaluation and selection process, two primary options were to be identified.
These were: )

. one scenario making optimum use of existing trackage or right-of-ways, using new
tracks constructed paraliel to the freight tracks or abandoned right-of-ways;

. one scenario making maximum use of completely new right-of-way (new corridor!
outside of major urban centres.

For the new corridor scenario, the design criteria was to be that of a very high speed train
technology with a maximum speed over 300 kph, while for the existing improved corridor
scenario, two cases were to be studied. These included the very high speed (over 300 kph)
non-tiiting technology family and the 200-250 kph tilting technoiogy family. In the existing
corridor scenario, the study was to assume that the same corridor would generally be used for -
both technologies. However, the benefits of different route options for the two technologies,
as well as combinations of existing and new corridors were to be assessed where appropriate.

Following a multi-criteria comparative evaiuation of the routing options including transportation,
environmentai and cost considerations, leading to the selection of representative routes, the
second phase of the study was to carry out a more detailed analysis of the selected routes to
provide a definition of infrastructure for cost estimating. In addition, this analysis was to
develop horizontal and vertical alignments which would form the basis for the caiculation of
travel times and the preparation of an operating strategy.

In carrying out the second phase detailed analysis, the study was to address issues such as:

. potential locations for stations in consultation with municipalities;

. links to airports;

. location of electrical sub-stations and design of catenary structures;

. the influence of the Canadian climate on infrastructure components;

. the expropriation of land to estabiish rights-of-way;

. the Federal and Provincial legal requirements in respect to existing public or farm
crossings to evaiuate alternative solutions; and

® the requirements for bridges, viaducts and tunnels.



in paraliel with the two phases described above, the study was to perform an integrated
environmental analysis of the routing scenarios to determine environmental constraints including
protected agricultural zones, natural and heritage conservation zones, urban residential or
community zones. The analysis was also to compare routing scenarios with respect to the
number of crossings of rivers and other water bodies, as well as the visual integration of high
speed rail infrastructure in the landscape. '

On completion of the infrastructure definition and environmental analysis, the study requirad
the preparation of a capital cost estimate for the routing scenarios for each family of
technologies. Cost estimates were to be produced for the major infrastructure components for
each segment of city pairs along the route and also by Province. The study was aiso to
evaluate the feasibility of constructing a single track system to identify potential savings in cost
and assess the problems of subsequently adding a second track.



2.0 DESIGN STANDARDS

2.1 ALIGNMENT

A set of geometric design standards for horizontal and vertical alignment was provided by the
Technology Review Consultant for the Project. In addition, guidelines and recommaendations
for developrent of alignment for the French TGV system were provided by Canarail, 2 member
of the study team. The alignments for each of the representative routes were devsioped
assuming maxirmum coperating speeds of 250 kph for the tilting technology and 350 kph for the
non-tilting technology.

The design standards, based on the performance characteristics of each of the two candidats
technologies are summarized in the following table.

Technology
Alignment Design Criteria e———
Over 300'kph - _ 2
{non-tilting} - : ttilting): oo
Desirable Horizontal Curve Radius 6000m or greater 2000m or greater
Minimum Horizontal Curve Radius from speed/curve radius from speed/curve radius
{only in exceptional situations relationships with 180mm relationships with 150mm
- using highest speed possible) supereievation and 0.08g superelevation and 0.08¢g
uncompensated lateral _uncompensated lateral
acceleration. acceleration and up to
100mm tiit.
Profile Grade 3.5% (for current 3.5% (for current
technologies, potentially techriologies, potentiaily
- Maximum 5.0%) 5.0%)
- Desirable C1o2% Oto 2%
Vertical Curve/Radius 23,000 - 33,000m with 10,000 - 17,000m with
0.03g vertical 0.03q vertical acceleration.
acceleration.

The influence of alignment on travel time was also considered in the detailed route analysis,
including recognition of the acceleration and braking characteristics of each of the technologias.

These characteristics are factors in the optimization of alignment approaching station stops in

urban areas where a trade-off exists between the capital cost of developing a high speed
alignment and the acceptable operating speed and consequent travel time.
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To provide an understanding of the high speed train capabilities, a snapshot of the performance
characteristics (acceleration and deceleration) is provided in the following tahie:

al Acceleration:

Technoalogy ' Distance to reach: S ' '-:': ““Timeto reach.

160 kph:-| 200 kph { 300 kph: E;j:jji'sd;k:pn:iaa?‘i 200 kph | 3007 kpk

Tilting 200-250 kph 2.5 km 5 km N/A 100 secs 150 secs MN/A
Non-Tilting, Over 300 2.7 km 5.2 km 16 km 125 secs 160 secs | 330 secs
kph

L= ————~" e

b} Braking

Fa e ——

Technology _ Distance to stop from. : S T‘im'e: to stop from

160'kph | 200 kph | 300 kph | 160 kph-| 200 kph' | 300 kph -
Tiiting 200-250 kph 2.6 km 3.8 km N/A 120 secs | 145 secs N/A
Non-Tiiting, Over 300 2.6 km 4 km 9 km 130 secs 155 secs | 230 secs
kph ' _

2.2 TRACK STRUCTURE
2.2.1 Track on Grade

The investigation of current HSR track structures in use in Europe, carried out by the
Technology Review Consuitant has revealed that, for new construction there are virtually no
differences in the basic track structure for the two technology families. {i.e. 200-250Q kph and
over 300 kph).

In developing the infrastructure requirements for each technoiogy ROW scenario, & typical
arrangement of track structure eiements has been used based on informaticn and drawings
provided by both Swedish and French HSR authorities. Exhibit 2.2.1 illustrates the track
structure arrangement adopted and includes the recommended specifications for sach element
as proposed by the Technology Review study.

2.2.2 Track on Bridges or Viaducts

In order to avoid the probiems associated with transitions from ballasted track to "direct-
fixation” type track on bridges, it is the practice of HSR systems to require all bridges to be
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capable of supporting a ballasted track structure. Conseguently, ail new HSR-carrying bridges
would have concrete decks proportioned to accept the required ballast profile while any existing
double-track bridges along the routes are assumed to require new concrete decks to permit use
of a ballasted track structure.

2.3 TUNNELS

In accordance with the standards provided by the Technology consuitant, the following double-
track tunnel cross-sectional areas have been assumed for tunneis on the representative routes:

i) 81 sq.m in zones where speed will not exceed 200 kph
i) 71 sg.m in zones where speed is 200-270 kph
i) 80 sg.m in zones where speed is 270-300 kph

iv) 150 sg.m in zones where speed is 300-350 kph

Tunnel cross-sections must be increased as operating speed increases to mitigate the affects
of pressure waves as trains pass at higher speeds.
Exhibit 2.2.1 illustrates a typical cross-section for a double track tunnel.

2.4 ROADBED SUPPORTING TRACK STRUCTURE

High Speed Rail service operated at speeds in excess of 200kph requires high quality, uniform,
well-drained, roadbed earthworks constructed on a competent subgrade. This is required 50
that the vertical and horizontal profiles of the rails will not be subject to movement due to the
forces of the wheel on the rail, or due to the climatic effects of freeze/thaw cycles. Current
practice in Europe also requires the placement of two layers of selected material over the
general roadbed surface. The lower layer forms a 700mm deep underbed below the upper
200mm thick subballast layer.

From the standards provided by the Technology Review study and cross-section drawings and
specifications obtained from Sofrerail and Swederail during this study, the guantities of the
various elements of the roadbed were determined for the three route scenarios.

2.5 ELECTRIFICATION

The traction voitage assumed for all three technology/ROW scenarios for the Québec-Windsor
corridor is 25 kV nominal phase to ground using equipment in the 50 KV three-phase ciass.
Due to the distance invoived for the inter-city sections of the route and the relatively smail
number of utility power lines crossing the main ROW it is assumed that the system would use
the 2 x 25 kV, auto-transformer method of catenary power distribution for the majority of the
line routes.
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2.6 NOISE CRITERIA

The specialist noise consultant for the study, LGL and Associates, identified four relevant noise
standards or guidelines which are summarized in the following table.

. ._APPUCABL‘E‘ZNO_ISE"STANDARDS 'AND:‘GU!DELINES:"ZZ--fr--, o
Autherity © " Sourca’ | 'Neise Limits
Montréal Bylaw 4996 As at left Lae 1n Of 80 dBA between
: 0700 and 2300:50 dBA
between 2301 and 06538°
Province of Ontario Model Municipal Noise L... 1bh of 55 dBA between
Control Bylaw - Final Report | 0700 and 2300; Aeg of 50
{publication NPC-131) dBA between 2301 and
0659"
Province of Québec Ministry of Environment Lae 240 of 55 dBA for new
maobiie sources
CMHC Road and rail Noise: Effects | L., of 55 dBA for outdoor
on Housing recreation areas
a) The values cited are for the maximum noise level of intensity of a normalized
noise as defined in the Bylaw. The normalized noise is determined according in
the level of background (ambient} noise, the duration of emission of the measured
intermittent noise and the type of noise.
b} The cited publication refers to the noise environment on the site of proposed
residential or other sound-sensitive development in an urban area; the limits are
" for outdoor sound leveis.

Estimated HSR Noise Levels

Subsequently, LGL were abie to calculate the L,, ., noise levels for the X-2000 and for the
TGV, making use of data provided by the respective suppliers and drawn from the literature.
The resuits of these analyses indicate that at top speed the noise (L., ., } generated by the X-
2000 generally will range from 63 dBA at a 25m offset to 58 dBA at a 75m offset; and the
noise generated by the TGV will generaily range from 65 dBA to 60 dBA for the same
respective offset distances respectively. Note that the top speed for X-2000 is 240 kph, while
that for TGV is 300 kph. The results shown are for one passing train per hour and do not take
directivity into account.
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These resuits should be interpreted with caution for the foliowing reasons:

. the maximum noise L,,, ,, depends on the quality of the wheel and rail running surfaces
{poor track geometry or defective wheeis cause more noise), the type of track structure
{baliasted track versus slab, concrete ties and elastic fasteners versus wood and cut
spikes}, and the train length and configuration (i.e., power car forward or at rear);

| the equivalent noise L, ,, Of a train pass-by is dependent on the L., the train length,
the distance from the track of the noise receptor, the train speed, and {for a time pariod
other than ,), the value of Tin L T

* the results are estimated for a free sound field and are valid for 25 to 75m distances
over flat reflective ground; and

. for multiple trains per hour, L., .. (multiple trains} = L, ,, (1 train) + 10 log No. of
trains. ‘

Noise Mitigation.

While noise reduction at source is the most elegant mitigation technique, more pragmatic
approaches are often needed. Noise barriers and/or berms located adjacent to the track are an
effective technique that is widely used in France and eisewhere, in particular circumstances,
such as the alignment of the TGV-A into Paris-Montparnasse and a number of locations on new
high speed lines in Germany. Placement in deep cuts or even cut-and-cover tunnels may be
required.

Generally, a 2-m barrier or berm is sufficient to control noise generated by the wheal-rail
interaction and other noise sources located below the top of the barrier. However, if
aerodynamic noise is the principal concern, as it will be at full speed for over 300 kph
technology, higher barriers will be required.



3.0 ASSUMPTIONS ADOPTED

in order to define and subsequently quantify, the infrastructure required for high speed rail
service, it was necessary to adopt certain key assumptions. These addressed the relationship
of HSR infrastructure to existing railway rights-of-way or plant contained therein as well as
safety and operational issues. '

This section documents the assumptions adopted following extensive discussions involving the
Technical Committee, the Technology Review consuitant, representatives of the Transport
Canada Rail Safety Group and Federal Railway Administration (FRA) in Washington, D.C. The
consensus of these discussions as well as guideiines issued by the Rail Safety Group provided
the basis for assumptions concerning: )

. track sharing;

. use of existing rights-of-way;

. sharing of corridors;

. use of existing track and or supporting earthworks;
. crossing of HSR right-of-way at grade; and

. safety measures to be incorporated.

As stated in the Final Report of the Technology Review carried out by the Technology
Consuitant, it has been established that for a Canadian application, each of the representative
technologies would be modified to achieve equivaience with existing FRA regulatory standards
and AAR industry practices. This removes technoiogy compatibility as a major factor in
establishing right-of-way requirements and safety measures for shared track or shared right-of-
way operation. The assumptions have been adopted for both technology families in the various
right-of-way scenarios, since their basis is not related to technology, but primarily to operating
speed and the need to ensure high speed rail operation in a fail safe manner, no derailments or
collisions and no fatalities or injuries to passengers, general public or operating personnel.

This approach leads to the definition of specific infrastructure scenarios for use along the high
speed rail routes, each with an associated acceptable operating speed range. These scenarics,
and the basis for their application are outlined in the following sub-sections.

‘3.1 HIGH SPEED RAIL SHARING EXISTING TRACK WITHOUT SPECIAL
CONDITIONS

The sharing of existing, well-maintained track by high speed and conventional commuter or
freight service, without any special reconstruction or operating and maintenance conditions, is
assumed to be acceptable, provided the maximum operating speed of the high speed rail service
does not exceed 160 kph. Consequently, this track-sharing option would only be adopted in
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areas where, in a normal service scenario, high speed trains would always be operated at low
speeds, i.e. in approaching or leaving a station where all trains wouid be scheduled to stop.

3.2 HIGH SPEED RAIL SHARING EXISTING TRACK UNDER SPECIAL CONDITIONS

In a track-sharing and integrated operation scenario where high speed trains would exceed 160
kph, it has been assumed that improvement of the existing trackage wouid be necessary and
special operating conditions wouid be applied. The improvements and special conditions would
relate to track construction, maintenance and inspection, signalling and train controi, training
and operating procedures. Under these sharing conditions, based on the guidelines developed
during the study, the maximum acceptable operating speed for high speed trains has besn
assumed to be 200 kph.

The assumption that high speed rail service would share tracks with other passenger or freight
services in some situations implies that the foliowing requirements can be met:

. complete compatibility of the electrification system and infrastructure with existing
right-of-way plant and signalling systems;

® adequate track capacity over a twenty-four hour period to accommodate the desirable
schedules of all operators;

. sufficient time for maintenance of the shared tracks to high speed rail standards; and

. integrated train dispatching.

For the purpose of this study, it has been assumed that the above would be achieved.

While high speed train operation on tracks carrying freight service can be shown to be safe, the
potential for service interruption due to accident events and the need for increased ingpection
and maintenance of track and rolling stock are factors which make the scenario inadvisable for
extensive sections of the route.

3.3 HIGH SPEED RAIL USING EXISTING RAIL RIGHT-OF-WAY

The detailed analysis of the representative routes maximizing the use of existing right-of-way
required the definition of a range of scenarics involving use of these rights-of-way to a greater
or lesser extent. These are illustrated in Exhibit 3.3.1

Use of the right-of-way by sharing with conventional rail raises the issue of how ciosea to
existing tracks, dedicated high speed rail tracks can be located. If new dedicated tracks are
assumed to be placed at the minimum practical spacing of 4.5 metres, the nearest existing
track would have to be diverted or closed during construction and the electrification catenary
structure would have to span all tracks. Also fencing could not be placed between tracks. This
minimum spacing scenario would be adopted in areas where widening of the right-of-way is
constrained or assessed as very costly. Safety and operating considerations led to the
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conclusion that, as with track sharing, the speed of high speed rail trains shouid be limited to
200 kph.

The discussions concerning safety of high speed rail operations and the Technoiogy
Consultant’s review of track separation practices employed on European and Japanese systems,
indicate that generally a minimum track separation of 9-10 metres would be advisable. This
spacing would permit the placement of the electrification catenary supports.and security tancing
between high speed and conventional tracks and still provide the 5.4 metre and 3.25 metrs
fence-to-track clearances likely to be required by the conventional and high speed rail cperators
respectively. The fencing would also accommodate an active intrusion detection device linked
to the train control system.

Applying the above assumptions for speeds over 200 kph to the existing rights-of-way in the
corridor indicates that sharing of these rights-of-way (typically 30 metres wide) is feasible only
by either relocating existing single or double tracks to one side of the right-of-way (Exhibit
3.3.1 ¢) or by assuming significant widening of the right-of-way. While track reiocation couid
be achieved in specific locations in urban areas, extensive relocation of track in rural rights-of-
way with numerous existing structures and high freight traffic volumes is not considered
practicai. .

Consequently, in a typical existing right-of-way, locating new dedicated high speed tracks at
the 9-10 metre separation required results in the use of only 7-8 metres of existing right-of-way
since, generally existing tracks are on or near the centre of the right-of-way (see Exhibit 3.3.1
b). The remainder of the new high speed rail right-of-way (approximately 30 metres} would
have to be acquired from adjacent landowners. Sharing right-of-way to this limited extent is
considered to be of marginal benefit because the operationai issues and institutional
complications associated with a sharing arrangement wiil likely offset any saving in land
acquisition costs. Hence, freight track reiocation or outright acguisition of the right-of-way are
the only feasible solutions. The latter scenaric is discussed further beiow.

While some sharing of right-of-way by track relocations in constrained urban areas will be
practical and cost-effective, it is assumed that outright acquisition of existing rights-of-way, for
exclusive use of high speed rail, would be achievable in significant portions of the corridor by
consolidation of CN and CP freight operations. Outright acquisition through consolidation is
considered to be possible in the following subdivisions:

. CP Windsor with CN Caso as the freight alternative;

. CP Belleville with CN Kingston as the freight alternative;
. CN Smiths Falls largely owned by VIA Rail;

. the CP M&0O now owned by VIA Rail;

» "~ CP Trois Rivieres;

. CP Brockville.



3.4 HIGH SPEED RAIL SHARING EXISTING RAIL CORRIDORS (Exhibit 3.3.1 d}

This scenario represents the case where sharing or acquisition of an existing right-of-way is not
considered practicai for reasons discussed previously. The assumption in this case is that the
high speed rail right-of-way would share the existing corridor in a location which maximizes the
benefits of adopting the corridor as a part of the route. Generally, this is best achieved by
developing a high speed right-of-way contiguous with the conventional rail right-of-way thus
minimizing the impact on adjacent land use and gaining the benefit of co-location in an
established corridor from an environmental impact viewpoint. However, there could be
situations where the existing adjacent land use makes it more desirable to place the high speed
rail right-of-way more remote from the existing corridor, particularly in urban areas.

A contiguous right-of-way arrangement assumes a new 40-50 metre high speed right-of-way
alongside a typical 30 metre existing right-of-way. This arrangement avoids the institutional
and operational complications of a shared right-of-way scenario and would not carry the cost
premiums normally associated with construction close to an existing operating railway.
Treatment of existing bridges or grade separations is also iess costly and disruptive with greater
separation. The resulting separation between tracks is in the 30 metre range.

3.5 USE OF EXISTING TRACK AND/OR SUPPORTING EARTHWORKS (ROCADBED)

The determination of construction requirements to achieve a track and supporting structurs of
the required standard in sections where existing right-of-way is acquired or shared raises the
issue of the degree to which the existing roadbed can be utilized or rehabilitated. This issue
was discussed at meetings on shared right-of-way matters heid with CP and CN
representatives. During these discussions, it became apparent that while the quality of the
existing roadbed and its year-round integrity is a factor in rehabilitation need assessment, a
major consideration is the requirement to convert the largely single-track existing right-of-way
cross-section into the high quality double-track roadbed specified for high speed rail operations.

For the case of high speed rail routes in right-of-way acquired from CN or CP for exclusive uss,
the conversion process requires the removal of the existing track structure including ballast
since existing rail, ties and fasteners are not considered suitable for high speed rail servica.
Some re-use of good quality ballast may be possible but this would require selection, cleaning
and stockpiling. This potential cost-saving has not been included in the approach for this stucdy
as it is considered to be minor. The existing roadbed subballast layer is known to be very
variable in composition and quality and generaily not more than 300mm thick. Again, this
material would almost certainly have to be removed. Re-use of this material would reguire
screening to remove unsuitable material and stockpiling so that it could become a source of
general fill for the new wider roadbed earthworks.

Widening of the existing general earthworks to accommodate the double-track cross-section
requires significant reworking to achieve the necessary standards for high speed rail operations.
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Nevertheless, saving in overail material required is likely due to re-use of suitable existing fill
and, in the case of existing cuts, a3 reduction in the amount of excavation as these would only
require widening. Conseguently, for existing rights-of-way acquired for exclusive high speed
rail use, the excavation and fill quantities are assumed to be reduced from those for new right-
of-way construction.

in the situations where dedicated high speed tracks are to be offset 8-10 metres from existing
tracks in a shared right-of-way, the roadbed preparation and earthworks have been measured
as new construction. It is felt that the small saving in quantities due to the overlapping of new
and existing cross-sections will be entirely offset by the added ¢omplications of construction
adjacent to existing operating tracks in the shared right-of-way.

Where high speed rail tracks are located at 4.5 metres from existing tracks in shared right-of-
way, earthworks and roadbed preparation have been measured under an item representing the
works required to upgrade the existing roadbed, including widening.

3.6 CROSSING OF HIGH SPEED RAIL RIGHT-OF-WAY AT GRADE

The definition of infrastructure requirements at locations where the high speed rail right-of-way
crosses existing roads or highways requires a decision as to the acceptability of at-grade
crossings and if so, what protection measures would be necessary and what speed would be
permissible for high speed trains passing through such crossings: The extensive discussions
on this matter led to the adoption of the following assumptions:

. existing at-grade crossings with present levels of protection will be permitted in areas
where high speed trains will operate at speeds up to 160 kph;

. existing at-grade crossings with improved protection will be acceptable in areas where
high speed trains will operate at speeds up to 200 kph; and

. no form of at-grade crossing will be permitted in areas where the speed of high speed
trains will exceed 200 kph; :

. new at-grade crossings of high speed rail right-of-way remote from existing crossings

will not be permitted regardless of operating speed.

3.7 SAFETY MEASURES TO BE INCORPORATED

Resuiting from investigations of HSR operations eisewhere in the world as part of the
Technology Review, the following safety measures have been assumed as necessary for the
three technology/ROW scenarios analyzed:

Security fencing wouid be provided along the entire ROW to discourage both human and animal
intrusion. Fencing designed specifically for wild life habitats where larger species are present

would be utilized. For areas where the ROW is shared with conventional rail service on tracks
less than 8m from HSR tracks, the fencing is assumed to enclose both conventional and HSR

3-B



tracks. If freight trains share the ROW, hot box, hot wheel and dragging equipment detectors
will be placed no more than 25 km apart.

Active intrusion detection devices linked to the train control system will be incorporated in the
security fencing design. The application of these devices in relation to proposed operating
speed is discussed further in the report of the Technoiogy Review.

All grade separations passing over the HSR ROW will have intrusion detection measures aiong
the sides of the structure and approaches to detect vehicles that have penetrated bridge
parapets or guardrai!s. The devices will also be iinked to the train control system such that an
intrusion will place signals to danger.

It'is also assumed that detection systems will be incorporated to ensure the integrity of the
ROW against potential occurrences such as:

® earthquakes;

. rock slides;

. snow slides/drifting; and

. flooding adjacent to the ROW resuiting from beaver dams or other causes.

Precedents for these types of detection do exist on HSR operations elsewhere in the world.

The following improved protection is assumed for existing at-grade crossings, deemed to be
acceptable on a site-specific basis in zones where operating speed is between 160 kph and 200
kph:

. crossing-occupancy detection circuits linked to the train control system;
. full-width barriers fitted with vehicie intrusion detection;

] improved signage and adequate sight lines; and

. avoidance of hazardous road conditions approaching the crossing.
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4.0 REPRESENTATIVE ROUTES

4.1 THE SELECTION PROCESS

As highlighted in the summary of the terms of reference for the study in Section 1 it was
necessary to identify two primary corridors to which the technology families wouid be applied.
These were:

. a corridor made up of largely new right-of-way with design criteria for the very high
speed over 300 kph train technology; and
. corridor making optimum use of existing trackage or rights-of-way, with options for both

the 200-250 tiiting and very high speed over 300 kph technologies.

The use of new right of way offers the advantages of unrestricted access for construction,
grade separation of high speed rail tracks only and the opportunity to minimize route length and
avoid established communities along existing rights of way. Howaever, in developing a totally
new route, the inevitable land acquisition costs must be accepted and the potentiai for new
transportation/environmental conflicts must be recognized.

Outright purchase of an existing right-of-way for a high speed rail route provides the benefits
of an established transportation corridor and potential costs savings from the re-use of roadbed
material and some existing bridges. Sharing a right-of-way however, means accepting the costs
for resolution of issues such as:

. maintaining rail access to adjacent industrial customers; _

. grade separation of both high speed and conventional tracks at existing level crossings;

. construction of high speed tracks adjacent to an operating railway;

. relocation of existing conventional tracks to accommodate high speed tracks within the
right-of-way if land acquisition is to be avoided;

. construction of bypasses where existing rights-of-way conflict with surrounding urban

environment.

The development of a representative route for each of the corridor/technology families was
carried out in two stages.

The first stage entailed a muiti-criteria comparative evaluation of route aiternatives identified
in prior studies for VIA Rail and the Ontario-Québec Rapid Train Task Force, or during the first
phase of this study. The evaluation process was conducted using performance and impact
indicators available at this early stage of the study and incorporated Transportation Service,
Natural and Socio-economic Environment and Cost Factors.

Following the selection and approval, of the "Representative” routes by the Steering
Committee, the second stage, "Detaiied Routing Analysis" was carried out. The work during
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this stage led to the definition of all infrastructure components for the three routes described
in the remainder of this section.

4.2 THE ROUTES SELECTED
4.2.1 The Corridor using Existing Rights-of-way with 200-250 kph Tilting Technology.
General Outline of Route

In accordance with the Terms of Reference, the objective of this technology/corridor scenaric
was to maximize the use of existing railway right-of-way. The representative route deveioped
between downtown Windsor and Québec has a total length of 1249 km with 14 potentisi
station locations. Exhibit 4.2.1 sheets A and B illustrate this route which summarized below.

Windsor to Toronto

The route starts at the south end of the Windsor - Detroit Tunnel in downtown Windsor and,
with the exception of new bypasses of Tilbury and Chatham, follows the CP ROW to London.
From London, it continues east to Hamilton, bypassing Woodstock and Paris. The route skirts
the northern limits of Hamilton and after passing through Buriington, Oakville and Mississauga
along the CN ROW, enters Metropolitan Toronto.

The CN ROW along the lakeshore through Etobicoke is used to reach Union Station. Continuing
eastward, the CN ROW is again used to leave the urban area through Scarborough, Picksring,
Ajax, Whitby and Oshawa.

Toronto to Montréal

From Oshawa, the route continues eastward in the CN ROW, passing through Port Hope,
Cobourg and Trenton en route to Kingston and Brockville. The National Capital Region is
reached from the Brockville area by bypassing the town to the west and following the CP ROW
up to Smiths Falls. The route also bypasses Smiths Falls to the west and then joins the CN
ROW which is used to continue north-east up to the National Capital Region.

After bypassing Richmond, the route enters Ottawa along the CN ROW through Federal junction
and on to the existing VIA Station. From the station the route leaves the Ottawa urban area
using the CN ROW leading to the abandoned CP ROW which continues eastward through
Bourget, Vankleek Hill and St-Eugene to Rigaud. A bypass of Rigaud and Hudson rejocins the
CP ROW at Vandreuil and Dorion from where the route enters the Montréal urban area along
‘the combined CN and CP ROW. This ROW is followed through Baie D'Urfé, Beaconsfield,
Kirkland, Pointe Claire and Dorval to Lachine where the CN ROW is adopted to reach Cantral
Station.
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Montréal to Québec

Since the selected representative route for the Montréal-Québec segment follows the north
shore of the Saint-Laurent River, the route leaves Central Station northward through the Mont
Royal Tunnel. It passes through Laval along the CP ROW, which is then foliowed to Trois-
Rivieres passing south of L’Epiphanie, north of Berthiervile and including bypasses of
Maskinongé, Louiseville and Yamachiche.

Geometric constraints in Trois-Riviéres are avoided by adopting a new route north of the City.
The new route rejoins the CP ROW east of Cap-de-la-Madeleine, bypasses Portneuf and Pont-
Rouge and follows the existing ROW eastward to Ancienne-Lorette. From Ancienne-Loratte,
the route continues into the Québec urban area along the CP ROW as far as Allenby Junction
where it joins the CN ROW. The CN ROW is used to reach Gare du Palais through Vanier and
the Limoiicu Yards. :

4.2.2 The Corridor using Existing Rights-of-Way with over 300 kph non-tilting Technology.

As with the 200-250 kph tilting technology scenario, the objective in defining this route is
again, to maximize the use of existing railway ROW. The detailed analysis for this scenario has
highlighted the need to include more sections of new ROW to avoid existing georneatry
constraints which preclude operation at speeds in the 300 kph range. This requirement and the
adoption of a shorter route on new ROW between Kingston and Smiths Falls are the major
differences between this route and that described for the tilting technology scenaric. The total
route length is 1221 km, between Windsor and Québec and 14 potential station sites have
been identified. Exhibit 4.2.1 aiso shows this route which is summarized below.

Windsor to Toronto

Starting at the south end of the Windsor-Detroit Tunnel in downtown Windsor, the routs
generally follows the CP ROW to London, except for new bypasses around Tilbury and
Chatham. Geometric constraints in London are avoided with a new ROW bypassing the city
to the south. From London, the route continues east to Hamilton using both CF and CN ROW
along with new bypasses of Woodstock, Paris and Brantford.

The route skirts the northern limits of Hamiiton and rejoins the CN ROW to pass through
Burlington, Oakville and Mississauga before entering Metropolitan Toronto.

In Toronto, the CN ROW through Etobicoke is used to reach Union Station in downtown.
Continuing eastward from the station, the CN ROW is again used to exit the urban area through
Scarborough, Pickering, Ajax, Whitby and Oshawa. :



Toronto to Montréal

From Oshawa, the route generaily foliows the CN ROW to Kingston however bypasses to avoid
alignment geometry constraints are required at Port Hope, and Cobourg. Sharp curvature again
precludes use of the CN ROW through Napanee and Kingston, hence a new route across the
north of the urban areas was developed, leading to a new corridor linking Kingston and Smiths
Falls. After bypassing Smiths Falls to the west, this new corridor rejoins the CN ROW between
Smiths Falis and Ottawa.

The route foliows the CN ROW to Richmond, which it bypasses, entering Ottawa at Federal
Junction from where it continues to the existing VIA Station. From the station, the route
leaves the National Capita! Region using the CN ROW to reach the abandoned CP ROW which
is followed eastward to Vankleek Hill. East of Vankieek Hill the route leaves the CP ROW,
turning north to cross the Ottawa River near Pointe Fortune. It then continues in a north-
easterly direction in a new ROW up to the existing CP north-shore ROW which it joins south-
west of Mirabel Airport. From this point the route couid either follow the CP ROW eastward
to Laval or be diverted through the airport rejoining the CP ROW in Sainte-Thérese befors
continuing south into Laval. :

The CP ROW is used to cross the Riviére-des-Prairies from where a new tunnelled ROW links
the route to the CN ROW entering the existing Mont Royal Tunnel The existing tunnel is used
to access Central Station in downtown Montréal.

Montréal to Québec

Since the selected representative route for the Montréai-Québec segment follows the north
shore of the Saint-Laurent River, the route leaves Central Station northward through the Mont
Royal Tunnel. It passes through Laval along the CP ROW which is then foliowed to Trois-
Rivieres passing, south of L’Epiphanie, north of Berthierville and including bypasses of
Maskinongé, Louiseville and Yamachiche. :

Geometric constraints in Trois-Riviéres are avoided by adopting ‘a new route north of the City.
‘The new route rejoins the CP ROW east of Cap-De-la-Madeleine, bypasses Portneuf and Pont-
Rouge and follows the existing ROW eastward to Ancienne-Lorette.

This section includes some re-alignment to improve curve radii and permit speeds over 300 kph.
From Ancienne-Lorette, the route continues into the Québec urban area along the CP ROW as
far as Allenby Junction where it joins the CN ROW. The CN ROW is then used to access the
existing Gare du Palais through Vanier and the Limoilou rail yard.
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4.2.3. The Corridor using largely New Right-of-Way with over 300 kph non-tilting Technology.

For this scenario, the principal objective was to determine the infrastructure required to provide
HSR service at over 300 kph mostly in new corridor between Windsor and Québec. The
detaiied analysis of alignment options revealed that the oniy feasible route through the major
urban areas was the sharing of existing rail ROWs. The route developed for this scenaric has
a total length of 1256 km, with 16 potential station sites identified between Windsor and
Québec. This route, also illustrated in Exhibit 4.2.1 sheets A and B is summarized below.

Windsor to Toronto

As with the other scenarios described previousiy, this route begins at the south end of the
Windsor-Detroit Tunnel, however it remains within the CN Caso ROW up to the limits of ths
Windsor urban area. From here the route turns east into a new ROW between the CP ROW and
the Highway 401 corridor. After bypassing Tilbury and Chatham, the route swings to the
north-east and continues towards the southern limits of London generally following the Highway
401 corridor and paralleling the farm property grid.

From the outskirts of London, the route swings north to reach a new more northern ROW
which continues eastward between Kitchener-Waterloo and Cambridge to the Niagara
Escarpment. After crossing the escarpment in the Highway 401 corridor, the route follows this
corridor through Milton where it joins the proposed Highway 407 corridor which provides the
opportunity to pass the northern edge of Pearson Airport. At this location, the route swings
south into the existing CN ROW which passes through the City of York to access Union Station
in downtown Toronto from the west.

~ Toronto to Montréal

The route for this scenario exits the Metropoiitan Toronto urban area by sharing the CF ROW
through Leaside, Don Mills and Agincourt Yards in north Scarborough. Continuing north along
the CP ROW the route reaches the proposed Highway 407 corridor near Locust Hill. The
Highway corridor is used 'to bypass Pickering and Oshawa.

East of Oshawa the route continues gradually southward to the Highway 401 corridor near Fort
Hope and Cobourg.

The route leaves the highway corridor at Colborne and continues east in a new more northerly
ROW through Frankford to Kingston. From the outskirts of Kingston, the route swings to the
north-east and continues, generally parallel to Highway 15, up to Smiths Falls. After bypassing .
Smiths Fails to the west, the route joins the CN ROW to enter Ottawa through Faderal
Junction.



Since the representative route between the National Capitai Region and Montréal, was salected
to be along the north shore of the Ottawa River, the route leaves the CN ROW in Ottawa and
follows the CP ROW across the river to enter downtown Hull. Between Hull and Montréal, the
new ROW passes through Gatineau, south of Buckingham, north of Montebelio and along the
north shore to Lachute. After bypassing Lachute to the south, the route swings north to join
the CP ROW at the south-west corner of Mirabel Airport. As described in Section 6.1 the route
couid either pass through the airport terminal and then south to Laval, or bypass the property
to the south and continue to Laval.

From Laval the CP ROW is used to cross the Rividre-des-Prairies from where g new tunnelied
ROW links the route to the CN ROW entering the existing Mont Royal Tunnel. The existing
tunnel is used to access Central Station in downtown Montréal.

Montréal to Québec

For this scenario, the route from Central Station to the eastern limit of the Montréal urban ares
is identical to that described in Section 6.1.3 for the "Existing ROW" scenario i.e. north through
the Mont Royal Tunnel, up to Laval and then north-east along the CF ROW to Mascouche.

From Mascouche, the new ROW paraliels the CP ROW as far as Saint-Barthélémy where it joins
the Hydro CQuébec corridor which it follows to north of Louisevilie, The route continues across
country to join the bypass of Trois-Riviéres developed for the other scenarios. Between Trois-
Rivieres and La Pérade the route generally follows the Autoroute 40 corridor. At La Pérade, a
Hydro Québec corridor north of the Autoroute, is again joined and followed eastward to a point
15 km west of Ancienne-Lorette. From this point, the route swings across to rejoin the CF
ROW south of Québec airport.

The route through the urban area uses the CP ROW, with curve improvements in the Les Saules
area, to reach the CN ROW at Alienby Junction. From the junction the CN ROW is shared
through Vanier and Limoilou to gain access to Gare du Palais.

4.3 METHOD OF ACHIEVING THE RIGHT-OF-WAY

In the development of the right-of-way for the representative routes described above, the cross-
sections shown in Exhibit 3.3.1 were applied in the manner considered most appropriate for
the physical and buiit environment encountered along the routes. This approach resulted in the
distribution of right-of-way characteristics summarized graphically in Exhibit 4.3.1. Of note in
this summary is:

. the need for new right-of-way making up 21% and 45% of the 200-250 kph and over
300 kph existing corridor routes respectively;
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200 - 250 KPH TILTING TECHNOLOGY
Total Length = 1248 km IN EXISTING RAIL CORRIDORS

NEW ROW
268 km 21% (remote from existing or for curve improvement)

25akm RN\ 21%  NEWROW IN EXISTING RAIL CORRIDOR
k (HSR ROW contiguous with existing CN or CP ROW)
b
281 krn /// 22% EXISTING ROW SHARED
//‘ (HSR tracks in existing or widened CN or CP HOW)

EXISTING ROW ACQUIRED

448 km 36% (HSR tracks in widened existing ROW acquired

from CP, CN or VIA)
- OVER 300 KPH NON-TILTING TECHNOLOGY
Total Length = 1221 km IN EXISTING RAIL CORRIDORS

NEW ROW

556 km 45% (remote from existing or for curve improvement)

1) NEW ROW IN EXISTING RAIL CORRIDOR.
110 km >\\\\ 9% (HSR ROW contiguous with existing CN or CP ROW)
293 km /// ‘8% EXISTING ROW SHARED '
4 (HSR tracks in existing or widened CN or CP ROW)

EXISTING ROW ACQUIRED

332 km _ 28% (HSR tracks in widened existing ROW acquired
from CP, CN or VIA)

Total Length = 1256 km %ngveogoi(gg svlgRN-TILTiNG TECHNOLOGY
) NEW ROW .
1048 km 83% (remote from existing or for curve improvement)
15 km 1% NEW ROW IN EXISTING RAIL CORRIDOR
: (HSR ROW contiguous with existing CN or CP ROW)
135 km 11% EXISTING ROW SHARED
0.0, (HSR tracks in existing or widened CN or CP ROW)
f EXISTING ROW ACQUIRED
57km w4 5% (HSR tracks in widened existing ROW acquired

from CP, CN or VIA)

SUMMARY OF RIGHT-QF-WAY
CHARACTERISTICS

Exhibit 4.3.1




* the requirement to share existing right-of-way for 12% of the new right-of-way route,
this resulting from the need to access urban areas using existing rail corridors; and

. the proportion of each route for which outright acquisition of existing rail right-of-way
was considered to be realistic.

4.4 GENERAL CHARACTERISTICS OF THE INFRASTRUCTURE
4.4.1 Alignment

The alignment geometry, both horizontal and vertical, developed for the tilting technology
family generally permits operation at speeds in the 200-250 kph range through the rural
portions of the corridor. Most geometry-caused speed restrictions occur in the access t¢ the
major urban areas along the route. Rural alignment, defined for the "over 300 kph, existing
corridor” scenario consists of a combination of the straight or gradually curving sections of the
existing rights-of-way and new right-of-way sections to avoid sharp curves or urban areas.
Most of the alignment for both new and existing "over 300 kph" corridors meets the desirable
standards for a 350 kph operating speed.

4.4.2 Tunnels

Tunnelling was considered desirable at the following locations along the representative routes
for the reasons noted.

L " the escarpment between Hamiiton and Burlington - 3.25 km to avoid the environmental
impact of improving the existing CN alignment;

. north Montréal - 2 km to link the CP Lachute and CN Mount Royal subdivisions thus
avoiding sharp curvature and major railway junctions;

. in Laval - 1.5 km to bypass a severe speed restriction due to a 400 metre radius curve
in the existing right-of-way;

. betwéen Rigaud and Hudson - 2.4. km on a new bypass of the towns on the Z00-2850
kph existing corridor route;

. Ottawa - under Dows Lake on the existing CP Ellwood subdivision to duplicate an
existing single track tunnel required for the new corridor scenario;
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. Trenton - east of the Trent Canal to penetrate a local ridge on the new corridor scenario;
and

* near Montebello and Calumet to traverse hilly terrain on the new corridor scenario.

4.4.3 Viaducts

The use of viaduct structure has been assumed in locations where the height of an embankment
would exceed 20 metres or where high speed rail tracks would cross a serias of existing
features such as rivers, lakes, roads, railways or large areas of poor ground. This approach is
consistent with current practice in the development of high speed rail lines in Europe. An
indication of the amount of viaduct structure anticipated on each route is given below:

200-250 kph technology in existing corridor 6.2 km
over 300 kph technology in existing corridor 7.3 km
over 300 kph technology in existing corridor 4.3 km

4.4.4 Grade Separations

As stated in the assumptions concerning crossing of high speed rail right-of-way, at-grade
crossings would not be permitted where the operating speed is to be above 200 kph.
Conseqguently for both "over 300 kph" technology scenarios, the grade separation or closure
of all roads crossing the right-of-way has been assumed. Generally, costs have been included
to grade separate all significant public roads as well as to close and divert other mincr public
roads.

For the 200-250 kph technology, it has been assumed that initially, operating speed would be
constrained to 200 kph thus permitting at-grade crossings with improved protection along this
representative route. Hence grade separation has been included only for
expressways/autoroutes and provincial highways or other major roads carrying high traffic
volumes,

The use of the above approach has resulted in the following requirements for new grade
separations on the representative routes.

200-250 kph existing corridor

over- 300 kph existing corridor 467 -

over 300 kph new corridor 492 ‘ . -
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5.0 STATIONS AND AIRPORT LINKS

This chapter provides a summary of the potential station sites identified along each of the
representative routes as well as an overview of the implications of linking the high speed routes
to the airports in Montréal and Toronto.

5.1 STATIONS

The investigation of station locations and facilities along the representative routes was based
on meeting the following planning criteria:

a) the need to provide access to HSR service in areas with potential to generate significant
ridership as determined by the demand forecasting analysis.

b) the need to identify a downtown site in the major urban centres of Montréal, Toronto
and Ottawa/Hull. Impilicit in this criterion was an assessment of the suitability of the
existing main rail passenger terminais in each centre for high speed rail.

c) the requirement for an intermodal station providing access to the major airports in the
corridor i.e. Mirabel and Pearson. '

d) . the requirement to assess opportunities to develop stations with convenient intermodal
connections to local urban transit systems in the maijor urban areas.

e) the need to locate stations for intermediate centres either at suitable downtown sites
in the case of routes passing through the urban area or at convenient regional or
suburban sites along routes bypassing the urban area.

f) the provision of approximateiy 400 metres of straight alignment at a grads not
exceeding 0.5% to accommodate station piatforms for 8 car trains with a power car at
each end.

In response to the study terms of reference and requests of the Technical Committee during

the study, the station locations listed in Table 5.1. were identified as desirable sites both from
a ridership generating and intermodal opportunity point of view. '

5.2 LINKS TO MAJOR AIRPORTS

During the alignment definition phase of the study, opportunities to achieve convenient access
to the major airports in Montréal and Toronto were investigated. The findings of this anaiysis
of airport links are summarized below.
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Detroit/Windsor New Suburban Station - S of b g
Windsor
London/St. Thomas New Suburban Station - SE g
of London urban CP
' ROW
Kitchener/Watertoo New Suburban Station - Near -
Cambridge interchange of Highways
401 and 24
Hamilton/Burlington New Suburban Station - NE *
of Hamilton near Waterdown
Rd in Burlington
Pearson Airport New Station NE of airport on «
N.W. Toronto Hwy 407 corridor.
Greater Toronto Area Modification of existing *
Union Station in downtown
Maetro Toronto
Greater Toronto Area - New Station in Metro -
) Toronto (Uptown} CP ROW
at Yonge St.
Eastern Greater Toronto New Suburban Station in - E. *
Area Pickering on CN ROW
Eastern Greater Toronto New Suburban Station at -
Area junction of CP Havelock
subdivision and Highway 407
corridor in E. Markham
Kingston Region New Station 10 km N of -
downtown Kingston near
regional road 10
Kingston Region Modified Suburban Station £y
on the existing VIA station
site
Ottawa - Hull Modification of the Existing A

VIA station




Ottawa - Hull

New Station in Downtown
Hull on the existing station
site

Ottawa Region

New Surburban Station in
Merivale SW of Ottwa.

Mirabei Airport
N.W. Montréal

New Station on airport
property near terminal using
provisions made in airport
design

Darval Airport W. Montréal

Modification of the existing
VIA station in Darval

Montréal Urban Community

Modification of the existing
Central Station in Montréal

E, Montréal Region

New Station on the CP
Lachute subdivision in Laval

Trois-Riviéres

New Suburban Station N. of
Trois-Riviéres on new bypass
of urban area.

W. Québec Region

New Suburban Station on CP
ROW in Ancienne Lorette

Cuébec

Modifications to existing
Gare du Palais




5.2.1. Montréal - R

In Montréal, the Dorval Airport can be linked to the representative route for 200-250 kph HSR
service which uses the existing CN rail corridor through Dorval Station, approximately 1.5 km
from the airport terminal. Access to the terminal buildings would have to be achieved by some
form of people mover or shuttle bus service. Diversion from the rail corridor to pass under or
close to the terminal buildings would require a, costly 7 km long underground alignment
beneath fully developed communities and across airport property.

The routing for the 200-250 kph scenario precludes any direct access to Mirabel Airport uniess
the Montréal urban area is accessed from Lachute as in the representative route for the "Over
300 kph, existing ROW" scenario. Clearly, this aiternative access would then eliminate any
direct link to Dorval Airport.

For both over 300 kph scenarios, access to the Montréal urban area is from the northwest
along the CP Lachute Subdivision immediately south of Mirabel Airport property. Consequantiy
a diversion of the route into the airport property has been investigated. This diversion has an
additional length of 6 km and requires 4 km of underground construction to link to the
‘provisions for a future underground station incorporated in the original airport terminal
construction. From the east, the route would approach the terminal in a ROW adjacent to the
existing main access road to the terminal.

q 5.2.2. Toronto

Access to Lester B. Pearson Airport in Toronto is possible from the over 300 kph new right-of-
way only, as the representative routes for both technologies using existing rail right-of-way to
approach the Greater Toronto Area follow the lakeshore corridor. This corridor passes through
fully developed urban area approximately 15 km to the south of the airport and thus preciudes
a convenient link to the airport .

The over 300 kph new right-of-way route would pass 2 km, north-west of the Pearson Airport
property before entering the CN Weston sub-division, which then continues in a south-easterly
direction through the Maiton GO station and into Metro Toronto. The GO station and the
Mighway 427 grade separation are located approximately 3.2 km and 2.3 km from the airport
terminal area respectivetly. Either of these locations could be linked to all three terminals by a
high frequency people mover shuttle with a travel time under 5 minutes. The alternative direct
access to the terminal area by high speed rail would require a major 10 km long tunnel undar
airport property and the surrounding industrial area. A station in the tunnel could serve only
one terminal directly. Inter-terminal transfer of some form would still be necessary to reach the
other two. '



SOCIC-ECONOMIC ENVIRONMENT

1. Major Parks and Historic ®
Sites/Areas*®

Length of encroachment
on major parks or historic
areas managed by federal,
provincial or municipal
governments.

1:50,000 militia mapping
Hydro-Québec mapping
1:10,000 aerial
photography

2. Major Tourism/Recreation .
/Conservation Areas

Length of encroachment
on major pubilic and
private sector recreation
facilities and Conservation
Areas.

1:50,000 miiitia mapping
Hydro-Québec mapping
Municipai Official
Plans/mapping

Length of encroachment
on municipally defined
settiernent areas outside
urban areas directly served
by high speed rail.

1:50,000 militia mapping
Municipal Official Plans

Length of route within
500m of municipally
defined settlement area®.
Length of route directly
through or within 250m of
clusters of buildings
outside municipally defined
settiement areas’.

1:50,000 militia mapping
Hydro-Québec mapping

Length of route traversing
soits with Class 1 and 2
capability to support
agriculture.

Length of route directly
affecting specialty crops®.
Length of route traversing
artificial drainage -
systemns'®,

Orientation of route to ot
lines®".

1:250,000/1:50,000 CL!
mapping

1:50,000 Agricultural
Land Use Systems
mapping

1:25,000 Artificial
Drainage mapping
Hydro-Québec mapping
1:20,000 Québec foraestry
mapping

1:20,000 MAPAG'? Tile
Drainage mapping

3. Urban Perimeters® .
4. Rural Cor-nm-unities .
5. Agriculture® .
6. Federal Reserves .

-Length of encroachment

on federal {DND) military
bases; airport sites.
Length of encroachment
on Indian Reserves.

1:50,000 militia mapping
Hydro-Québec mapping
Public Works Canada




7. Major Natural Resource s Length of encroachment s+ 1:50,000 militia mapping

Areas on harvestable woodiots. « 1:250,000 OMNR oil/gas
« Length of encroachment resource mapping
on aggregate resource « QOMNR District Land Use
areas. Guidelines

= Length of encroachment
on oil/gas pools.

8. Waste Management Sites » Length of encroachment s 1:50,000 militia mapping
on major « MAPAQ
existing/proposed/ s Ontaric interim Waste
candidate waste Authority'?

management sites.

Notes :

—

o R W

o N @

~ (D

Based on OMNR/federal evaluation/classification system for wetlands south of the Precambrian
Shield.

MLCP - Québec Ministére du Loisir, de la Chasse et de la Péche.

includes cross-referencing to Routing and infrastructure Team anaiysis of watercourse crossings.
in Québec, includes all sites and structures identified under the Loi Sur Les Biens Culturels
includes judgmental update of built-up areas not shown on outdated militia maps. Excludes
Québec, Trois Riviéres, Montreal, Ottawa, Kingston, Toronto, Cambridge, London and Windsor.
Reflects proximity to defined (primarily rural) settiements where existing routes have been aitered
for bypass purposes or where new routes come close to villages.

Reflects sensitivity of generally undefined communities/strip development {at least & structures
within 1 km).

in Québec, ali sensitivities are inside area zoned Agricuitural by the Commission Frotection du
Territorire Agricole du Québec (CPTAQ).

Includes major tobacco, fruit, vegetabie, sugar bush areas.

includes systematic and random tile drainage and municipal drams as an mdlcator of capital
intensity.

Orientation categories : LL1-parallel (route paraliel to Iot line; least impact); LL2-perpendicuiar rear
(route perpendicular to lot line at rear of farm; moderate impact}; LL3-perpendicular front/middle
(route perpendicular to lot line through interior of farm or in proximity to main buildings; major
impact),

MAPAQ-Ministére de I’Agricuiture, des Pécheries et de |"Alimentation du Québec.

Current WA search for landfiil sites in Metropolitan Toronto and the Regional Municipalities of
York, Durham and Peel.




TECHNGLOGY : 200-250 Km/h on Existing ROW

TABLE 6.2a

ENVIRONMENTAL OVERVIEW (BY SECTION}

Provingially Significant Featwes | Ecological ReservesMildiie Areas o __ Significant Fisherias/Aquatic Habitat
Watlands ANSY's ESA's " Watardowl Deer Yards Nature Cold/Cool Warm Migratary | Spawning/
{Class 1-3) Staging Reserves/ Water Water Nuisory
~ R P T __ 4 Reproduction MgmtAreas | @ | (@ | Aroas
_Seclion  Keb|] km [ob| km nb | km nb |  m nb km nb km_ fob] km [ob] km nb km
WindsorToronto | 3| as| 3 34 12 145] o  27] o 00] 1 1o 2 00} 178 0.0 ol oo
TorontoOttawa | 12] ~ 332| 2 04 1 64 0 00} O 001 4 6501 &  0o0F 13) oof 0f @ 00f 6] 0o
_Ottawa-Montreal | 2 S0 2 ¢ 00} 5/ 171 © 0of 1 Aol o _oof of 00 _9y_ oo
| Montreal-Quebec | 0 ;ﬂﬂg __oof o] oof 1f 56| o 0o} o _,__.__g_c_) Lol oojias] 00 | 6 13
T o] 7] Tare] 7 55] 13 209] 7]  25] 0 of & so] s 0.0] 330 0.0 6 13
o Sig. Forests | Floodplain/Geotech. Hazards |~ ~Major Parks/Historic sites Major Yourism Areas  JUrb T Rural Communilies 7
{Woodlots) Wetland Areas of Provincial Nationsl Historic Sites/ | Recreation Conservation B00m Prox. 1o | 250m Prox. to
Areas Erosion Historic Areas Areas Arons Exist. Urban | Resldences in
B R 1 L B o Parimeter Non-Urban
__ Section nb| km nb km nb km  Inb| krn nb km nb km nb _kn_ 1In km nb km fnb!  km
Windsor-Toronto | 0 0oy 2 511 8  BOS) 2 45p of 00l 0o 00 5 ney 4 105 B L . o 260
Toronlo-Ottawa | 3 6oof of _00p Of 09} 1 03 of 08 &  00f O 901 94 00 L] I/ .2 287
OtawaMonveal | 0| oo} o ool of ool of ool of “oo] of " ool of _ eo| i 4o _2_oef [  s2
Montreal-Queboc | 0f 00} 3 51§ & 15] o/ o00] o 0o o g0] o[ o0] o 0.0 13 189 24| 151
~ To| 3]  eoo] 5 102] 13 s20] 3 48] of o[ o af s 18] 5| 145 19 265] 75| 780}
- ﬂ Agriculture Federal Reserves Mejor Natural Resource Areas
Class 1-2 Soils Specialty Anlfficial Orantation to Military Indian Harvesiable Aggregate Qil/Gas
Crops Orainage Lotiines {b) {c) Base Reserve Woodlots RAesource Poala
(b} b} Syslems (b) tLi u2 ua Areas o
| Seclion | nb km nb km nb km nb km nb km nb km nb km nb km__ | nb km nb km b km
‘Windsor-Toronlo _ o 2918] 0 30p O 1805] © 1053 O 2021 O 674f © 00f © 00§ 0 00 & oo 3| 15
TorontoOttawa | 0  1413] 0 00} o 00| o 00} o o0l o 0o o 0o0] 2 15] o 00] o 00| of o0
Ottawa-Montreal 0 193] 0} 00f O 00l o 0ol 0 00] ¢ ool o 0401 0 0otk o 00l 3 13 o a0
Montreal-Quebec | 0 1074] o 265] 0 2074 o 107 0 506 0 1142) 0 00f o 00§ 0 00] o 00f 8| oo
Totall O 559.8f 0 298] 0O 2012] O 212 o i08] 0 1ai6] O of 2 i5 0 af 3 13 3] 1h
o Waste Management Sites Moles : {a) Mumbes of crossings only. All watercourse crossings in Monlreal-Quebaec saction are considered as warm waae;
Existing Candidate b} Length only.
Sites Sites fc} Mot calculated for Taronto-Montresl seclion,
Secion  Enb kem nb ke
Windsor-Toronio 0 - 00, O 0.0
Toronto-Ottewn | 0 a0 0 0.0
Ohtaws-Montreal 7 80 0 0.0
Monireal-Ouebec ¢ D g0 O .0
Toisfl 4 iy I [



TECHNGLOGY :.Ovar 300 Km/h on Exisling ROW

TABLE 6.2b

ENVIRONMENTAL OVERVIEW (BY SECTION)

"~ Provincially Significant Fealures

Ecoiégigal Reserves/Wildlife Areas

‘Significant Fisherios/Aquatic Habital

Wellands ANSI's ESA's | Watedow Deer Yards Nature Cold/Cool ] Warm Migralory | Spawning/
(Class 1-3) Staging Raserves/ Water Waler Nursery
e N . 4 Reproduction Mgmt Areas @ |t ] ] HAeas
__Section  fob] &m Job] km fab] km  frb| km frb] km |nbl km Inb] km Jnb} km jebj km _jnbl km
| Windsor-Tetonte | 3; a7 3 3.4] 13 82 1 2711 0 oo] 2 1oy 1 ooj19s]  00f N 00} © 98
_Joronto-Ottawa | 10 2391 1 o1l 5 782 o 00} O 004 4 ssop 6/ oo} 12 ool o  00f 0Of 90
| Otlawa-Montreal § 2 50} 2 174 © 6ol S 167] 0O a0f 1 401 of  00f 1 00] o 0o] 1| 08
Montreal-Quebec | 0 gol o 0O0f O 00f 1| 56] ¢ 0o0] o 0oof o oof1s2] o0} oOf 00f] 6] =~ 13
_ Totall 15{  326] 6 5.2[ 18 934f 7 25] © o] 7 0] 7 _0.0] 360 ao] 01 R 21
7 77 ISig. Forests Ficodplain/Geotech. Hazards Major Parks/Histotic sites_ " Major Taurism Areas _ JUiban Perim. | Aural Communilies
(Woodlots) Waelland Areas of Provinciat National Historlc Sites/ | HRecreation Consemvation JNew/Exist. ROW ] 500m Prox. to | 250m Prox. to
Areas Erosion Histoiic Areas Areas Areas equired in Set-|  Exist. Utban | Residences in
o . 1 ____tlemenl Areas _Perimetor | _Non-Liban
___Seclion  fnb|  km nb km ab | km nb km nb km nb km nb km  Job| km fnb km nb km JInb| km
Windsor-Toronlo } 0 ool § 1221 w641} O ool of  oof of ~ o0of 6 . 131l 5 1058 6 70 .4 40y 28 31.0
TowntoOtawa | 7| 1180] of ool of  oof 1} o3l of  oof of oof of ' oof 1 o2f 10 328 1} 04f 13 209
___OﬂawaEMgﬁMV 1] 20 [H ao] O 0.0 1 G2 0 00 0 00f 0 _ oo 1 4.0 1 0.2 1 o8] 13 82
Montreal-Quebec | 0] 00§ 3 51] & 511 0 ao] o 0o0f] o 00 O 00] O 0.0 19 1070 12)  175] 23;] 122
Tota B! 1200] & 17.3} 19 8s2| 2 05fF 0 o] o 0] 6 131) 7 14.7] 36 50.7] 18 22.5} 77[ 723
i B Agriculture Federal Reserves Major Nalural Resourco Aress
Class 1-2 Soils Spocialty Artificial Ovientation to Military Indian Harvestable Aggregate Oil/Gas
Crops Diainage Lot Lines (b} {c Baso Reserve Woodiots Hasource Poals
(b) {b) Systems (b} LL1 [TE] [TK] Areas o
Section nb km nb km nb km nb km nb km nb km nb km nb km nb km nb km  fnb|  km
Windsor-Toronto | O o] O 60fF 0O 1988] © 105 © 224] o 11881 O og] o 60] ¢ 00} 4 1.5] 4 317
Toronto-Ottawa 1] 1460] © 00} O 001 o 001 O 00] © 00] O 00f 1 10f O 0o 1 30f o] 00
Ottawa-Montresl 0 308f © ool o 00} 0O ool o 00f O 0ot 0 0ol o 00} O 00f & 18] 0] 00
Montreal-Guebec O 11563] 0O 2531 O 191 © g8l o0 5401 0 1122] 0 00y O 00§ o 00§ 0 goy 0] 00
Totell O 556.if © a13f O 21779 0O 203 0 /4] 0 231 © 0f 1 iol © of 1 64 4 kI
Waste Managemeni Silea Motes : {e} MNumberof cressings only. All watercourse crassings in Monlreal-Quebec seclion are considered as waim water.
Exdsting Candidaie ¢} Length only,
Sites Sites {o) Not calcutated for Toronto-Moniresl section,
Saclion okl km nk km
Windsor-Toronlo | © 0.0 @ 0.0
Totonto-Dttawa | 0 00 8 0.0
Ditawe-Montreal 1 0 901 o 2.0
Monlreal-Quebec § O a0 o 2.0
oiall 0 [N .0




TECHNOLOGY : Over 300 Km/h on New ROW

TABLE 6.2¢c

ENVIRONMENTAL OVERVIEW (BY SECTION)

a
4
7
1
2

HONGS D10 W

_ Provincially Significant Fealures " Ecological Reserves/Wildiile Areas '}~ significant Fisherias/Aquatic Habitat )
Wellands ANSI's ESA's Watarfowl Dear Yards Nalure . Cold/Cool Warm Migratery | Spawning/
{Class 1-3) Staging Resarvas/ Water Water Nursery
I . __|& Reproduction | MgmtAreas { (& { (@} F Aweass
. Section fnb| km nb]| km nb km nb km nb km nb km nb| km [nb km nb km nb km
Windsor-Teronte | 2 43 4 3.4] 12 90] 2 42] 2 38 1 53] 16| 00249 00} 8 00] 11 05
ToronoOtawa | 10| 233] 1| 02| 5|~ "a93] of ool of o] a[" ‘eao| sl ool ) ool of  eof af oo
_Ottewa-Montreal |t/ =~ 08} 0] - 007 0 ooy of 99 0O 001 © oo of eof 3 oof of oof o o0
| Monlreal-Guebec § 0] 00 & 00§ O oa] of 00f] 0 gof o ool o  oefis] o00) of 2 00f 6 13
_ Tolal] 13} 284] 5 as| 17 583] 2 42] 2 38] 4 653F 21|  0.0]414 0.0f 8 o) 71 18
i ) ISig. Forests | Floodplain/Geolech. Hazards |~ Major Parks/Historic siles ] MajorTourism Areas _ [Uiben Perim.  §  Auwral Communities
{Woodlots) Wetand Araas of Provincial National Historic Sites/ | Recrestion Conservation New/Exist. ROW] 500m Prox. to | 250m Prox. lo
Areas Erosion Historic Areas Areas Areas quited In Set-]  Exisl. Urban | Residences in
- N 1 L N I _ Peoment Aroas Perimeter Non-Uiban
___Section  Fnb| km ab km nb km nb km nb km nb km nb | km nb km nb km_ |nb|{ km |[nb km
windsorToronto | 0| oo 2|~ 17)"s| e8| of ~ oof of oo of ool 6 ~_sol s _ag 1] 1ol 7| 140l 3t} 47
_Towonlo-Otlawa § 5 8501 © 001 © ooz of 001 0 0o} o ool of oo} 2 o7f 4 8 2f 6115 8
| Ottawa-Montreal | 0f 00§ O} oo 4 413 2 34} © 0.of 2 05| o 00| o o] 2 13 1 o0s] 2 1
MantrealQuebec | 0} 00§ 7 a.1] 10 27} © 0o0] © 00} © 00] o 0o o 00] 7 78] 13 86l 7 4.
Tots| 5| e50] o 98] 22 ese] 2 34| o o] 2 05] & 50] 7 as| 24 188]' 23 295| ss 61.
T Agiicuture Federal Resarves Major Natural Resouice Areas
IClass 1-2 Soils Specialty Artificial Orientation to Military Indian Harvestable Aggregate QillGas
Crops Drainege Lot Lines (b} (¢ Base Resaive Woodlots Resource Pools
Y {b) Systems (b} TR ] L2 L3 - {d} . Argas |
__ Section  fnb km | nb km ab | . km nb km nb km nb km nb km nb km_ Jnb} km nb km nb km
- Windsor-Toronto | 0 3425] © 96§ O 2084)] O 460) 0O . 897] O 24291 | 60} O 00] © 00§ 2| 05 7 6.
TorontoOttawa | 0]  1438] © 00] o 00 o 00} © oo o 0o] o 0o} o ool o 0ol 2 ao]l of 0
Ottawa-Montreal | 0 578) O 00] © 00} © 00 © 00p 0 00] O 0oy 0O 00§ 0O 00| O a.
MontrealQuebec § 0}  769) 0 1871 0 78] 0 149] o 89.7f o 827f 0O a0] ¢ 00 0O 00] © 0.
ot 0O 62161 0 283 0 259] 0 608f © i794] © 3%e6] 1 0] © of o of 4 )
Wasle Managemeni Sias Motes ; {a) Numberof crossings only. Al walercourse crossings in Monlreal-Guabec seclion are considersd as warm waler.
Existing Candidate {b} Length only.
Sites Sites e} Nolcalculatad for Toeronio-Montreal secton.
{d) includes potential Intemationst slrpont lands Pickering).
Section nb m k. am
Windscs-fotonto 1 D DoE 9 1.1
Toronte-Dtlawe | O 06l 6 2.4
Ottawe-Monireal | 0 00f 0 2.0
Mopteal Clysbac | 0 X 20
Tolal B afl 3 7.3




TABLE 6.3

SUMMARY OF ENVIRONMENTAL FEATURES AFFECTED (BY INDICAYOR/TECHNOLOGY)

- " Provinclally Significant Feaiuies | Ecological RaservesWikdiie Aroas T Signficant Fisherios/Aqualic Habilat
Wetlands ANSI's ESA's Waledowl Deer Yards Nature Cold/Cool Warm Migratory | Spawning/
(Class 1-3) Staging Roserves/ Water Water Nursery
o N i _l&_ﬂe roduclion MgmtAreas | | . _ I Meas
oo bl dkm Jeb| km_ Frb| km fnbf km _Jebf km Jab| km fnb] km fnbi km Jab [ km Jnb} km
200250 Existing | 17|  418f 7 55| 13 208] 71  250] o oo 6 soof .8]  oofase| oo} 10| oof 6/ 13
Over 300 Existing: _1§ 326] 6 _____5_.3 18 934} 7| 2548] O 0.0 _7_ 70.0 _7 - oo *3%77779.9 71‘! 0o ___! ) 21
Over 300New | 13 284] 5 as| 17 s3] 2f 42 2 asf 4 653] 21|  oofaa] 00| 8  o0o0] 7 18
ISig. Forests | Floadplain/Geotech. Hazards | Major Parksfistoric sites 7 Major Tourism Areas  JUrbanPerim. | Aural Commumities
(Woodiots) Wetland Araas of Provincial National Historic Sites/ Recreation Conservation JNew/Exist, ROW | 500m Prox. to | 250m Prox. to
Areas Erasion Historic Areas Areas Areas quired in Set-§  Exlsl. Urban | Residences in
o I _ flement Areas Perimeter | Non-Urban
e km nb km km nb km ni km nb|  km nb km nb km nb kmm  Inb| km
200-250 Exisling 0.2 13 82.0 48 0 00] O 0o0] 5 i18] & 14.5) 37 51.3] 18] 26851 75 780
Over 300 Exislin#g’r . §7.3] 19 89.2 ﬂj 0 00 O 00] 6 A 7 14.7] 36 5071 18] 2251 77 723
_ Over 300 New s8] 22 65.6 34] o 00| 2| 05] 6] 50| 7 35| 24 18.8] 23 29.5] 55 61.2
B Agriculture Federal Rassivas Major Notural Resource Areas
[Class 1-2 Solls Speciaity Artificial Oyrientation to Military Indian Harvestable Aggregele OilfGas
Cropa Drginage Lot Lines Base Reseive Waodlots Resource Pools
o Systems (IR L2 U3 Areas o
nb km nb km nb km nb | km ab ken nb km nb km nb ¥m nb km nb km nb|l km
200250 Bxsting | - | 5598 - 295] - enz| - | a212] - 708 - 1816] ¢ 00] 2 15| ¢ 0of 3 13 3| 715
Over 300 Pdsting§ - | 536.1§ - N3 - 21798 - 203§ - 76.4; - 2311 0 et 1 108 O 0.0i " 647 4] 37
Ovar 300 New - 621.0] - 28.3] - 2259} - £0.9] - 17941 - 3256] 1 60] 0 00f O 0.01 4  asp 7 69
| Waste Management Siles
Exdsling Candidale
Sites Shtes
nh km nb km
200250 Exlsting | © 5ol © 86
Crvar 300 Exising LY 00y o 8.0
Trvee 300 New ] 801 1 1.1




TABLE 6.4

SUMMARY OF ENVIRONMENTAL FEATURES AFFECTED (BY FACTOR/TECHNOLOGY)

200-256 km/h.

Over 300 km/h

Over 300 kmibh

_ On Existing ROW On Existing ROW On New ROW
NATURAL ENVIRONMENT : .
-« Provincially Significant Features o | 37 39 38
: km | 68.2 131.2 0.3
- Ecological Reserves/Wildifls Areas nb =13 14 8
km | 105.0 §5.0 7a.3
- Significant Fisheries/Aquatic Habitat b 354 385 450
km - - =
- Significant Forests nb 3 8 &
km | 60.0 120.0 88.0
i
- Floodplain/Geotschnical Hazards no 18 27 31
km | 922 96.5 78.4
SOCIAL ENVIRONMENT
- Major Parks/Historic Sites nb | 3 2 4
km | 4.8 0.5 3.8
1
- Major Tourism Areas ne | 10 13 13
: ken 26.3 27.8 8.5
|
[~ Urban Perimeters nb 37 36 24
| km 51.3 50.7 18.8
|- Aurai Communities nb 54 a5 7e
r km 104.5 94.8 90.7
| .
re Agricuiture o) z - N
; km 790.5 - 845.3 875.2
. ,
i~ Federal Reserves nb 2 1 L
km 1.5 1.0 8.0
. Major Natural Resource Areas np | 6 15 1
km | 8.8 38.1 10.4
H |
- Waste Management Sites nb | 0 0 1
km | 0 0. 1.4




A general characteristic of the new over 300 km/h route is its location further up the
watercourses terminating at Lake Erie, Lake Ontario and the St. Lawrence River (in many
sections the three routes generaily cross the same north-south drainage regimesi.
Consequently, the potential exists to encounter not only an additional number of watercourse
crossings, but an additional number with fisheries sensitivities {i.e. cold/cool water streams).

In Québec, none of the crossings are considered cold/cool water since none are on the Canadian
Shield. However, it should be noted that the routes along the North Shore of both the St.
Lawrence and Ottawa Rivers are situated relatively close to the Shield where they originate and
are considered cold water streams. Further, several of the rivers crossed are known 1o support
cold water fish species.

The watercourses cioser to the watershed terminus tend to be wider and affected by existing
rail and major road corridors and can be bridged. On crossings nearer to the headwaters,
bridges must be considered in some cases, where culverts have historically proved
hydrologically/hydraulically appropriate, based on federal Fisheries Act policy imperatives and
the need to maintain wildiife corridors. This consideration may introduce cost and institutional
{approval) premiums, particuiarly if habitat compensation becomes an issue.

In Ontario, the relatively recent (July 1992) Wetlands Policy Statement may constitute another
institutional barrier, particularly as it relates to potential impacts to provincially significant areas
{Class 1-3 wetlands). These areas tend to be larger, complex and associated with the Lake
Ontario Shoreline (e.g. Rouge River Marsh, Second Marsh) and the Rideau Lakes System.
Potential impacts to such areas appear to be most extensive with the existing rail corridors as
a result of their proximity to the Lakeshore corridor.

In Québec, significant wetlands, in addition to their important ecological functions, are
considered a critical element with respect to geotechnical hazards and together with areas of
erasion constitute a consideration in favour of using the existing rail corridors.

An additional geotechnical consideration invoives the potential for encountering contaminated
soils, The representative corridor options include a range of property acquisition scenarios,
including some existing railway rights-of-way, as weill as new rights-of-way either adjacentto
or remote from existing rights-of-way (greenfield}). These strategies include an inherent risk
related to the potential legal liabilities associated with the acquisition of properties that may be
contaminated or be a source of contamination. This liability is a concern given the financial
implications attached to the cost of :

1) Environmental audits.and risk assessments undertaken to ensure informed decisions on
property conditions and possible clean-up (decommissioning) costs (the responsibility for
which may be subject to contractual negotiations);



2) The actual cost for mitigation (decommissioning/clean-up/rehabilitation,) which can
affect market value (costs), proposed site activities and total project cost.

6.3 SOCIAL ENVIRONMENT

The routes are relativeiy similar with respect to the number of potential encroachments on
identified major parks, historic sites and tourism areas. However, the over 300 km/h
technology on a new right-of-way reflects the opportunity to reduce the length of area affected,
particularly with respect to designated conservation areas. More intensive work is required
with respect to potential impacts to registered archaeoiogical sites.

The new over 300 km/h route exhibits some distinct advantages with respect to reducing
potential impacts to urban settiements not being directly served by the route (approximately
33% fewer areas and 64 % less length affected than the technologies in existing corridors).
These benefits appear to be most pronounced in the Lakeshore corridor between Cshawa and
Kingston. -Similar benefits are apparent with respect the number of undefined settlemant
clusters affecte_d, although lengths of area affected are reiatively similar.

Agricuitural .constraints will be related to two major institutional barriers - the Foodland
Preservation Policy Statement in Ontario and provincially zoned agricuitural iands in Québesc.
Primary considerations in these regards are the amount of prime (Class 1 and 2} agricultural
fand taken out of production, impacts to specialty crops or lands with potential to support such
crops and artificial drainage systems, which have been considered as an indicator of impact to
areas where capital investment may be higher than others. Impacts to speciaity crops and
artificial drainage systems are similar for all technology options.

However, there appear to be distinct differences in the two key geographical segments -
Windsor to west of the Greater Toronto Area (GTA) and Montréal to Québec - with respect to
impacts to prime agricultural land. Between Windsor and the GTA, the use of existing corridors
(including complete acquisition of 122 km of right-of-way from CP Rail} represents the best
option for minimizing agricultural impacts, while the new over 300 km/h route wouid involve
impacts to significantly more prime agricultural land and the creation of approximately 240 km
of awkward severances. Conversely, the new route in the Montréal-Cluébec segment {being
furthest north and closest to the Canadian Shield) affects the least amount of prime agricultural
soils and creates the fewest awkward severances.

The oniy other potential impact of note {(and one which distinguishes the over 300 km/h route
on existing right-of-way from the others) is the degree to which oil and gas pools are affected
in Southwestern Ontario. Further studies are required to determine details related to current
and forecast productivity of these areas.



Noise was not considered a determinant factor in the selection of the representative
technoiogies. Rather, it was incorporated as a nuisance or proximity effect which couid be
considered in conjunction with various indicators (particularly intrusion on urban perimeters and
proximity to built up areas and rural clusters) relative to mitigation opportunities.

Study research indicated that passby noise {1-hour equivalent} for a TGV train operating at 300
km/h ranges from 60 dBA at 75 m offset to 65 dBA at 25 m. The X2000 operating at 240
km/h wouid generate noise levels ranging from 58 dBA. to 63 dBA for similar offset distances.
These should be considered as maximum {top speed) levels and probably only applicable for the
new right-of-way option. A more realistic scenario for existing corridors would involve the
imposition of a 150 km/h slow order where residential buildings are located within 28 m of the
track centreline and where noise mitigation measures are not used (i.e. railway companies may
be hesitant to introduce precedent setting noise attenuation measures in their existing
corridors). However, since most recent developments adjacent to railway property have been
restricted to 30 m from the right-of-way boundary and mitigating measures will be used, it has
been assumed that 220 km/h speed would be feasible for HSR service.

Assuming that noise cannot be further reduced at source through better design, the installation
of barriers or screens alongside the track is considered an effective noise control measure.
Generally, a 2 m high screen or berms close to the track will reduce the noise radiated by the
wheel-rail interaction and the other noise sources located below 2 m. Noise can aiso be
controlled by maintaining wheei and rail surface and minimizing track discontinuities.



7.0 COSTING METHODOLOGY/ASSUMPTIONS

7.1 METHODOLOGY

The capital cost estimate relating to the work covered'by preliminary routing assessmant has
been prepared in a very rigorous manner with the intent of leaving a clear audit trail. This
approach has led to an estimate frame work consisting of 3 major gecgraphical segments, 8
sub-systems, and 5 work sectors {cost categories).

The 3 geographical segments are:

. Windsor - Toronto
. Torento - Montréal
. Montréal - Québec

The sub-system classification has been used to refer to cleariy-defined physical elements of the
overalli project. The foliowing sub-systems have been identified for the work addressed by this
study:

. Right-of-Way Acquisition

. Earthwaorks and Drainage

) Bridges, Viaducts, and Tunnels
. Grade Separations

. Other Accommodation Works
. Track

. Electrification

. Stations

The term "sector” has been used to designate a type or category of expenditure within the
context of the project. This cost estimate has identified the following 5 work sectors:

. Professional Services/Project Management

. Equipment/Material

. Transportation/Distribution’

. Construction/instaliation

. Start-up™

The level of detall achs d by the A ing pr did mot aliow for the identification of trareporiation costs s8 separate cost iteme. Thees cowes Paee been

inciuded in the material or inetailetion costs.

Thess comts which must be incurred to make the aesats into a visbie trarsportat:on eystem (all within the scope of enother study.
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Each of the cost items and sub-items selected for deveioping the cost estimate is included at
its appropriate location within the sub-system/sector matrix used to present the cost estirnates.
The items were developed by the particular specialists invoived in doing quantity take-offs and
estimating unit costs for each of the sub-systems. This ensured that, overall, the items inciuded
all the elements of the work required when the project goes ahead, yet at the same time,
incorporates simplification where several elements can be grouped into a single larger cost item.

Quantities were estimated from the base mapping used in the study, the alignment and ground
- profiles developed for each of the route options, and from the track layouts required to support
the operating pian proposed by the operations consuitant. The unit costs are based on recent
work that has gone to construction, facilities designed and estimated by the consultant, and
enquiries made of suppliers.

7.2 ASSUMPTIONS

Any cost estimate is only valid for the particular conditions under which it was developad.
Where the conditions which will apply at the time of implementation are not or can not be
known, it is necessary to make assumptions. The basic assumptions relating to this cost
estimate are stated clearly in the following paragraphs.

i} The estimate is based oh brices valid in the 1% quarter of 1993 in Canadian
dollars. ’

i) No allowance has been made for escalation in prices over the period of project
implementation. '

iii The unit prices developed do not include any federal or provincial taxes, nor
import duties.

iv The estimate includes identified contingency amounts for physical contingencies,
both known and un-known. These contingencies have been estimated for each
sub-system/sector combination. They represent real costs and must not be
exciuded in performing the financial or economic anaiysis.

v The estimate assumes that all work - project management, design, construction -
will be contracted to outside parties.

vi No allowances have been inciuded for owner-related costs. These might typically

include the costs of maintaining an organization, financing charges, insurance
during construction, legal fees, etc.
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vii Although the estimate includes costs for commissioning the track and
electrification sub-systems, no costs are included for hiring and training the
operating staff required to run the system.

7.3 AREAS OF RISK

In addition to the basic assumptions discussed above, there are a further set of assumptions
that have been made in progressing this study. These establish criteria about the type and scope
of costs to be included in this estimate. These have such a large potential impact on costs that
an incorrect assumption would be equivalent to implementing a major change in the scope of

the project and the estimate could no longer be considered valid.

These assumptions which have the potential for leading to major scope variations in the project
are described in the paragraphs which follow.

Existing Rights-of-Way

The estimate assumes, based on preliminary discussions with the two national railways, that
the project will be able to use existing railway rights-of-way for the purpose of constructing
some segments of the line. Qutright acquisition of some line segments would require that a
settlement be negotiated that is acceptable to the railway and that the railway be abie to
negotiate a track sharing agreement for its traffic to move over the lines of the other national
carrier. Although there has recently been some movement towards track sharing by the
railways, it can not yet be considered a common practice.

Level Crossings

The assumptions regarding level crossings in the estimate are that they will be permitted at
speeds up to 200 kph, provided that the automated crossing protection used at crossings above
160 kph ‘incorporate safety measures additional to those currently in use in Canada. This
assumption is based on discussions that have taken place between the Technology Consultant
and Transport Canada. .

However, if troubles arise in coordinating the technology and regulations to meet the desired
safety objectives at a reasonable cost, the project could be faced with the cost of grade
separating the planned level crossings. Comparison of cost figures on sections of the 200 + and
300 + existing rights-of-way options indicate that the additional cost for completely grade
separating the 200+ option could be in the order of $800 million over the length of the project.

Although there is a relatively low risk that a level crossing solution will not be found, the fact

that there is a potentially high cost penaity requires that this item be identified as a potential
scope variation to the project as estimated.



Urban Zones

The urban zones of the project represent the most volatile areas in terms of costs,
speeds/running time, and noise mitigation. The quantities and costs for these areas have been
deveioped on the basis of trying to obtain the shortest possible travei time for each of the
technologies in order to maximize revenues. As such, feasible technical solutions have been
appiied at all locations to obtain the best running times possible.

Therefore, this cost estimate represents one of a muititude of possible solutions in the urban
areas. Further investigation in the process of project development may indicate requirements
for noise-based speed restrictions {which could obviate the need for some infrastructure costs
which permitted that speed) or areas where the cost sensitivity to running time is much larger
than revenue sensitivity. There are very strong probabilities that the final optimized solution
could be other than that presented in this report. These variations couid represent major
changes to the infrastructure to be constructed in urban areas and have not been addressed by
this estimate.

Contaminated Soils

Railway lands have the potential to contain soils contaminated as a resuit of conditions
associated with their historical use. Although this contamination is usually associated with yard
sites, it might have also occurred along the rail lines as well. In view of this condition, the cost
estimate has included an item for performing an audit of railway lands that are assumed to be
included in the project. However, no specific costs have been inciuded to perform a clean-up
at contaminated sites.

It is also understood that new regulations in Ontario may require that the disposal of excess
excavation along the length of new rights-of-way be treated as a "managed waste matarial”.
Preliminary indications are that this couid increase disposal costs tweive-fold - to the point that
material disposal costs would be equal to almost half of all other costs in the Earthworks Sub-
system. Again, no extra costs have been included above those for traditional disposal of dirt
unsuitable for fills.

This approach has been used for the following reasons:

. a clear consensus on the probability of finding a contaminated site is not
available;

. the potential cost for cleaning up a site is highly variabie, depending on
contaminants and quantities and therefore very difficult to estimate, and

» the potential liability associated with owning such a site may frustrate
negotiations for the transfer of land ownership and require an alternative location
be used.



On the other hand, the occurrence of contaminated soils could impose costs in the millions of
dollars if they must be treated, and as such, must be considered as a potential risk. it should
be noted that the potential for encountering such conditions is, of course, greater on the
alignments maximizing use of existing rights-of-way.
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8.0 CAPITAL COST OF REPRESENTATIVE ROUTES

8.1 200 - 250 kph - EXISTING RIGHTS-OF-WAY

The total cost for 200 kph high speed rail infrastructure project covering 1,248 km from
Windsor to Québec City and using existing rights-of-way to the greatest extent possible is
estimated to be $6.864 billion. This resuits in an average cost of $5.50 million per kilometre.
A breakdown of this cost by sub-system is provided in the following Table.

CAPITAL COST ESTIMATE
200 - 250 kph - Existing Rights-of-Way
Breakdown by Sub-system

‘ Cost
Sub-system {$ millions} - %
Right-of-Way Acquisition 583 g
Earthworks and Drainage 1,699 23
Bridges, Viaducts, and Tunnels 1,117 16
Grade Separations 1,121 16
Other Accommodation Works 110 ' 2
Track 1,097 16
Electrification 975 14
Stations . 253 -4
Total 6,864 100

It must be noted that although the geometry of the alignment for this option is suitable for the
operation of trains at up to 250 kph, the work covered by the above estimate does not allow
operation at that speed. This is due to the fact that this cost dees not provide an entirely grade-
separated RoW. The consultant estimates that to provide conditions acceptable for operation
at 250 kph wouid cost an additional $800 million dollars.

8.2 300+ km/hr - EXISTING RIGHTS-OF-WAY
The total cost for a 300 + kph high speed railway .project covering 1,211 km from Windsor to
Québec City and using existing rights-of-wdy is estimated to be $7.824 billion. This results in

an average cost of $6.46 million per kilometre. A breakdown of this cost by sub-system is
provided in the following Tabie.

8-1



CAPITAL COST ESTIMATE
Over 300+ km/hr - Existing Rights-of-Way
Breakdown by Sub-system

Sub-system Cost
' - {$ miilions) %
Right-of-Way Acquisition '
Barthworks and Drainage 659 8
Bridges, Viaducts, and Tunneis 1,718 21
Grade Separations 1.273 17
Other Accommodation Works 1,874 24
Track 123 2
Electrification 1,119 14
Stations 940 12
Total 168 2
8.076 100

As noted previously, the geometry of the alignment for this option is suitable for the operation
of trains at up to 350 km/hr. In order to operate at that speed some minor additional
expenditure may be required. This would primarily be for noise mitigation measures in arsas
where the higher noise levels associated with higher speeds exceeded threshold levels.
However, it is also possible that, with technological advances, noise levels of subsequent
generations of roiling stock couid decrease.

A breakdown of the costs by geographical segment is provided in the following table. Generally,
the costs for each segment are in proportion to the length of the segment, with the Montréal-
Quebec segment falling slightly below the average cost.

it shouid aiso be noted that, as the Toronto-Montréal and Montréai-Québec segments of the
300 km/hr options use the identical alignment between Central Station and St. Martin Jct., the
costs presented here for the later segi*nent only cover the territory betweean St. Martin Jct. and
Québec City. The line between Central Station and St. Martin Jct. is assumed to have been
constructed as part of the Toronto-Montréal segment. This shared portion of line is 16.2 km
long and costs $266 million. It includes a 2.6 km long tunnel costing $130 million.



CAPITAL COST ESTIMATE
Over 300 kph - Existing Rights-of-Way
Geographic Breakdown

Length Cost - % of % of
Segment {km)  ($ millions) Cost Length
Windsor - Toronto - 365 2,472 31 30
Toronto - Montreal 591 4,112 51 49
Montréal - Québec 255 1,492 18 21
Total 1.211 8,076 100 100

The value of the infrastructure constructed in each province for this over 300 kpih high speed
rail project, using existing rights-of-way, has been evaluated as follows:

- $2.191 billion or 27% of the total cost of $8.076 billion covers the cost of
infrastructure constructed in the Province of Québec and
T the balance of $5.885 billion required for the infrastructure in the Province of
Ontario represents 73% of the total cost.

8.3 over 300 kph - NEW RIGHTS-OF-WAY

The total cost for over 300 kph high speed rail infrastructure project covering 1,245 km from
Windsor to Québec City and using new rights-of-way, to the greatest extent possible, is
estimated to be $9.494 billion. This results in an average cost of $7.62 million per kilometre.
A breakdown of this cost by sub-system is provided in the following Table. '

CAPITAL COST ESTIMATE
Over 300 kph - New Rights-of-Way
Breakdown by Sub-system

, Cost
Sub-system {$ miilions) ’ %
Right-of-Way Acquisition 380 4
Earthworks and Drainage 2,018 21
Bridges, Viaducts, and Tunneis 2,688 28
Grade Separations 1,892 21
Other Accommodation Works 154 2
Track ‘ 1,155 12
Electrification 926 10
Stations 180 2
Total 9,494 100
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As noted previously, the geometry of the alignment for this option is suitable for the operation
of trains at up to 350 km/hr. Again, in order to operate at that speed some minor additional
expenditure may be required, as noted in Section 8.2.

A breakdown of the costs by geographical segment is provided in the following table. The costs
for the Toronto-Montréal segment under this routing option are much higher than the
proportional length of the segment. This results form very heavy construction costs between
Ottawa and Montréal where the proposed alignment passes through the Laurentian foothills.

In addition, the same situation appiies here as for the 300 km/hr existing option between
Montréal and Québec. The costs oniy cover the line between St. Martin Jct. and Québec City,
the balance being assumed to have been constructed as part of the Toronto-Montréal segment.
Again, this shared portion of line is 16.2 km long and costs $266 milfion. it includes a 2.6 km
long tunnel costing $130 million.
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9.0 DEVELOPMENT OF COMPOSITE REPRESENTATIVE
ROUTES '

The findings of the comparative analysis of the three Representative Routes led to the decision
to carry out a further step in the deveiopment of High Speed Rail infrastructure costs. The
purpose of this additional step was to develop a single Composite Route for each of the two
technology families.

9.1 OBJECTIVES

The objectives in defining the Composite Routes, were the following:

o to assembie a route comprised of a combination of segments analyzed and costed for
the original Representative Routes;

o to determine locations along the segments used, where significant capital cost savings
could be achieved by accepting design speed restrictions which do not result in large
increases in trave! times;

. to include ségments which provide access to specific travel markets identified in the
Demand Forecasting studies (e.g. Pearson Airport);

. to minimize the overall cost of the route by using least-cost segments, unless
" implementation concerns suggest that an aiternative segment would be more realistic;

. to investigate whether a route making greater use of the existing CP Lachute
Subdivision between Ottawa/Hull and Mirabel Airport would be an acceptabie, lower
cost alternative to the high cost of this segment in the New ROW Representative Route;

9.2 DESCRIPTION OF THE COMPOSITE REPRESENTATIVE ROUTES

9.2.1 200-250 kph Technology

Between Windsor and London the existing right-of-way segment is adopted on the assumption
that present CP Rail service can be consolidated on the parallel Caso subdivision. In Windsor,
'a new suburban station would be constructed while in London it is assumed that a new station
. would be developed in the existing CP corridor in the downtown area. Immediately east of
London the route leaves the CP right-of-way to join the new right-of-way developed for the
"over 300 kph" scenario between London and Pearson Airport. This routing has been selscted
to provide access to the airport. Station locations assumed in the capital cost estimate are
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QUEBEC - ONTARIO HIGH SPEED RAIL STUDY March 7, 1898

Distribution of Right-of-way Type in Composite Routes

a) 200-250 kph Technoiogy
Segment ROW Type , Length
Windsor-London Existing {Acquisition) 38+84=122km

Existing {Shared) 24km

New 39km
Londaon-Toronto{lUnion) New 147km

Existing (Shared) 38km
Toronto-Ottawa Existing (Shared Corr.) 255.6+21.8+36.8 =314km

New 93.5km
Ottawa-Montreal Existing {Acquisition) 103km

. Existing (Shared) 49km

. New 26km
Montreal-Quebec - Existing (Shared) 25km

Existing {Acquisition) 1584km

New 93km
Totals of each type:

Existing {Acquisition} = 372km (31%) Existing (Shared) = 450km (37%) New = 39%m (32%}
Total tength = 1228km

b) Over 300 kph Technology
Segment ROW Type ) Length
Windsor-London Existing {Acquisition) 38+61=9%m

Existing (Shared) 14km

New 82km
London-Teronto{Union) New 147km

‘Existing (Shared] 38km
Toronto-Ottawa Existing (Shared Corr.) 103.5+59=162.5km

New 247km
Ottawa-Montreai Existing {Acquisition} 108km

Existing {Shared) _ 49km

New 41km
Montreai-Quebec ’ Existing {Shared) 25km

Existing {Acquisition) 113km

New 133km

Totals of each type:

Existing {Acquisition} = 317km (25%) Existing (Shared) = 288km (23%) New = 850km (BE2%)
Totai length = 1252km



Kitchener/Cambridge area, a cost reduction was achieved by accepting a surface alignment with
sharper curvature to eliminate the high-cost tunnellied section along the Highway 401 corridor.

From Pearson Airport to Oshawa, the route foliows existing CN right-of-way to Union Station
and along the lakeshore east of Toronto. Station stops would be provided at a modified Union
Station and at a new site in the Pickering area. Savings in representative route land costs for
this segment have been achieved by decreasing curvature and track spacing and accepting a
200 kph speed limit. From east of Oshawa to Napanee the route adopts the existing right-of-
way scenario. Between Napanee and Kingston, the new "over 300kph™ representative route
is joined and followed through to Smiths Falls where the existing right-of-way is again used
reach the present VIA station in Ottawa. This diversion from the 200-250 kph representative
route between Napanee and Smiths Falls offers a travel time saving at similar capital cost. A
new suburban station in Kingston and modifications to the existing Ottawa VIA station are
inciuded in this segment.

Between Ottawa and Montréal, the original 200-250 kph existing right-of-way routing through
Dorion and Dorval is adopted with station stops at Dorval, serving the airport and at Central
Station in downtown Montréal. From Central Station the composite route is again based on
the original existing right-of-way scenario for the segment between Montréal and Québec. New
stations are assumed at Laval, suburban Trois Riviéres and Ancienne-Lorette and in Québec, the
existing Gare du Palais would be modified. Further cost savings were achieved in this segment
by accepting the speed-restricting curves in the existing CN and CP rights-of-way through
Cartierville in Montréal, Laval and Allenby Junction in Québec in order to avoid the cost of new
tunnels assumed in the original representative route.

The overall composite representative route for the 200 - 250 kph technology is shown in
Exhibits 9.1 and 9.2. 31% of the route length is on existing right-of-way acquired outright,
37% shares either existing corridor or right-of-way and 32% is new right-of-way.

The distances between proposed stations on the ruote are as follows:

Windsor to London (Downtown) 175.3 km
London to Kitchener-Waterloo 92.2 km
Kitchener-Waterloo to Pearson Airport 68.4 km
Pearson Airport to Toronto (Union) 232.9 km
Toronto {(Union} to East Toronto 36.7 km
East Toronto to Kingston 220.6 km
Kingston to Ottawa-Hull 152.0 km
Ottawa-Hull to Dorval 155.6 km
Dorval to Montréal (Central) 21.0 km
Montréai (Central) to Laval o 18.2 km
Laval to Trois-Riviéres 126.0 km
Trois-Riviéres to Ancienne-Lorette 115.4 km
Ancienne Lorette to Québec : 13.2 km
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COMPOSITE REPRESENTATIVE ROUTE: 200-250 KPH TECHNOLOGY

LONDON - TORONTO ' \
e Cost: $1,645 million ‘ \

= ROW: New 300 kph

» Stations:
- Kitchener {sub.)
- Pearson Alrport

WINDSOR - LONDON - Taronto Union

* New ROW routing has highar
» ridership potential.

*» Cost: $742 million
ROW: Existing
+  Stations:

- Windsor {suburban)
- London (downtown)

. Use of ex. ROW assumes
consaolidation of CP
freight onto Caso.

I
Ca “ c
=z gl p
) KITCHERER ) o
) (2] -

i

o

TOR - OTTAWA/HULL

wagama  ° Cost: 82,124 million

FALLS

= ROW: Ex: (Tor-Kingston)
Neow: iKingston-S. Falls)
Ex: {5. Falls-Ottawa)

+  Station:
- East Toronte
- Hingsion {suburbanj
- Ottawa (VIAY

o Mew 300 kph BOW beiween
Hingston and 8. Falls offers
time saving for similar cosy.

Potential HEM Station Sites
Pearson international Alrport
EAHIBIT 81



COMPOSITE REPRESENTATIVE ROUTE: 200-250 KPH TECHNOLOGY

."

1%

MONTREAL - QUEQEC

s Cost: $1.230 million

o o SANADS
%8,

= ROW: Existing

>  Stations:
OTTAWA/HULL - MONTREAL - Laval

- Trois Riviéres

- Ancienns-Lorette
- Québac (G du P)

* Cost: $1,074 million

« ROW: Ex. (M&O) and

Kingston subdiv. »  Qutright acquisition of

ROW is a realistic

»  Stations: assumplion.

- Dorval
- Montrédal {Central)

= Boute offers link 10
Dorval Alrport.

. . ) = Ex. MED BOW is avaidlable.
Potential HSR Station Sites

Mirabal Alrport

EXMIBIT 2.2



9.2.2 Over 300 kph Technoiogy

For the segment between Windsor and London, this composite route is based on the existing
CP Rail right-of-way scenario which assumes that the present CP traffic is consolidated onto
the Caso subdivision, Although higher in cost than the "new right-of-way”™ option, it is
considered to be more representative of the cost of impiementing high speed rail in this area
because gaining acceptance of yet another transportation corridor between these cities is
expected to be extremely difficuit. New stations would be iocated in the suburbs of Windsor
and London. New bypasses of Chatham and London increass the Windsor to London route
length by 10 km over the 200-250 kph route: After bypassing London to the south, the routs
joins the "new right-of-way” option which is used between London and Pearson Airport. Once
again, the cost saving by eliminating the Kitchener/Cambridge tunnel has been included as well
as the new stations at Kitchener/Cambridge and Pearson Airport.

Between Pearson Airport and Oshawa, the éxisting CN right-of-way is adopted through Union
Station and along the lakeshore east of Toronto. Modification of Union Station and the
construction of a new station in the Pickering area are included in the infrastructure costs.
Continuing east from Oshawa, the "new right-of-way" scenario, with a link to the existing at
Cobourg, is used to reach Kingston where a suburban station is included. From Kingston the
route continues on new right-of-way up to Smiths Falls where the existing right-of-way
segment is adopted to access the Ottawa/Hull region.

For the Ottawa/Huil to Montréal segment, a variation of the new right-of-way option north of
the Ottawa River was seiected as the composite route. The variation to the origina
representative route achieved a major cost reduction by adopting a more southeriy alignment”
avoiding viaducts and tunnels through the hilly terrain and using the existing CP Lachuts
subdivision where practical. The selected route includes a new station at a downtown site in
the Ottawa/Hull area and provides a link to Mirabel Airport where a station would be located.

From the airport, the composite route continues into Central Station in downtown Montréal
using the existing CP and CN rights-of-way through Laval and the existing Mont Rovyal tunnel.
The cost saving by avoiding new tunnels in Laval and Cartierville is also included in this
segment. Between Montréal and Québec the existing CP right-of-way is adopted for this
segment_of the composite representative route. New suburban stations at Laval, Trois Rivieres
and Ancienne Lorette are assumed and a modified Gare du Palais station is included in Québec.
The cost reduction achieved by accepting sharper curvature to avoid the need for a tunnelf in
the Alienby junction area of Québec is also included in this route scenario.

The overall composite representative route for the over 300 kph technology is illustrated in
Exhibits 9.3 and 9.4. 25% of the route length is on existing right-of-way acquired outright,
23% shares sither existing corridor or right-of-way and 52% is new right-of-way.

Windsor to London (Suburban) 184.0 km
London to Kitchener-Waterloo 88.5 km
Kitchener-Waterloo to Pearson Airport 68.4 km
Pearson Airport to Toronto (Union) 2379 km
Taronto (Union) to East Toronto 36.7 km
East Toronto to Kingston 220.0 km
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COMPOSITE REPRESENTATIVE ROUTE: + 300 KPH TECHNOLOGY

LONDON.- TORONTO

* Cast: $1,645 million

WINDSOR - LONDON ~ * ROW: New

* Stations:
Kitchanar {sub.)
Pearson Airport

- Toronto Union

= Cost: $1,040 million
*

* ROW: Existing

* Stations: - .
Windsor (suburban) New ROW routing has higher
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EXHIBIT 9.3



COMPOSITE REPRESENTATIVE ROUTE:

OTTAWA/HULL - MONTREAL

North Shore Option

Cost:

$1,1568 million

ROW: Existing with New sections

Stations:
Mirabel Airport
Laval
Montréal {Central)

Composite ROW option cost is in

some range as S. Shore (12% higher)

&
W Mirabat Alrpory

Potantial HSR Station Sites

)

TTAWA/HULL - MONTREAL

South Shore Option

L

Cost: 51,028 miilion

ROW: Ex:  (Ott-Vk Hill)
New: (Vi Hill-Mir}

Ex:  {Mi-Mti}
Stations:
- Mirabel Alrport
taval

Montréal (Coentraly

Composiie ROW is lowest cost
option. Ouiright acguisition of

8 BOW is s roalistic assumption.

+300 KPH TECHNOLOGY

MONTREAL - QUEBEC

* Cost: $1.,307 million
+ ROW: Existing

=  Stations:
- lLaval
- Trols Riviéres {suburban}
- Ancienne-Lorette
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Kingston to Ottawa-Hull 152.4 km

Ottawa-Hull to Mirabel Airport 143.8 km
Mirabel Airport to Montréal {Central) 50.5 km
Montréai (Central} to Laval 18.2 km
Laval toc Trois-Riviéres 125.0 km
Trois-Riviéres to Ancienne-Lorette 115.3 km
Ancienne Lorette to Québec ' 13.3 km -
9.3 ENVIRONMENTAL IMPACTS

As noted earlier in this section, the Composite Routes are large

ly an assembly of segments

developed for the original Representative Routes, either on new or existing right-of-way.
Consequently, the environmental impact of the Composite Routes can be assessed by reviewing
the impact summaries for each of the segments utilized. The relevant summaries in Section &

are listed below for each route.

a) 200 - 250 kph Technology

b} Over 300 kph Technology

Segment ROW Type Environmental Impact. .
Summary Tabie
Windsor - London Existing 6.23
London - Toronto New + 300 kph 6.2¢c
Toronto - Ottawa Existing (Toronto - Kingston) B.2a
New + 300 kph (Kingston - S. Falls) 6.2¢
Existing (8. Falls - Ottawa) 6.2a
Ottawa - Montréal Exis-ting' {Dorval) B.2a
Montréal - Québec Existing B.2a
\MMW Lo
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Segment ROW Type Environmental impact
Summary Table
Windsor - London Existing 6.2b
London - Toronto New + 300 kph 6.2¢
Toronto - Ottawa New + 300 kph 6.2¢
Ottawa - Montréal Existing (Mirabel) 6.2b
Montréal - Québec Existing A 6.2b L



Ottawa to Montreal Segment Tabie 9.4.1
Comparison of Environmental Impact of Routes North and South of Ottawa River

Ottawa Ottaws
FACTORS INDICATORS 10 to
Momtreal bomiveal
South Shore North Shore
Na, Km No. Km
Pravincial Significant Features - Wetlands {Ciass 1-3) 2 5.0 0 Q.0
- ANSI's 2 1.7 s} 0.0
- ESA's 0 0.0 0 0.0
Ecoingical Reserves/Wildlife Areas - Waterfow! & Staging & Reproduction 5 18.7 Q 0.0
- Deer Yards o] C.0 O 0.¢
- Nature Reserves/Mgmt Areas 1 4.0 3 22.5
Significant Fisheries/Aquatic Habitat - - Cold/Cool Water (a} o] 0.0 G 0.0
- Warm water {a) 1 0.0 8 G.8
- Migratory ) G 0.0 Q 0.6
- Spawning/Nursery Areas 1 0.8 o) 0.0
Significant Forests "- (Woodiots) i 2.0 o 0.0
Fiopdpilain/Geotechnical. Mazards - Wetiand Areas 0 0.0 7 423‘1
- Areas of Erosion G 0.0 4 4.0
Major Parks/Historic sites - Provincial 1 0.2 2. 3.5
’ - National 0 Q.0 o] 0.0
- Historic Sites/Historic Areas -0 0.0 1 1.0
Major Tourism Areas - Recreation Areas ’ o 0.0 1 2.5
Conservation Areas 1 4.0 G 0.0
Urban Perimeter . New/Exist. ROW Required in 1 0.2 g 31.8
Settlement Areas
Rural Communitias - 500m Prox. to Exist. Urban Perimeter 1 0.6 1. 0.8
- 250m Prox. to Residencesin Non- 13 8.2 22 18.4
Urban
Agriculture - Ciass 1-2 Soils {a) ’ 0 30.8 Cl E4.1
Speciality Crops b} 4] Q.0 ] o0
- Artificial Drainage Systems (b} o) 0.0 o 0.0
QOrientation to Lot Lines {b) {c} - LL1 o] Q.0 o 0.0
’ - LL2 . 0 0.0 o .0
- LL3 0 0.0 G 0.0
Federal Reserves - Military Base 3] 0.0 o Q.0
- Indian Resarve o 0.0 ] .0
Major Natural Resource Areas - Harvestable Woodlots (v} 0.0 O 8.0
- Aggregate Resource Areas 6 1.9 ¢ 0.0
. Qil/Gas Pools o} 0.0 e] 0.0
Waste Management Sites . Existing Sites o} Q.0 o .0
- Candidate Sites o] 0.0 | ¢ 0.0



In addition to the above segments, an alternative route north of the Ottawa River between
Ottawa and Montréal has been included in the Composite Route costing. This route, passing
through Hull and following the CP Lachute right-of-way more closely, was also assessed for
environmental impact. Table 9.4.1 compares the potential impacts on this alternative route
with those anticipated for the original route south of the river to the proposed crossing at Pointa
Fortune. :

To complete the environmental overview of the Composite Routes, the environmental impacts
of the infrastructure or alignment changes to achieve capital cost savings, were assessed in
general terms. At most of the locations, the Idwer cost infrastructure will not worssn
environmental impacts. While a lesser impact is likely in some instances, a surface route
instead of a tunnel through the Highway 401 corridor between Kitchener and Cambridge will
require mitigation of impacts on sensitive natural features and residential or recreational land
use around Puslinch Lake. More details of the impacts at the locations where cost savings are
proposed are provided in Interim Report No. 4, prepared during the study.



10.0 CAPITAL COSTS OF COMPOSITE ROUTES

The capital costs presented for each route reflect only the infrastructure components inciuded
in the terms of reference for this study. Specific cost items estimated in other studias and
excluded from this study were signalling and communications, maintenance facilities {including
yard trackwork) and roiling stock.

10.1 200 - 250 kPH Technology

The total cost for 200 kph high speed rail infrastructure using 1,228 km of composite
alignment from Windsor to Quebec City is estimated to be $6.485 billion. This results in an
average cost of $5.28 million per kilometre. A breakdown of this cost by sub-system is
provided in the following Table.

CAPITAL COST ESTIMATE
200 kph - Composite Rights-of-Way
Breakdown by Sub-system

Cost
Sub-system . {$ millions) %
Right-of-Way Acquisition 467 7
Earthworks and Drainage . 1,654 26
Bridges. Viaducts, and Tunnels 678 11
Grade Separations 1,106 17
Other Accommodation Works 148 2
Track : 1,037 16
Electrification 920 14
Stations - _475 7
Total 6,485 100

It must be noted that although the geometry of the alignment for this option is suitable for the
operation of trains at up to 250 km/hr, the work covered by the above estimate does not allow
operation at that speed. This is due to the fact that this cost is based on the use of lavel
crossings with automatic protection where traffic volumes permit. It is estimated that to
provide, fully grade separated infrastructure acceptable for operation at 250 km/hr wouid save
approximately $100 million in crossing protection but add approximately $600 million for & net
increase of $500 million. If the decision to provide a completely grade separated ROW was
made after initial construction with level crossings it is estimated that the added cost would be
in the order of $600 million dollars. - '

A breakdown of the costs by geographical segment is provided in the following table. Generally,
the costs for each segment are in proportion to the length of the segment.
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CAPITAL COST ESTIMATE
200 kph - Compaosite Rights-of-Way
Geographic Breakdown

Length Cost % of % of

Segment: (km) ($ millions) Cost Length
Windsor - Toronto 340 1,626 25 28

. Toronto - Montreal 614 3,646 56 50
Montreal - Quebec 274 1,213 19 _ 22
Total 1.228 6,485 100 100

The value of the infrastructure constructed in each province for this 200 km/hr scenario, using
a composite alignment has been evaluated as follows:

- $1.939 billion or 30% of the total cost of $6.485 biilion covers the cost of
infrastructure constructed in the Province of Quebec and

- the balance of $4.546 billion required for the infrastructure in the Province of
Ontario represents 70% of the total cost.

It should be stressed that the foliowing three points must be kept in mind if comparisons
between capital costs for the 200 and 300 kph Composite Routes and the Representative
Routes developed in Interim Report No. 3 are made. First, the boundary between the Windsor -
Toronto and Toronto - Montréal geographic segments was shifted from just west of Union
Station, in the case of the Representative Routes, to just west of Pearson Airport for the
Composite Routes. Length-driven costs, as well as station costs, will thus differ between the
Representative and Composite routes for these two geographic segments. Secondly, the cost
of people movers has been added to the Composite Route stations serving airports { $230
miilion at Pearson and $100 miilion at Dorval). Finally, the cost reduction measures discussed
in Interim Report No. 4 have been applied to the Composite Routes.

10.2 Over 300 kph Technology

The total cost for over 300 kph high speed rail infrastructure using 1,240 km of composite
alignment from Windsor to Quebec City is estimated to be $7.212 billion. This resuits in an
average cost of $5.82 million per kilometre. The breakdown of this cost by sub-system is
provided in the following Table.

10-2



10.2 Over 300 kph Technoiogy

The total cost for over 300 kph high speed rail infrastructure using 1,240 km of composite
alignment from Windsor to Quebec City is estimated to be $7.219 billion. This resuits in an
average cost of $5.82 million per kilometre. The breakdown of this cost by sub-system is
provided in the following Table.

CAPITAL COST ESTIMATE
Over 300 kph - Composite Rights-of-Way
Breakdown by Sub—sysfcem

Cost
Sub-system ($ millions} %
Right-of-Way Acquisition 489 7
Earthworks and Drainage 1,891 26
Bridges, Viaducts, and Tunnels 714 10
Grade Separations 1.612 - 22
- Other Accommodation Works 160 z
Track 7,062 16
Eiectrification 902 13
Stations 388 5

Total 7.219 100

The overall corridor cost shown for over 300 kph technology includes the north shore (CP
Lachute) route between Ottawa and Montréal. Use of a south shore alternative between
Ottawa and Pointe Fortune (former CP M & O} would reduce the overall cost by $146 million
to $7,077 million.

As noted previously, the geometry of the alignment for this option is suitable for the operation
of trains at up to 350 km/br. in order to operate at that speed some minor additional
expenditure may be required. This would primarily be for noise mitigation measures in areas
where the higher noise levels associated with higher speeds exceeded threshold levels.
However, it is also possible that, with technological advances, noise levels of subseguent
generations of rolling stock could decrease.

A breakdown of the costs by geographical segment is provided in the following table. Generally,
the costs for each segment are in proportion to the length of the segment, with the Montreal-
Quebec segment falling slightly below the average cost.

It should also be noted that, as the Toronto-Montréal and Montréal-Québec segments of the
300 km/hr options use the identical alignment between Central Station and St. Martin Jct., the
costs presented here for the latter segment only cover the territory between St. Martin Jet. and
Québec City. The line between Central Station and St. Martin Jct. is assumed to have bean
constructed as part of the Toronto-Montréal segment. This shared portion of line is 16.2 km

L]
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long and costs $105 million. This is $161 million less than the cost of this portion of the 300
kph New ROW representative route due to the cost reduction measures having been included.

CAPITAL COST ESTIMATE
over 300 kph - Composite Rights-of-Way
Geographic Breakdown

Length Cost % of % of
Segment {km) {$ millions) Cost Length
Windsor - Toronto 350 1,879 26 28
Toronto - Montreal 634 4,094 57 g1
Montreai - Quebec 256 1.246 iz 21
Total 1.235 7,219 100 100

The vaiue of the infrastructure constructed in each province for the over 300 kph technology,
using a composite alignment, is distributed as follows:

- $2.311 billion or 32% of the total cost of $7.219 billion covers the cost of
infrastructure constructed in the Province of Quebec and

- the balance of $4.908 billion required for the infrastructure in the Province of
Ontario represents 68% of the total cost.

10.2.1 Alternative Route between Ottawa and Montreal

The cost of an alternative, totally south shore route was also estimated. This route extended
from Ottawa (VIA station) to Dorion with a by-pass of Mudson and entered Montréal through
Dorval on the existing CN right-of-way. For this alternative, the $4,094 million cost of the
Toronto {Pearson)-Montréal segment (northshore) increases to $4,141 million, with the cost
of a people mover at Pearson included in both options and an additional people mover assumed
at Dorval in the south shore alternative. ‘

Also, it should be noted that the use of a totally south shore route would reguire an additional

$105 million for construction of the Central Station to St. Martin Jct. segment when HSR
service is introduced between Montréal and Québec.

10.3 ROUTE COMPARISONS

This section provides a comparison of the infrastructure characteristics and consequent
estimated costs for the two composite route scenarios studied.
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10.3.1 Comparison of Overall Corridor Costs

The overall corridor costs, with the proportions of primary components, are shown in Exhibit
10.1 The over 300 kph composite alignment scenario carries an overall cost approximately
$730 miliion higher than the up to 200 kph compasite scenario. This cost difference would
be reduced to approximately $230 miilion for operations over 200 kph on the 200-250 kph
Composite Route. A review of the contribution of each subsystem to the overall totals shows
that bridges, viaducts and tunneis and other accommodation works, as well as land, track and
electrification are generally equal for both scenarios. The major differences lie in the costs
estimated for road crossings, and to a iesser extent stations. These differences are discussed
further in section 10.3.2. ‘

10.3.2 Comparison of Infrastructure Costs by Sub-system

The overall corridor costs for each of the primary subsystems are compared graphically in
Exhibit 10.2

Major subsystem cost differences highlighted by this chart are:

® the $500 million lower cost for road crossings if at-gracie crossings are permitted
on subsegments using existing rights-of-way and speed is restricted to 200 kph
in the 200 - 250 kph technology scenario;

] the $240 million additional cost for earthworks and drainage in the over 300 kph
technology scenario due principally to the greater use of new alignment, and a
corresponding increase in the quantity of borrow material for new embankments;

. the $100 million additional cost for a people mover at the Dorval Airport Station,
which only appears in the 200 - 250 kph technoliogy route.

The length-dependent costs for track and electrification are almost equal since overall route-
length differences are very small.

10.3.3 Comparison of Subsystem Costs by Major Segment

Exhibits 10.3 to 10.8 illustrate the comparative subsystem costs for the two technology
scenarios in each of the three major corridor segments i.e. Windsor to Toronto, Toronto to
Montréal and Montréal to Québec.

In the Windsor-Toronto segment (Exhibits 10.3 and 10.4) the most evident difference is the
$140 million saved by permitting at-grade crossings in the "up to 200 kph" scenario. Land and
earthworks costs for the over 300 composite alignment are higher because of the greater length
of new lines built ocutside of existing rights-of-way.

Comparing corridor scenarios in the Toronto-Montréal segment (Exhibits 10.5 and 10.6} reveals

similar differences between the component costs for the two composite routes. A greater use
of new alignment, and the corresponding need for new embankment is reflected in the greater
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costs for earthworks and drainage for the over 300 composite route. The increase in station
costs for the 200 - 250 kph composite route due to Dorval Station has aiready been mentioned.
The higher cost of fully grade separated rights-of-way is again evident in this segment

In the Montréal-Québec segment, Exhibit 10.7 and 10.8, the costs for the over 300 kph
distance-dependent subsystems appear lower because costs for the 17 km portion of right-of-
way from Central Station to Laval are assumed to have been incurred in implementing the
Toronto-Montréal segment which uses the same route. The cost of Laval Station is aiso
exciuded from the over 300 kph scenarios for the same reason. Again, the additional cost for
fully grade separated rights-of-way is in the $170-190 million range.

10.4 CONSTRUCTION SCHEDULES

Potential construction schedules for the high speed rail infrastructure were developed to provide
a cash flow for financial analysis. These schedules resulted from discussions amongst members
of the consultant’s team familiar with the construction of large transportation projects in
Canada and with construction of two of the TGV projects in France (including the TGV-Nord
inaugurated in May, 1993). The activities presented reiate to the major phases of project
implementation - design, construction, commissioning - and show the durations of the critical
components within each.

Other activities required in an overall project implementation schedule have not been
considered, as they are not part of the route selection mandate. These include signalling, rolling
stock, shops and buildings, regulatory aspects, training and commissioning, start-up, and
financing. in general, it should be possibie to carry out these activities without affecting the
schedules presented.

10.4.1 Toronto - Montréal Segment

Exhibit 10.9 presents the projected implementation schedule for the Toronto - Montréal
segment of the project. Although this segment has been treated as a whole throughout the
current study, the study followed the lead of a previous project in developing a two-step
implementation plan. It has thus been presumed that the Montréal - Ottawa portion of the line
would be constructed first. Being approximately 185 km apart, these two cities are the closest
of the major ridership generating centres. An early compietion of this segment could provide
a demonstration for the technology and the quickest means of generating revenue. A
discussion of the 8 primary activities and the assumptions inherent in their timing follows:

Preliminary Design/Environmental Assessment

The preliminary design phase of the project has been divided into two parts to reflect the work
that would be needed to prepare for and support the environmental assessment and,
afterwards, to complete the preliminary design work based on the resulting environmental
recommendations. The time required for environmental review assumes that a commaon process
can be established amongst the three governments involved.
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Proposed H5R Implementation Schedule : Montréal - Ottawa (M-0), antd Ottawa - Toronto (O-T)

Year 1 Year2 | Year3d Year4 Year § Year8 | Year? Year8 | vYears | Ye

ID__|Name ‘ Duration _[at1]Q2(a3ja4|at|azjasia4|ar]aziasladlat]aziasa4at]azlas|a4iaijaz{asle|ar]aziasladlatiaasledat]azlasladasfaz
1 |Prelim. Design - Ph.1/M-O 78w IR '

2 |Environmental Assess. /M-O 78w

3 |Prelim. Design - Ph.2/M-O 78w

4 |Delailed Design /M-O © 104w

5 [ROW Acquisition/ M-O 156w

6 | Tenders- Civil Engi. fM-C 65w

7 | Construction - Major Works 156w

8 |General Construc;tion M-O 143w

9 iFixed Railway Plant /M-O 78w

10 [Testing / M-O 52w

11| Stations /M-O 104w |

12 | Service Start-up / M-O 02w l

13 ' I
14 | Preliminary Design - Ph.1 /O- 78w :
15 |Environmental Assess. /0T 104w

16 jPreliminary Design - Ph.2 /O- 78w

17 {Detailed Design / O-T 130w

18 |ROW Acquisition /O-T 156w

19 | Tenders for Civil Engineering 9iw
20 | General Construction /O-T 156w
21 ¥ixed Railway Plant /O-T 104w
22 |Tesling /O-T 52w

23 |{Stations /O-T 104w

24 | Passenger Service Stari-up G.2w

Project HSR Allgnmend Selection Critical Progress & Summary 9
Date: 84/3/14 Nonoriticat Milesione @ Rofles Up &

Page 1




substantial portions of the track are compieted. This work requires 5-6 months bevond the
completion of the trackwork to finish.

The schedule shown ailows 18 months for installing railway plant between Montréal and
Ottawa and 24 months from Ottawa to Toronto. Due to the assumption that equipment used
to construct one line segment will move on to the next, the two periods should not overlap.
Once ali of the railway piant has been installed, the system requires a period for testing of the
whole and commissioning before it enters into revenue service.

Stations

It is expected that construction of new or modification of existing stations would take in the
" order of 2 years. Due to the much longer lead times required for construction of the roadbed
and railway plant, stations do not fall on the critical path and are presented as being completed
before the start of commercial operations. Construction of the proposed people movers at
Pearson and Dorval would require longer lead times, but could be scheduled without influencing
the critical path.

10.4.2 Windsor - Toronto Segment

The Windsor - Toronto segment of the line is about 365 km long. This distance is slightly
shorter than the approximately 400 km required to build the line between Toronto and Ottawa.
Therefore, the Toronto - Ottawa construction schedule has been used as the basis for Windsor -
Toronto. Exhibit 10.10 presents a 9-year implementation schedule for the Windsor -Toronto
segment of the line.

10.4.3 Montréal - Québec Segment

Between Montréal and Québec the line is 270 km long. This distance falls between the 185 km
between Montréal and Ottawa and the 400 km between Qttawa and Toronto. As a result, a
construction schedule reflecting an average of the two was developed producing a project
duration of 8 years. Exhibit 10.11 shows the implementation scheduie for the Montréal -
Québec segment of the line.

10.4.4 Combination of Implementation Schedules

The preceding schedules are representative of the time required to implement a high speed rail
project over each of the respective segments. Depending on the impiementation strategy used
for the project, these scheduies might be compressed slightly or delayed. The schedules relate
to a major geographical segment of the project only. They have been developed in this manner
to atllow the financial and economic analysts the flexibility of combining them to fit an overail
corridor implementation plan responding to ridership forecasts.

As stated previously, the governing consideration when combining schedules is the time
required for construction of the fixed railway plant, due to the need for specialized construction
gquipment and materials. This requires that the construction periods for Fixed Railway Plant
Construction for each geographical segment not overlap when combining the schedules for the
3 major line segments. ‘
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Proposed HSR Implementation Schedule : Windsor - Toronto

Year! | Yearz | Year3 .| Veard | Year6 | Year6 Year7 | Year8 Year$ | vYe
1D |Name Duration_{1|a2a3ja4lai]a2la3la4|at]azja3je4]ai]azlasladlai]ezadedailoZasla4aiaziaslad atjozadla4aijaziasjalaifaz
1 | Preliminary Design - Ph.1 g g
2 | Environmeniat Assess, 104w
3 | Preliminary Design - Ph.2 18w
4 | Detailed Design 130w
5 {ROW Acquisition 156w
6 | Tenders for Civil Engineering 91w
7 | General Construction 156w
8 |Fixed Railway Plant 104w
9 |Testing 52w
10 | Stations 104w
11 {Passenger Seivice Start-up 02w , 0{ ]

Project: HSR Alignment Sslection Critical Progress SHEESERGESERERE  Summaly
Uate: 84/3/16 Noncritics! RTINS  Miestone @ ' Rolled Up 9

Page 1
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Proposed HSR Implementation Schedule : Montréaf - Québec

I

Year 1 Year2 | Yeard | Yeard | Vear6 | vear6 | Year7 | VYear8 | Veard I Ye
ID__|Name Duratien_|Q1ja2ladla4jaijaz]as]a4latlezlasladai]azadladailazoslasailaslasladaifo]esadailezaslodaijodadadlaiaz
1 {Prelim. Design - Ph.1 78w -

2 | Environmental Assessment 9w
3 |Prelim. Design - Ph.2 78w
4  |Detailed Design M7w
5 |ROW Acquisition 156w
6 |Tenders- Civil Engineering 78w
7 {General Construction 156w
8 {Fixed Railway Plant Mw
9 ?esting 52w
10 |Stations 104w
11 [ Passenger Service Start-up 0.2w

Project: HSR Alignment Selection
Date: 94/3/16

Criticat
Noncritical SRS

Progress

Milestone € RolledUp €

Summary QPR

Page 1
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As stated previously, the governing consideration when combining scheduies is the time
required for construction of the fixed raiilway plant, due to the need for specialized construction
equipment and materials. This requires that the construction pericds for Fixed Railway Plant

Construction for each geographical segment not overiap when combining the schedules for the
3 major line segments.
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APPENDIX

TECHNICAL MEMORANDUM ON REVIEW
| OF COST ESTIMATES



QUEBEC - ONTARIO HIGH SPEED RAIL PROJECT
PRELIMINARY ROUTING ASSESSMENT AND COSTING STUDY

REVIEW OF COST ESTIMATES

1.0 SUB-SYSTEM B : EARTHWORKS AND DRAINAGE

The review of the original estimated costs for the earthworks and drainage sub-
system focussed on the two items where the cost of hauling borrow material
was a significant component of the unit cost adopted. These were the
preparation of the roadbed prior to construction of the embankment and sub-
ballast layers, and the construction of embankment from borrow material.

In_deriving the cost estimate for the haul component, it was assumed that
sources of the selected material for borrow would be availabie at a spacing of 20
km on average along the route. At this spacing the average round trip for
material haulage becomes 10 km and using MTO recommended hourly rates for
truck rental including the operator, a haul cost of $5 per cu. m. is obtained. This
amount, combined with the basic cost of excavating and locading material at the
borrow pit and placing and compacting it in the embankment, results in the $8
used in the original estimate. Given the need for selected material and the large
guantities required, it is considered uniikely that any more convenient scurce of
material could reasonably be expected. Consequently a reduction in unit Costs
for roadbed preparation and embankment constructed from borrow is not
recommended.

In the original estimate the unit rates per km for roadbed preparation were
reduced in the Oshawa to Kingston segment to reflect the likely availability of
borrow material closer to the right-of-way due to the undulating terrain in this
portion of the route.

In addition to the review of the unit rates discussed above, the provisions for
miscellaneous minor items and the overali sub-system contingency allowancs
were revisited. The 10% provision for misceilansous items in some of the unit
rates was included to cover minor work elements related to the major items
measured but not specifically listed in the sub-system breakdown. These wouid
include such items as dewatering, geotextile and other embankment stabilization
methods, reinstatement of borrow areas, erosion protection in earthworks and
drainage systems, temporary works, access and traffic accommodation,etc.

The 15% contingency allowance represents a more global sub-system based
provision for costs and variations which are likely to occur but which cannot be
specifically identified at the time of this estimate. in the case of sub-system B,



this contingency wouid provide for costs of items such as unforeseen variations
to ground conditions, environmental protective and mitigation measures not
measured specifically, snow and other climate-relatedcontroi measures, all costs
to address utility interference, variations to the assumed cost of disposal of
surplus uncontaminated material and undefined costs of carrying out the works
in close proximity to existing road and rail traffic during construction.

Cleariy, there are several impiementation issues and requirements which cannot
be addressed thoroughly at this stage in the project planning process
conseguently the study team believes that the allowances discussed above are
appropriate for their respective purposes and both should be included.

2.0 SUB-SYSTEM D : GRADE SEPARATIONS

in Interim Report No. 3, Infrastructure Costs, the estimate accuracy and the
potential areas of risk were discussed for sach of the sub-systems estimated.
For sub-system D, Grade Separations the assessment of the need for grade
separation of crossing roads and the range of costs of various grade separation
configurations were identified as primary factors influencing the reiiability of the
overall sub-system cost estimate. The review of the estimate for sub-system D
addressed each of these factors independently.

2.1 Assessment of Need for Grade Separation

The original quantities of grade separations of each type were developed from
scrutiny of the mapping of the representative routes at scaiesof 1 : 10,000,
1 : 20,000 or 1 : 50,000 as available. Provincial Highway maps were aiso
used to determine the classification of the existing roads crossing the proposed
HSR right-of-way. Criteria used for assessing the need for a grade separation
included the following :

. classification of road and potential volume of traffic;

e proximity to adjacent crossing roads:

. ease of diversion to other locations where grade separation is provided:
. availability of alternative routes making closure potentially acceptable;
e surrounding land uses.

Comparison of the original quantities with those obtained by VIA Rail in their
earlier studies indicated that the average spacing of the latter was in the 2.5 to
3 km range while the current HSR estimate had resulted in a spacing nearer to
2 km. In reviewing this difference it was noted that the VIA estimates were
based on data developed in studies in the early 1980’s and that the expansion
of urban areas over the last 10 years would have increased the importance of
roads around the urban fringe and consequently the need for access across a
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HSR right-of-way.

The above estimating process was repeated during this cost estimate review to
determine whether the average spacing of grade separations estimated originally
represented a realistic or conservative assessment of crossing needs. This
reassessment of the need resulted in the reductions of the number of 2-lane
grade separations tabulated below. Associated with the elimination of grade
separations is the corresponding increase in quantity of road to be constructed
for diversions to achieve alternative access routes.

Segment Original Quantity Number removed Road
diversion added

Windsor - L.ondon 86 132 2 km

London - Pearson a1 9 3 km

Oshawa - Kingston 100 i5 34 km
Kingston - Ottawa 41 6 15 km
Ottawa - Montreal 61 - 16 32 km
Montreal - Trois Rivieres 41 8 4 km

Trois Rivieres - Quebec 51 15 10 km
Total Corridor 471 82 100 lan

Reassessingthe grade separation needs has reduced the number of 2-lane grade
separations by 17% over the entire corridor. All other larger grade separations
as well as all 2-lane urban grade separations have been retained in the cost
estimate. This reduction in quantity yielded a cost reduction of approximately
$160 miliion. The likelihood that the above 82 road crossings could be closed
or diverted in addition to the 100 assumed originally, was assessed by the
Technical Committee. The committee decided to retain the original estimate of
grade separationrequirementsand omit the additional reduction for the basecase
scenario.

2.2 Review of Unit Costs for Grade Separations

During the assessment of differences between the VIA Rail and current HSR
estimates, the cost allowances for two components of the overall unit cost of
grade separations were identified as potentially generous. These were the unit
rate per cu. metre for borrow material in road approaches and the rate per sq.
metre of deck area on which grade separation structure costs were based. As
part of the review of these allowances, the MTQ agreed to provide
representative average costs of these components from their estimating
database. The information provided is attached to this document.

The original estimate of grade separation costs was based on an all-int rate for
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borrow materiai of $8 per cu. m. derived assuming an average haul distance of
10 km round trip. This assumption was ¢onsidered appropriate in view of the
large quantity of borrow material required, (approx. 150,000 cu.m. per grade
separation at 2-3 km spacing. The MTO contract price data over the last & years
indicates that borrow material for road embankmentshas been supplied at prices
varying between $2 and almost $7 depending on location along the corridor.

Scrutiny of the data provided, and recognition of the significantly larger quantity
of material needed for the HSR grade separations, led to the conclusion that a
unit rate of $6 per cu.m. would be reasonable for the Windser to London
segment and $5 per cu. m. for the remainder of the corridor. Although in some
urban segments along the corridor, lower prices have been cbtained, use of a
lower rate is not recommended given the need to iocate considerable guantities
of material within a reasonabie haul distance.

Regarding the unit rate for grade separation bridges, the data provided by MTQ
for bridges of the size and type anticipated on the HSR project was considerad
in the review. This data was generated after joint consideration of MTO data for
bridges of all types and sizes contracted during the last 8 years. From a review
of this relevant MTO data.(attached) and noting the range of bridge sizes,
construction conditions {some over both existing and future HSR tracks), aver
and underpass configurations and the 15% contingency provided, the following
unit rates were adopted for the revised estimate of grade separation cost.

Conventional open end span, generally post-tensioned

bridges mostly. constructed over new or abandoned

right-of-way . $900 per sq.
metre. s

Bridges of the above type but constructed in
difficult foundation conditions $1035 per su.
metre. ‘

Although some of the grade separation bridges will be underpasses at higher
cost, being rail-carrying structures and others will have to be constructed over
operating right-of- way, the average unit rates above are considered to be
representative for the range of situations likely and a project requiring large
numbers of bridges with potential for some standardization of components.

The reduced borrow material and bridge unit costs have been used for the

derivation of revised total costs for each type of grade separation. The resulting

iower costs are shown in Table 2.1 Sheets 1-3 for a $5 per cu.m. borrow cost
and Table 2.2 Sheets 1-3 for a $6 borrow cost. Applying these lower unit costs

to the reduced quantities discussed above, reduces the sub-system cost by

approximately $350 million over the entire corridor.
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TABLE 2.1 Sheet 1

Bormrow Unit Price $5

RURAL GRADE SEPARATIONS

lem 1.1 ltem 1.2 flem1.3 Rem 14 P temis ]

4 Lane Div. Freeway

- 2 Lane Rural over 2 Trks | 2 Lane Rural over 4 Trks | 4 Lane Rural over 2 Trks | 4 Lane Rural over 4 Trks over 2 Tracks
i L Unit] Price]  Quanlity Costi  Quantily Costl  Quanlity Cost]  Quanlity Cost{  Quantity Cosl
1. Excavalion m| 5.0 1,760 8,800 1,760 8,800 2140 10700 2,140 10700 aseo|  17.950
3 : .
2. Borrow m| 50| 145730 728,650 145,730 728,650 182,560 912,800 182,560 912,800 315,350] 1,576,750
3. Hot Mix {1 600 2,265 135,900 2,365 141,900 4,680 280,800 4,850 291,000 6,670 400,200
4. Gran A’ {{ 10.0 6,820 68,_200 6,820 68,200 9,340 93,400 9,340 93,400 14,350 143,500
5. Gran. 'B’ { 8.0 10,925 87,400 10,925 87,400 16,000 128,000 16,000 128,000 31,360 250,880
{6. Guide Rail m| 75.0 1,540 115,500 1,540 115,500 1,540 115,500 1,540 115,500 840 63,000
Sub Tolal 1,144,450 1,150,450 1,641,200 1,551,400 2,452,280
7. Minor lems 10%___ | | 114,445 115,045 154120) [ 1551404 - | 245228
. JOTALROADWORK| | | 1,250,895 1,265,495 1,695,320 ...1.706,540 __|_2697,508
STRUCTURE
, .

8. Slandard Conditions] mi| 900 500 450,000 945 850,500 800 720,000 1,150} 1,035,000 920 828,000
9. Dilf.Fnd.Condilions m2 1035 500 517,500 945 978,075 800 828,000 1,150 1,190,250 920 952,200

_— ey | — e P Ty et T —— r._ bl [ S e ety

TOTAL COST

Standard Conditions 1,706,895 2,115,995 2,415,320 2,741,540 3,525,508
Difficull Fnd. Condilioné 1,776,395 2,243,570 - 2,523,320 2,896,790 3,549,708

Prinied:

10-Jun-94




TABLE 2.1 Sheet 2

URBAN GRADE SEPARATIONS
BORRBOW UNIT PRICE $5

~ ltem 2.1

Item 2.2

4 Lane Road aver 2 Trks

4 Lane Road over 4 Trks

~ Tlem23a

ltem 236

6 Lane Road over 2 Tiks

6 Lane Road over 4 Trks

Unitj Price Quantity] Cost Quantity Cost Quantity Costj  Quantity ~ Cost
3
1. Borrow m| 5.0 198,000 990,000 - 198,000 990,000 233,330 1,166,650 233,330 1,166,650
2 Hot Mix 1| 60.0 4,445 266,700 4,495 269,700 6,610 396,600 6,685 401,100
3 Gran ‘A’ t] 100 5,640 56,400 5,640 56,400 8,670 86,700 8,670 86,700
4, Gran.'B’ t 8.0 14,100 112,800 14,100 112,800 25,000 200,000 25,000 200,000
5 . Guide Rail m| 75.0 1,540 115,500 1,540 115,500 1,540 115,500 1,640 115,500
6 Curbs m| 32.0 1,880 60,160 1,880 60,160 3,760 120,320 3,760 120,320
2 ' '
7. __ Sidewalks mi 350 2,820 98,700 2820] 98700( = 2,820f 98,700 . 2820] 98,700
Sub Total 1,700,260 1,703,260 2,184,470 2,188,970
8.  Minor ltems 30% 170,026 170,326 o 218,447 218,897
TOTAL ROADWORK 1,870,286 1,873,586 24029171 2,407,867
STRUCTURE
9. Standard Conditions l‘ﬂ2 900 800 720,000 1.090 961,000 1,160 1,044,000 1,580 1,422,000
. ‘
10.  Diff.Fnd.Conditions m| 1035 800, 828,000 1.090| 1,128,150 1,160 1,200,600 1,580 1,635,300
i11.  Trallic Malintenance 100,000 100,000 160,000 100,000
12.  Detours 150,000 150,000 150,000 150,000
13. Mitigations - Private 50,000 50,000 50,000 50,000
Propeny
TOTAL COST '
Standard Conditions 2,880,286 3,154,586 3,746,917 4 129,867
Difficult Fnd, Conditions 2,998 786 3,901,736 3,803,517 4 343 167
Printed: 10-Jun-94




TABLE 2.1 Sheet3

MODIFICATION OF EXISTING GRADE SEPARATIONS

1 "hem3.2a ltem 3.2b tem 3.1a ltem 3.1b
2 Lane Rural Road Rural 4 Lane Urban Road Urban
over 4 tracks Minor Modification over 4 tracks Minor Modilication
i Unit|  Price Quantity Cost Quantity Cost Quantity Cost Quantity Cos!
1. Roadway L.8. L.S. 100,000 L.S. 30,000 L.S. 200,000 L.S. 60,000
2. Detour 1 km| 280,000 0.7 196,000 N/A
Sub Total] 296,000 30,000 200,000 60,000
~_Minor ltems 30% . 29,600 3,000 20,000 6,000
. _TOTAL ROADWORK | 325,600 33,000 __220,000) 66,000
3. Structure mz 900 500| 450.900 1,090 981,000 N/A
brldge!
) removal 100,000
4. Exisling Bridge m 250 190 47,500 190 47 500 N/A 300 75,000
Rehabilitation
5. Crossing Protect. EA 250,000 N/A N/A
Signals, etc.
TOTAL COST 1,073,100 80,500 1,301,000 141,000

Prnted:  10-Jun-94




TABLE 2.2 Sheet 1

RURAL GRADE SEPARATIONS

Borrow Unit l_’rice $6

i ~ lemii Cllem 1.2 femi3 _demid T flemis
4 | ane Div. Freeway
2 Lane Rural over 2 Trks | 2 Lane Rural over 4 Trks | 4 Lane Rural over 2 Trks | 4 Lane Rural over 4 Tiksff over2Tracks
B o Unii] Price|  Quaniity Cosl] — Quaniity Costf Quantityl —  Cost|  Quanlily Cost| ~ Quantily]  ~ Cost
. 3 - .
1. Excavation mE 50 1,760 8,800 1,760 8,800 2,140 10,700 2140 10,700 3,590 17,950
; _
2. Boriow m| 60 145,730 874,380 145,730 874,360 182,560| 1,095,360 182,560} 1,095,360 315,350 1,892,100
3. Hol Mix {1 60.0 2,265 135,900 2,365 141,900 4,680 280,800 4,850 291,000 6,670 400,200
4. Gran ‘A’ t| 100 6,820 68,200 6,820 68,200 9,340 93,400 9,340 93,400 14,350 143,500
5. Gran. 'B’ | 8.0 10,925 87,400 10,925 87,400 16,000 128,000 16,000 128,000 31,360 250,880
6, Guide Rail m| 75.0 1,540 115,500 1,540 115,500 1,540 115,500 1,540 115,500 840 63,000
Sub Total 1,290,180 1,296,180 1,723,760 1,733,960 2,767,630
7. Minor llems 10% 1 120,018 129,618 172,376 ) {73,396 276,763
TOTAL RHOADWORK 1,419,198 1,425,798 1,896,136 . 1,907,356 _| 3,044,393
STRUCTURE

B. Standard Conditions mz 900 500 450,000 945 850,500 800 120,000 1,150 1,035,000 920 828,000
i9. Diff Fnd.Conditions mz 1035 500 517,500 , 945 978,075 800 828,000 1,150{ 1,190,250 920 952,200

TOTAL COST
Slandard Condilions 1,869,198 2,276,298 2,616,136 2,942,356 3,872,393
Ditficult Fnd, Conditions 1,938,698 2,403,873 2,724,136 3,097,906 3,596,553
Printed: 10-Jun-94



TABLE 2.2 Sheet 2

ltem 2.1 hem 2.2 tlem23a. |
o 74}@1_3‘ Road over 2 Trks § 4 Lane Road over 4 Trks || 6 Lane Road over 2 Trks_
Unit| Pricel  Quantityl  Costl  Quantity; - Coslj Quantity; = Cost
3
1. Borrow m 6.0 198,000 1,188,000 198,000 1,188,000 233,330 1,399,980
2. Hot Mix t 41600 4,445 266,700 4,495 269,700 6,610 396,600
3. Gran 'A’ t| 100 5,640 56,400 5,640 56,400 8,670 86,700
4, Gran. 'B’ t 8.0 14,100 112,800 14,100 112,800 25,000 200,000
5. Guide Rail m| 75.0 1,540 115,500 1,540 115,500 1,540 115,500
6. Curbs m] 320 1,880 60,160 1,880 60,160 3,760 120,320
2 .
7. Sidewalks | m} 350f 2820 98,700 2820| 98,7001 ~ 2,820]  98,700f
Sub Total 1,898,260 1,901,260 2,417,800
8. Minorltems30% | | 189,826 | 1904260 _...241,780
_TOTALROADWORKL _ | . _ . . .1 2088086} | 2091386 _1. 2,659,580
STRUCTURE
, _
9, Standard Conditions| m| 900 8GO 720,000 1,090 981,000 1,160 1,044,000
1
10. Ditt.Fnd.Conditions mj §035 800 828,000 1,090 1,128,150 1,160 1,200,600
i1, Trallic Maintenance 100.000 100,000 100,000
12, Detours 150,000 150,000 150,000
i3, Mitigations - Private 50,000 50,000 50,000
Property
TOTAL COST
Standard Conditions . 3,108,086 3,372,386 4,003,580
Difficult Fnd. Conditions 3,215,086 3,519,536 4,560,180

URBAN GRADE SEPARATIONS
BORROW UNIT PRICE $6

- llem 2.3b
6 Lane Road over 4 Trks
| Quantiy]  Cost
233,330 1,399,980
6,685 401,100
8,670 86,700
25,000 200,000
1,540 115,500
3,760 120,320
_2,820| 98,700
2,422,300
| _=2a2230
_ 2,664,530
1,580 1,422,000
1,580 1,635,300
100,000
150,000
50,000
4,386,530
4 500 830
Printed 10-Jun-04




ThorE 2.2 shewy o

MG unICh 1IN Ur EXio 1iING anftADL oEPrinidTIONS

) | o hem32a [T Wema2b [ T "hem3da |° T ilemaib
2 Lane Rural Road Aural 4 Lane Urban Road Urban
.. _..| . overdtracks | Minor Modification overdtracks __ k  Minor Modification
Unit Price Quantity ~ Costf  Quantityl  Cost Quantity __Costj  Quantity ~ _ Cost
Roadway LS. L.S. 100,000 L.S. 30,000 LS. 200,000 L.S. 60,000
2. Detour 1 km| 260,000 0.7 196,000 N/A
Sub Total) 296,000 30,000 200,000 60,000
~ Minor items 30% 29,600 3,000 20,000 6,000
. .JOTAL ROADWORK . 1925600 33,000 2200000 . | . 66,000
2
3. Structure m 900 500 450,000 1,090 981,000 N/A
bridga
removal 109,000
) 4
4. Exisling Bridge m 250 190 47,500 190 47,500 N/A 300 75,000
Rehabilitation
5. Crossing Protect. EA 250,000 N/A N/A
Signals, etc.
TOTAL COST 1,073,100 80,500 1,301,000 148,000
Primted:  16-Jun-94




3.0

SINGLE-TRACK SEGMENTS

A more detailed, sagment specific assessmentof the potentiai for cost reduction
by adopting a partial single track configuration was requested by the Technical
Committee as part of the review of infrastructure cost estimates. Single track
with intermittent passing tracks was considered for the Windsor to London and
Laval to Quebec segments.

3.1

Planning Assumptions

In deriving the quantities for cost estimating of the single track segments, the
following design and implementation assumptions were made:

3.2

The proportion of double passing tracks will bé approximately one-third
of the total length of the segments. The spacing and location assumed
for these passing tracks is shown in Tables 3.1 and 3.2.

The cross-section of the single track portion would be as shown in Exhibit
3.1, which indicates a reduction in platform width of 6 metres from the
14 maetre double-track width.

Costs will be based on minimum provision of works for future doubling.
All rail-carrying bridges will be singie track unless they fall within a
passing track section. For any doubling of track in the future, a second
single track bridge would be built approximately 15 metres from the
initial bridge. '

Grade separations will be constructed initially for double track. In the
single track sections, this will mean a longer bridge length to span the
future wider spaced second track. This small increase over the original
double track grade separation costs has not been inciuded at this tims.

At the end of each double track section, a short length of gradually
widening earthworks (14 to 24 metres) would be constructed so that the
future second track could be iaid without disrupting operations on the
initiai'track._

Right-of-way for a full double track section throughout would be acquired.

Cost Esfimates

Applying the above assumptions to the Windsor to London and Laval to Quebsc
segments results in the cost reductions listed in the following table:



COMPOSITE REPRESENTATIV

DVSS_200.XLS

SECTION STARTING END DOUBLE SINGLE

CHAINAGE CHAINAGE TRACK TRACK
Windsor Station 2,000.000 2,015.800 15.800 0.000
2,015.800 2,035.800 0.000 20.000
2,035.800 2,043.800 8.000 0.000
2,043.800 2,063.800 0.000 20.000
2,063.800 2,071.800 8.000 0.000
2,071.800 2,091.800 0.000 20.000
2,091.800 2,099.800 8.000 0.000
2,099.800 2,119.800 0.000 20.000
2,118.800 2,127.800 8.000 0.000
2,127.800 2,147.800 0.000 20.000
2,147.800 2,155.800 8.000 0.000
2,155.800 2,175.800 0.000 20.000
London Station .2,175.800 2,183.800 8.000 0.000
Sub-total : 63.800 120.000

Entire Section from London Station to Laval Station to be on double track.
Laval Station 2,023.740 2,031.740 8.000 0.000
2,031.740 2,053.240 0.000 21.500
2,053.240 2,081.240 8.000 0.000
2,061.240 2,082.740 0.000 21.500
2,082.740 2,090.740 8.000 0.000
2,090,740 2,112.240 0.000 21.500
2,112.240 2,120.240 8.000 0.000
2,120.240 2,141.740 0.000 21.500
Trois Riviere Station 2,141.740 2,157.740 16.000 0.000
2,157.740 2,177.740 0.000 20.000
2,177.740 2,185.740 8.000 0.000
2,185.740 2,205.740 0.000 20.000
2,205.740 2,213.740 8.000 0.000
2,213.740 2,233.740 0.000 20.000
2,233.740 2,241.740 8.000 0.000
2,241.740 2,261.740 0.000 20.000
Quebec Station 2,261.740 2,278.810 17.070 0.000
Sub-total - 89.070 166.000
TABLE 3.1

E ROUTE FOR 200-250 KPH TECHNOLOGY
SEGMENT FOR DOUBLE VS SINGLE TRACKS




SECTION STARTING END DOUBLE SINGLE
CHAINAGE CHAINAGE TRACK TRACK
Windsor Station 1,000.000 1,018.500 18.500{ 0.000
1,018.500 1,039.500 0.000 21.000
1,039.500 1,047.500 8.000 0.000
1,047.500 1,068.500 0.000 21.000
1,068.500 1,076.500 8.000 0.000
1,076.500 1,097.500 0.000 21.000
1,097.500 1,105.500 8.000 0.000
1,105.500 . 1,126.500 0.000 21.000] -
1,126.500 1,134.500 8.000 0.000
1,134.500 1,155.500 0.000 21.000
1,155.500 1,163.500 8.000 0.000
1,163.500 1,184.500 0.000 21.000
London Station 1,184.500 1,182.500 8.000 0.000
Sub-total 66.500 126.000
Entire Section from London Station to Laval Station to be on double track.
Laval Station 1,023.740 1,031.740 8.000 0.000
1,031.740 1,052.740 0.000 21.000
1,052.740 1,060.740 8.000 0.000
1,060.740 1,081.740| 0.000 21.000
1,081.740 1,089.740 8.000 0.000
1,089.740 1,110.740 0.000 21.000
1,110.740 1,118.740 8.000 0.000
1,118.740 1,139.740 0.000 21.000
Trois Riviere Station 1,139.740 1,155.740 16.000 0.000
1,155.740 1,175.740 0.000 20.000
1,175.740 1,183.740 8.000 0.000
1,183.740 1,203.740 0.000 20.000
1,203.740 1,211.740 8.000 0.000
1,211.740 1,231.740 0.000 20.000
1,231.740 1,239.740 8.000 0.000
1,239.740 1,259.740 0.000 20.000
Quebec Station 1,259.740 1,277.680 17.940 0.000
Sub-total 89.940 164.000
TABLE 3.2

COMPOSITE REPRESENTATIVE ROUTE FOR 300+ KPH TECHNOLOGY

DVSS_300.XLS

SEGMENT FOR DOUBLE VS SINGLE TRACKS

B/24ra4
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Technology Segment Cost Reduction
Over 300 kph Windsor to Toronto $155 million

Montreal to Quebec $221 million
200-250 kph Windsor to Toronto $139 million

Montreai to Quebec $237 million
Following the above analysis of cost savings from single track construction, an
order-of-magnitude assessment of the cost premium for staged double tracking
over an initial double track infrastructure was made. Sub-systems where a
premium would be paid include earthworks and drainage, bridges and viaducts,

track and electrification. Estimates of these sub-system cost premiums are as
follows:

Windsor - London Montreal -
Quebec
Earthworks and Drainage $37 million $54 million
Bridges and Viaducts $4 million $9 million
Track and Electrification $9 million $11 million
Total estimated premium $50 million $74 miilion

4.0 CONTRACTING STRATEGY

With the exception of the track and electrification subsystems, the original cost
estimates were developed on the basis of a traditionai contracting strategy with
civil works contracts in the $20 million range. The impact of an alternative
larger contract strategy was discussed during meetings preceding the cost
estimate review and an assessment of the effect on the estimated costs was
reguested.

Contracts up to $100 million were considered as representative of & larger
contract strategy. On this basis, approximately 25 contracts would be tendered
for the 300 kph composite route between Toronto and Montreal and 7 for the
Montreal - Quebec segment. This approach offers the potential for cost savings
in contractor overheads, in contract administration by the owner, from large
volume procurement of certain materials and from the reduced potential for
delays and claims with fewer contractor interfaces. Discussions with major
Toronto civil contractors indicated that a reduction in non-direct overhead of 1%
of construction vaiue could be expected if contracts were nearer to $100 million
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than the $20 million range, (e.g. from a 4% to a 3% aliowance}. Between
Montreal and Toronto, this would mean a $25 million saving.

In addition to a large-contract strategy, a design/build tendering approach could
potentially also yieid significant cost savings. This approach provides greatest
savings through use of performance specifications, leaving opportunities for
innovative design and implementation soiutions and lower risk protection
provisions by contractors.

While the above "mega-project” and/or design/build strategiescould resuitin cost
reductions in the 5% to 10% range for the civil works, the contract packaging
should not be so large that the number of potential construction consortia
equipped to bid is so few that the competitiveness of the tendering process is
removed. The 25 contracts mentioned above for the Toronto - Montreal
segment would still maintain a competitive bidding environment if spread over
4 years. For the Montreal to Quebec segment more smaller contracts may be
more appropriate.

5.0 ACCESS TO MONTREAL FROM THE WEST

Discussions with VIA Rail identified the choice of route to access Montreai from
the west as contributing to the difference between the VIA Rail estimated cost
of the Montreal to Toronto segment and that of the current HSR Study. VIA
Rail’s study was based on the most direct route between the northwest portal
of the existing Mont Royal tunnel and the proposed crossing of the Ottawa River
at Pointe Fortune. This alignment through Val Royal, Roxboro and Deux
Montagnes does not provide HSR service to Mirabel Airport as it passes
approximately 11 km to the south. ‘

Between Central Station and Deux Montagnes it was assumed that HSR trains
would share the upgraded STCUM commuter service tracks. West of Deux
Montagnes the alignment would follow the abandoned CN Grenville spur
between Grenmont and St. Eustace where it would swing south to cross the
Ottawa River. This more southern route is 66 km between Central Station and
the river crossing compared with 85 km for the route through Laval and Mirabel.
The cost of this route was estimated using the same sub-system breakdown
adopted for the original HSR study estimates. Table 5.1 summarizes the costs
and provides a comparison with the original HSR alignment from Pointe Fortune
through Mirabel, St. Martin junction and East junction to the Mont Royal tunnel.

In assessing the comparative costs of the above alternative routes into Montreal
from the west, it must be recognized that the St. Martin to Mont Royai tunnai
portion of the longer route through Laval forms part of the proposed HSR route
between Montreal and Quebec. Therefore the $93 million cost advantage by



TABLE 5.1
COMPOSITE REPRESENTATIVE ROUTE FOR 300+ KPH TECHNOLOGY

COMPARISON OF DEUX MONTAGNES AND 300 KPH EXISTING
POINTE-FORTUNE - MIRABEL - ST. MARTIN - MONTREAL ALIGNMENT

SUBSYSTEM DEUX MONTAGNES MIRABEL/ COST
ALIGNMENT ST. MARTIN VARIANGCE
ALIGNMENT
A - Right-of-way Acquisition $15,255,049 $21,764 066 {$6,508,017
B - Earthworks and Drainage $81,913,002 $141,633,276 ($59,720,274)
G - Bridges, Viaducts and $64,377 1 34 $60,175,005 54,202,128
Tunnels
D - Grade Separations $87,983 248 $83,813,788 $4,16% 460
E - Other Accommeodation $3,054,564 $2,285,552 $1.668.012
Works
F - Track $56,768,488 $70,848,593 ($14,080,108)
G - Electrification $52,009,082 $76,285.472 (324,280,380}
H - Statiens {(Mods. to Ex. $1,065,906 $0 $1,085,806
Commuter Stations)
Totals $363,326,473 $456,809,752 ($83,483,279)
DEUX_MON.XLS



TABLE 6.1 Sheet 1

COMPOSITE REPRESENTATIVE ROUTE FOR 300+ KPH TECHNOLOGY
FULL DOUBLE TRACK THROUGHOUT

$1,237,356,550

SUBSYSTEM SEGMENT TOTAL
WINDSOR - TORONTO TORONTO - MONTREAL MONTREAL TO QUEBEC NORTH SHORE SOUTH SHORE
NORTH SHORE SOUTH SHORE OPTION OPTION
A - Right-of-way Acquisition $239,220,039 $184,795,630 $174072,510 364,526,319 $4806 651,988 $477,928 868
§8 - Earthworks and Drainage $451,438,193 $1,139,185,933 $1,051,236,164 $339,039,249 $1,828,663,3715 $1,841,713,606
{Allowance lor EA & Feasibility {$20,400,000) ($39,100,000) {$37,600,000) ($12,700,000)) {$72,200,000) ($70,700,000)%
Studies included above)
C - Bridges, Viaducts and $135,179,0814 $4592,035,679 $429,126 447 $92321,544 $719,540,034 $556 637,602
Tunneis
kD - Grade Separations $494,490,201 $727,579,540 $752,785,153 $247,573,261 $1,469 643,032 $1,494 848,645
{Reduction from previous ($174,900,000); ($228,600,000) ($250,285,487) ($110,500,000)) {$515,000,000) ($535 685,487H
estimates) ’
JE - Other Accommodation $45,268, 895 $105,282,482 $99,226,188 $9,915,128 $160,466,505 $154,410,221
Works
\F - Track $306,141,439 $580,773,462 $573,406,427 $223,446,497 $1,110,361,398 $1,102,994,363
§G - Electrification 3282,750,220 $485,709,251 %483,444 478 $2314,048, 409 $999,507 680 $997,243,105
AH - Stations %$27,160,104 $103,772,007 $103,772,007 $29, 466,151 $160,396,352 $160,398,352
{Cost of Peopla Mover removed 30 {%228,000,000)] {$228,800,000) %0 {8§228,000,600) {$228,000,000)
from previous estimates)
)“imma $1,881,748,832 BRB15,135,074 $3,867 069,472 $7,038, 240 564 36,886,174,962

308_DOUS XS

BG4



TABLE 6.1 Sheet 2 COMPOSITE REPRESENTATIVE ROUTE FOR 300+ KPH TECHNOLOGY
. 2/3 SINGLE TRACK BETWEEN WINDSOR TO LONDON AND LAVAL TO QUEBEC
SUBSYSTEM SEGMENT TOTAL
WINDSOR - TORONTO TORONTO - MONTREAL MONTREAL TO QLJEBEC HORTH SHORE SOUTH SHORE
NORTH SHORE SOUTH SHORE OPTION OPTION
A - Right-of-way Acquisition - $239,320,029 $184,795,630 $174072,510 364,536,319 $458 651,968 $477,928,060
B - Earlhworks and Drainage $409,222,939 $1,139,165,033 $1,051,236,164 .$275,560,648 $1,823,969,520 $1,736018,751
{Allowance for EA & Feasibllity ($18,800,000)] . ($38,100,000) (337,600,000} {$10,400,000)} {$68,300,000) (566,800,000
Studies inciuded above)
C - Bridges, Viaducls and $129,287 221 £492,036,679 $429,126 447 $69,623,390 $690,947, 290 $628,037,058
Tunneis ‘

O - Grade Separations $494,490,23 $727 579,540 $752,765,153 $247,573,261 $1,469,643,032 $1,494 848 645
(Reduction from previous $174,900,000} ($229,600,000} ($250,285,467) {$110,500,000)] ($515,000,000; {$535,685,487)
estimates)

JE - Other Accommodation $45,268,895 $105,282,482 $99,226,198 $9,815,128 $160,466,505 $154,410221
Works

FF - Track $257,891,197 $580,773,462 $573,406,427 $164,008,266 %1,002,672,825 $995,305,800

£G - Electrification $224,001,412 $485,709,251" $483,444 478 $155,791 860 $86%5,502,523 $863,237,748

iH - Siations $27,160,104 $103,772,097 §103,772,097 $29,468,151 $160,398 352 $160,398,352
{Cost of People Mover removed 3G {3228,000,000) 1$228,060,000) 30 {$228,000,000) {37228,000,000)
from previous estimales} 7
Tolals %1,726,842,.038 §$3,518,135,0¢4 %3867 069,472 D 54018, 475,023 %6 662 252,135 38,510,186 533

300 SING XLS

BG4



TABLE 6.2 COMPOSITE REPRESENTATIVE RQUTE FOR 200-250 KPH TECHNOLOGY
ABLE 6.2 Sheet 1 FULL DOUBLE TRACK THROUGHOUT
SUBSYSTEM SEGMENT TOTAL
WINDSOR - TORONYO TORONTO - MONTREAL MONTREAL TC QUEBEC
A - Right-of-way Acquisilion $206,209, 441 $167,308,554 $73.507.658 $467,115,653
8 - Earthworks and Drainage $390,533.617 $923 417,586 $363,680,436 $1,6685,631,639
(Allowance for EA & Feasibiity {$18,000,000) (334,000,000 {$12,600,000)] {$64,800,000)]
Studies Included above)
" §C - Bridges, Viaducls and ' $123,484,852 $454,246,340 $102,439 350 $680,670,650
Tunnels
-) - Grade Separations $381,442,918 $537,590,242 $156,361,140 $1,077,395 300
{Reduction from previcus {$112,200,000) ($116,000,000) {$17.000,0004 {$245,200,000)f
estimates)
JE - Other Accommodation 343.651,‘516 $92,803,415 $11,937.375 $148,392,306
Works
F - Track $293,347 390 3548,787,735 $241.392 340 $1,061,527,455
G - Electrification $276.962 80D $473 812,728 $265,906 207 $1,046, 681,025
gH - Stalions $18,832.714 $91,601,206 $37,793,542 $148,227 552
(Cost of People Mover remaved 30 1{8326,700,000) 30 {$326,700,0600)3
from previous estimates}
Tolals $1,744,468,348 B3,307 857,808 $1,253,519,148 $6,305,642,390

200_DOUB XLS

H18/94



TABLE 6.2 Sheet 2

COMPOSITE REPRESENTATIVE ROUTE FOR 200-250 KPH TECHNOLOGY
213 SINGLE TRACK BETWEEN WINDSOR TO LONDON AND LAVAL TO QUEBEC

Tunnels

SUBSYSTEM SEGMENT
WINDSOR - TOROKTO TORCNTO - MONTREAL MONTREAL TO QUEBEC
A - Righl-ol-way Acquisition $206,209,441 $167,398,554 $73,507,658 $467 115,653
EB - Earthworks and Drainage $363,680,007 $923,417,586 $303,428,271 $1,590,535,864
{Allowance lor EA & Feasibility {$16,600,000} {$34,000,000)f {$10,400,000)§ (861,000,000
Sludies inctuded above)
C - Bridges, Viaducts and $120,403,177 $454,246,340 $67,054,711 §641,704,220

from previous estimales}

10 - Grade Separations $363,443,918 $537,590,242 $156,361,140 $1,077,395,300
{Reduction from previous ($112,200,0000} {$116,000,000}{ ($17,000.000)} ($245,200,000)
eslimates)

JE - Other Accommodation $43,651 516 $92,803,415 $11,937,375 $148,292 306
Works

JF - Track $248,543,890 $546,787,735 $178,434,664 $973,766,389

(3 - Electnification $221,026,670 $473,812,728 $1886,406,302 $803,245.700

#H - Stations $16,832,714 $91,601,296 337,793,542 $148,227,552

{Cost of People Mover removed 30 {$326,700,000) 30 {3326,700,000)

Tolais

$1,505,801,433

3,307 G57.896

$1,016,923,663

55,930,382 992

P00 BIMNG ALE

H15484



using the Deux Montagnes alignment for a Montreal to Toronto HSR project is
offset by the need to add back $107 million for the St. Martin to Mont Royal
Tunnel portion when considering a Montreal to Quebec project.

6.0 SUMMARY OF REVISED CORRIDOR COSTS

The modifications to costs recommended as a resuit of the cost estimate review
described above have been included in an updated caiculation of the composite
route infrastructure costs for each technology. These updated costs, reflecting
the reductions achieved, are shown in Tabies 6.1 and 6.2 (sheets 1 and 2) for
the "full double track™ or "partial single track” options with each technology. in
addition to the cost reductions discussed above, the estimated cost of pecple
movers at Pearson and Dorval Airports has been removed from the Stations sub-
system as instructed by the Technical Committee.



