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Executive Summary

This report presents the results of the
Québec/Windsor High Speed Rail feasibility
study, which was funded equally by the
governments of Canada, Québec and Ontario.
The study, which began in 1992, involved a
number of firms specialized in transportation
issues and a federal-provincial team who
investigated the prospects and implications of
introducing & High Speed Rail (HSR) passenger
transportation system in the Québec-Windsor
Corridor. This study is a continuation of the work
performed by the Ontario/Québec Rapid Train
Task Force (O/Q RTTE).

The study was headed by a Steering Committee
composed of the Deputy Ministers from the three
ministries of transportation.

Objective and Scope

The objective of the study was to recommend
whether or not the Governments of Canada,
Québec and Ontario should decide to initiate
and/or support the development of high speed
passenger rail services in the Québec-Windsor
Corridor.

This study included a detailed assessment of
potential representative routings for HSR service
from Québec City to Windsor, associated
construction costs, detailed traffic forecasts and
consumer surplus estimates, a thorough review of
representative technologies, their operational
characteristics and resulting operating costs, an
evaluation of socioeconomic, industrial, economic,
urban and environmental impacts, and impacts
on other modes. It also included a potential
industrial strategy, a detailed financial analysis,
an evaluation of financing possibilities and a cost-
benefit analysis.

The routings and technologies considered in the
study are representative. They are not necessarily
final choices for application in Canada. In fact, a
range of technologies was examined as well as a
number of different routing options. Different
segments were also studied, including the full

Québec-Windsor Corridor and shorter segments
such as Montréal-Toronto and Québec-Toronto.

Two broad speed /technology alternatives were
analyzed, the medium fast (200 to 250 km/h}
technologies  incorporating body  tlting
represented by the ABB X-2000 train, and the very
fast (300 km/h and over) technologies without
body tilting, typified by the GEC-Alsthom TGV-
Atlantique train.

New Features

Although a continuation of the O/Q RTTF, this
study incorporates new features not previously
found in any other Canadian HSR study:

* Much more extensive surveys of current
fravel characteristics, conducted in three waves,
with  three times as many completed
questionnaires as ever before on the various
modes. Stated preference suwrveys asked
passengers questions about tradeoffs befween
modal attributes such as travel time, fares and
frequencies;

* Use of three demand forecasting consultanis
with three different forecasting approaches, but
with the same input assumptions, and a
reconciliation of these forecasts into one forecast;

* Extensive consultation with an Advisory
Group composed of the major stakeholders,
namely the existing bus operators, airlines and
train operators in the Corridor and major
manufacturers of rolling stock;

s More detailed analysis of economic impacts
taking into account how such a project could be
financed without increasing the public debt,
thereby assuming that governmenial financial
support would be funded by correspondingty
reduced capital expenditures in other areas of
government investment by the federal
government and the governments of Québec and
Ontario;

* Consultations and technical visits o
operators in Sweden and France as well as with
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ABB and Bombardier in Canada to gather
detailed information and fo review data and
assumptions;

o Development of a detailed financing plan, in
collaboration with the Banque Nationale de Paris,
a major bank involved in large infrastructure
project financing;

¢ A cost-benefit study, that is, an economie
analysis of the project from the peint of view of
Canadian scciety as a whole, and the
development of provincial cost-benefit models
that consider the project from the point of view of
the provincial governments.

Key Findings

The present study did not define final routes
for FISR but only "representative” routes, in order
to obtain more detailed cost estimates, trip times
and revenues projections. Two representative
route alignments were developed, one for each
family of technology. Although both routes
extend from Québec City to Windsor, they follow
somewhat different alignments.

Table 1 presents main characteristics as well as
the rnajor cost and revenue findings.

Total system costs between Québec and
Windsor {some 1200 km), are estimated at
$9.5 billion for the 200 km/h system and at
$10.5 billion for the 300 km/h system. Costs for
the Toronte-Montréal segment (over 600 km) are
estimated at $5.4 billion and $6.1 billion
respectively for the 200 km/h and 300 km/h
systemns. The Québec-Toronto 300 km/h scenario
would cost $8 billion. System costs exclude
inflation and financing costs; total financing
requirements including inflation and financing
costs are presented in Table 2 and discussed in the
sectior: on financial analysis.

In order to provide year-round high speed
operation, existing tracks and roadbed need
cornplete reconstruction,

There are no significant differences in costs
between using existing rail lines and new
greenfield routes, nor are there any significant
differences in costs between the 200 and the
300 ki /h routes,

Existing FSR systems are adaptable to
Canadian conditions but would require some
modifications. Suppliers and operators would
therefore need to invest in some research and
development since existing high speed rail R&D
programs do not address some specific needs of a
Canadian H5R. -

Table 1 - HSR Characteristics

260 kmi/h 306 km/
System System

Length (km)
Québec-Windsor 1228 1234
Montréal-Toronto 610 629
Express Travel Times
(H:MIN)
Québec-Montréal 1:34 1:12
Montréal-Toronto 3:05 2:18
Toronto-Windsor 1:56 1:24
Ridership in 2005
(thousands)
CQuébec-Windsor 10065 11867
Montréal-Toronto 5619 6646
Revenues in 2005
{19938 millions)™
Québec-Windsor 694 887
Montréal-Toronto 428 550
Total System Costs
{19938 billions)™
Cuébec-Windsor 9450 104581
Montréal-Toronto 5402 6079
Operating Costs
in 2005
(19938 millions}
Cuébec-Windsor 259 303
Montréal-Toronto 158 186

(1) Excludes GST and PST
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HSR operation could improve travel times
significantly over existing Via Rail services. For
example, a trip time of 1 hour and 12 minutes
could be achieved between Montréal and Québec
and a trip time of 2 hours and 18 minutes would
be feasible between Montréal and Toronto with a
300 km/h technology. A variety of multiple stops
and express trains would be offered.

The improved travel times would be
accompanied by  significantly  increased
frequencies, which would compare with those of
air carmers, on all cities to be served by HSR
within the Corridor.

Ridership and Revenues

The total intercity passengers in the Corridor in
1992 correspond to some 109 million person-trips.
Automobiles account for 99 million trips, air
accounts for 4.1 million, followed by rail with
2.9 million and bus with 2.6 million.

HSR could attract more than 10 million riders
per year in 2005 on a 200 km/h system and nearly
12 milion for a 300 km/h system in the
Québec,/Windsor corridor. In 2025, the respective
numbers of passengers would be 15 and
19 million. The Montréal-Ottawa-Toronto seg-
ment accounts for nearly 56% of total corridor
ridership, and Québec-Toronto, approximately
75%.

Approximately 80% of future HSR travellers
could be diverted from other modes in the
corridor. Those being diverted from automobile
would account for 40% of HSR ridership, 18%
from air (local and connecting flights), 15% from
VIA Rail and 8% from buses. Induced fraffic (trips
that would not have been made without H5R)
generated by this new service could represent
approximately 23% of the ridership for the
300 km/h system, compared with 18% for the
200 km/h system.

Approximately 60% of the patronage is forecast
to be non-business and 40%, business. Business
ridership, however, generates approximately 50%
of revenues.

In 2005, first-year revenues in constant 1993%

for the 300 km /h system (for the entire corridor)
would be $900 million and $700 million for the

200 km/h system. In 2025, revenues would be
$1.5 billion (1993%) and $1.2 billion respectively.
With operating costs in the range of 40% of
operating revenues, excluding taxes and
commissions, HSR would generate a substantial
operating surplus, which would improve over
time. ’

Other potential net revenues on the order of
$50 million per year could be generated from the
operation of light freight and small parcel trains
and from station concessions.

Impacts

The levels of diversion of travellers from: their
current modes to HSR would naot reduce the
requirements for additional road or airport
infrastructure investment.

Air carriers could lose 44% of their projected
corridor ridership in 2005. The reduction in
contributions to overhead and profit, when taking
into account avoided invesiments, would be
approximately $99 million per year. In the short
term, the competitive response of the airline
industry may be very aggressive. However, this
may not be sustainable in the long run.

There are no major legislative barriers to the
implementation of HSR, and, on the labour front,
constraints are expected to be eliminated through
changes in collective agreements which will
permit cost-effective operations.

HSR will reinforce the Québec-Windsor
corridor as Canada’s primary urban area and will
tend to reinforce the general trends towards
larger metropolitan areas.

Analysis of the industrial impacts show that
Canada has a strong, fully integrated, interna-
tionally competitive rail supply industry that
could supply 85% of manufactured components
of an HSR system, regardless of the technology.

There is little export opportunity regardless of
technology. Export potential to the US will
depend on HSR projects in that couniry. Most
new HSR projects in the US are expected to be
built in an incremental approach with it
technology on existing tracks. A Canadian F5R
tilt technology project couid potentially generate
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exports of components and services of up to
$860 million over 20 years. A non-tilt technology
could generate exports of $500 million over the
same period. Without such projects, Canadian
exports are estimated at $260 million.

If government funding was financed through
reallocation of capital expenditures of the federal
government and the governments of Québec and
Ontario: .

¢ HSR would have modest impacts on total
output, employment and real income. Over
25 years, for the full 300 km/h corridor scenario,
43,700 person-years of employment, or an average
of 1,750 jobs per year, would have been created
and government debt would be reduced by
$4.5 billion (nominal);

¢ there would be mixed impacts on
employment and output. For example,
employment would increase by approximately
10,500 jobs per year over the construction period.
Approximately 3,400 jobs per year would be lost
over the operating period from 2004 to 2020;

+ economic impacts would be concentrated in
Québec and Ontario, where most of the activity
would take place;

¢ negligible impacts on the tourism industry.

If government funding was financed through
expansion of its debt, real output would be
increased over the course of the operating phase,
but at the expense of a cumulative increase of
$8.3 billion (nominal) in government debt and
increased borrowing from foreign sources. Over
25 years, 193,000 person-years of employment, or
an average of 7,720 jobs per year, would be
created if the full corridor was built.

Positive environmental impacts would be a
reduction of the anticipated increase in intercity
transportation energy consumption in the
corridor, leading to a reduction of atmospheric
ernissions. Public safety in intercity transportation
would also be improved due to reduced car
travelling and the elimination of at-grade road
Crossings.

O the negative side, a new HSR corridor
would create a new barrier, particularly in
inhabited areas. There would be negative impacts

related to increased noise and to crop losses on
high quality land. This impact, as well as noise
impacts, could be reduced through proper
planning and mitigation measures.

Financial Analysis

Total system cost for the 300 km/h technology
between Québec City and Windsor is $10.5 billion
(1993%). A yearly inflation rate of 3% would add
$3.4 billion for a total cost of $13.9 billion.
Financing costs during the construction period
add a further $4.4 billion, for a total cost of
$18.3 billion spent up to 2005.

Total system cost for the 200 km/h technology
between Québec City and Windsor is $9.5 billion
(1993%). A yearly inflation rate of 3% may add
$3.0 billion for a total cost of $12.5 billion.
Financing costs during the construction periods
add a further $4.0 billion for a total cost of
$16.5 billion spent up to 2005. Table 2 presents the
total financing requirements for a number of
scenarios,

The project, taken as a whole, represents a high
financing risk for each party involved.

A wholly-owned private sector option is
neither viable nor financeable, as the private
sector's cost of funds would significantly exceed
the HSR project’s financial returns, regardless of
the considered scenario.

Public sector risk and financial support would
be minimized if construction, operating and
financing risks were to be shared with the private
sector.

Table 3 presents the financial results of selected
scenarios. For the best scenario, Montréal-
Toronto with a 300 km /h technology, the private
sector could support up to a maximum of 28.6%
of the capital costs of HSR while achieving an
internal rate of return (IRR) of 12.3% after taxes.
Within such a partmership, the project could
generate an internal rate of return (IRR) of up to
7.1% for the public sector’s investment, including
tax revenues, or 3.6% excluding tax revenues.
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Table 2 -Financing requirements up to 2005 ($ million)
System costs Inflation Costs in Sr Rg:fi;fj"g Total spent
1933% 3% construction up fo 2005
200 km/h
Cuébec-Windsor 9,450 3,134 3,860 16,444
(via Dorval)
Montréal-Toronto 5,402 1,773 2,229 2,404
{via Dorval}
300 km/h
Québec-Windsor 10,481 3,440 4414 18,341
{via Mirabel)
Montréal-Toronto 6,079 1,969 2,653 10,701
(via Dorval)
Québec-Toronto 7,996 2,619 3,403 14,018
{(via Mirabel}
By modifying the distribution of cash flows (as The financial analysis concluded that

between the public and the private sector), it is
possible to adjust the projected rate of return to
12% for the private sector for any of the scenarios
considered. This would potentially enable each
scenario to be both viable and financeable from
the private sector’s perspective, although at the
expense of the public sector, while still
maintaining a public-private  partnership
structure. However, such a skewing of cash
distributions would weaken the relationship
between risk and reward.

With the private sector IRR fixed at 12%, the
public sector IRR would decline, except for the
best scenarios, L.e., the MOT-D-300 scenario. The
public sector IRR would be less than 3.5%
including tax revenue and negative excluding tax
revenue for all other scenarios. For the MOT-D-
300NA scenario, the public sector IRR would
increase from 7.13% to 8.27%, while the private
sector IRR would decline from 12.34% to 12%.

governments would more than fully recoup their
investment {on an undiscounted basis) within the
first 30 years of operations. On a discounted
basis, at 9%, which is the assumed governznent's
long-term borrowing rate for the purpose of this
study, and considering the conservative estimate
of the residual value, the governments end up
paying a net coniribution to the project. Should
HSR proceed, it is likely that the interest rates at
which a project is financed will differ from those
used in the analysis. It must however be
remembered that the real rate of interest is high
from an historical perspective while inflation is
relatively low.

The Québec-Toronto 300 km/h via Mirabel
scenario yields returns to both the private and the
public sector which are similar to the MOT-M-
300 km/h scenario. It is quite possible that a
300 kph Québec City-Toronto (via Dorval) option
would also be viable and financeable from the
private sector’s viewpoint.
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Table 3 - Financial Results

Best Scenaric
Base Scenarios Cuébec-Taoronto Montréal-Toranto
Québec-Windsor {via Mirabel) {via Doroal - No
airport connection}
200 km/h 300 km/h
. o 0
{via Dorpal) (via Mirabel) 300 kafh 300 ks /.

Public-Private Partnership

Public Sector IRR™M ’ 2.57% 4.56% 5.49% 7.13%

Frivate Sector IRR 9.38% 10.79% 11.04% 12.34%
Project Financing

Maximum % of Private Sector Risk 22.7% 25.3% 26.0% 28.6%

and Financing
Public-Private Partnership
{private sector fixed rate)

Public Sector IRR -7.5% 1.65% 2.52% B.27%

Private Sector IRR 12% 12% 12% 12%
Whelly-Public Financing

IRX Including 4.83% 6.58% 6.80% B.18%

Taxes

1y IRR - Internal Rate of Retum

Table 4 - Cost-Benefit Analyses Results

Best Scenario

o Québec-Toromto 4 edal-Toronto
(uébec-Windser (via Mirabel) .
{via Dorpal)
200 km/h 300 km/h
(wia Dorval) (viz Mirabel) 300 kmi/n MOT-D-300

Cost-Benefit Analysis

Met Present Value
(19938 million) -320 684 763 1,285
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Cost-Benefit Analysis

Table 4 presents the results of the cost-benefit
analysis expressed in net present value for an 8%
discount rate.

The discount rate is a very important factor in
the cost-benefit analysis. The federal government
uses a 10% discount rate in all their analyses. A
7% discount rate was suggested by the
consultants in charge of the benefit-cost analysis
as it approximates the real rate of interest on
borrowed funds in the financial analysis. Also,
this rate is used by Hydro-Québec in evaluating
large hydroelectricity projects.  The three
governments agreed on a discount rate of 8% to
be used as the base case for the purposes of this
study.

With a discount rate of 8% all scenarios are
economically viable except for the 200 km/h full
corridor scenaric. At a 10% discount rate, only
the Montréal-Toronto 300 km/h scenario through
Dorval would be viable. At a 7% discount rate, all
scenarios would be viable.

Consumer surplus, which is an economic
benefit, was estimated at some $21 per passenger,
for a total of $250 million for the Montréal-
Toronto through Dorval scenario.

The cost-benefit analysis concurs with the
financial analysis in concluding that routing
through Dorval is always superior to routing
through Mirabel. The same is true with respect to
technology. Both studies conclude that the
300 km/h technology vields results that are
superior to the 200 km/h technology.

Risks, Assumptions and Sensitivities

Any megaproject the size of the Québec-
Windsor HSR project, whether for the entire
corridor or for the Montréal-Toronto segment,
entails a number of risks and uncertainties. In this
case, the lack of experience with HSR in North
America and particularly in Canadian climatic
conditions creates uncertainty in the ridership and
revenues, in the construction and maintenance of
such a high quality roadbed and in operations in
our winter conditions. Several studies focused on
these specific issues, which were known at the

outset of the study to evaluate the feasibility and
risks, provide appropriate contingencies or
evaluate the sensitivity of the results to various
paramefers.

All efforts have been made tc provide an
objective evaluation rather than a promoters
perspective. In addition to the consultants who
undertook the studies, the three governments
have thoroughly reviewed the methodologies,
input assumptions and results. The major
raitways, suppliers and operators were consulted,
particularly on the issues of construction and
operating costs. The overall demand forecasting
strategy, with the use of three forecasting firmns
and the largest corridor database ever assembled,
was designed to produce reliable forecasts.

A study of this nature can progress and be
completed only if a great number of assumptions
are made. Many are related to the reaction of
existing travellers to HSR and the price they are
willing to pay. Others are related to a number of
issues which influence capital, operating or
financial costs of the project. Finally, other
assumptions are related to the impacts and help
decision-makers evaluate the merits of the project.
A number of sensitivity analyses have been
completed to test the robusiness of the results of
most of the component studies and thus to
evaluate the risks and uncertainties of the project.

The financial returns are most sensitive 1o
variatons In construction costs, the duration of
the construction period, project revenues and to
the terminal value of the project, with real interest
rates potentially a major factor. Should HSR
proceed, it is highly likely that the interest rates at
which the project is financed will differ from
those used in the financial analysis. At present,
the real interest rate is high from an historic
perspective, and inflation is relatively low.

The cost-benefit results are most sensitive to
changes in the discount rate, consumer surplus
estimates, initial capital costs and revenues.

Conclusion

The Steering Committee has a high degree of
confidence in the results of the studies. It believes
that the overall resuits provide a sufficient degree
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of precision to make the following conclusions
and recommendations:

¢ PSR is fechnically feasible;

» HSR would provide a useful addition to
transportation infrastructure but would require
significant resources;

¢ An SR system at 300 km /h is superior to a
200 km /h system in all regpects;

¢ An HSR system would not reduce needed
government investments in infrastructure in other
modes;

¢ HSR could not proceed without significant
goverriument financial resources;

* There is little export opportunity regardiess
of fechnology;

« The Moniréal-Oftawa-Toronto segment
represents the best scenario. Québec-Toromnto is
next best, but was not analyzed to the same level
of detail;

® Some scenarios could be economically and
fingncially viable, depending on accuracy of
projections with respect to construction cost,
ridership and revenues, interest rates, discount
rate and actual inflation;

¢ From an environmental point of view, HSK
would improve public safety and decrease air
pollution, but would have a negative impact on
lend use;

#* The study did not assume a long term
aggressive response from airlines; more work
would be needed on this aspect.

Recommendation

Based on these conclusions, the Steering
Cornynittee recommends that any future work
should only consider very fast technologies.

The following conditions must be satfisfied
before any further work is undertaken:

* The initiative for the next stage lies with the
private sector, who should underwrite at least
50% of the next phase of the project;

* The private sector must agree to take on all
project risks (construction risks and management
of a high speed rail operation) if the project goes
ahead to implementation;

* In view of the fiscal situation of governments
and because, according to the study, 70% to 75%
of the cost would have to be paid by the public
sector, governments should indicate whether or
not they are prepared to proceed with the next
phase, considering the demand for other
transportation and infrastructure investments;

¢ The governments should also take into
account the rate of return of the project.

If all of these conditions are met, the next phase
would include the following elements:

» System design optimizatior;

.+ Environmental assessment and approval;

» Preliminary engineering;

+ Ridership and revenue forecast;

+ Necessary regulatory approvals such as
safety, etc. ’

Even if the above conditions cannot be met, the
Steering Committee  suggests that the
governments revisit the project in three to five
years.
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High Speed Rail Feasibility Study

The Québec-Windsor Corridor extends some
1,200 kilometres from Québec City to Windsor.
The major urban centres in the Corridor include
Québec City, Trois-Riviéres, Drummondville,
Montréal, Ottawa-Hull, Kingston, Toronto,
Kitchener-Waterloo, Hamilion, London and

_Windsor. This area includes 92 percent of the total
population of Québec and Ontario, and 56 percent
of the population of Canada. Figure 1.1 shows the
existing and projected population of the urban
centres in the Corridor.

The potential for a high speed rail (HSR)
system carrying passengers between cities within
the Corridor has been the subject of a number of
previous studies. Prior to the present study, the
Ontario/Québec  Rapid Train Task Force
(O/QRTTE) Report, supported by the Ontario and
Québec governments and released in May of 1991,
was the most comprehensive work on the subject.
The Task Force concluded that it was not possible,
from the information available at the end of the
Task Force's studies, to make a final decision and
recommended further assessments, with the
participation of the Federal Government.

Therefore, on behalf of their respective
governments, the Ministers of Transport Canada,
the Ministry of Transportation of Ontario and the
Ministére des Transports du Québec agreed to
establish a federal-provincial team to investigate
in detail the prospects and implications of
infroducing a high speed passenger rail service in
the Corridor. This study is a continuation of the
work performed by the Ontario/ Québec Rapid
Train Task Force. The present HSR Feasibility
Study is headed by a Steering Committee
composed of the Deputy Ministers from the three
ministries of transportation. The Study, which

began in early 1992, is supported by and actively
involves the three governments as equal partners.

Objective of the Study

On the basis of the O/QRTTF conclusions, the
Steering Committee agreed that the objective of
the present study would be:

To recommend whether or not the
Governments of Canada, Ontario and
Québec should decide to initiate andior
support the development of high speed
passenger rail services in the Québec-
Windsor Corridor.

In order to achieve this objective, the study was
fo:

s determine the market feasibility of such a
service using quantitative means; ]

* identify a specific technology that would
satisfy performance, industrial benefit and
financial criteria;

» identify corridors, stops and interconnections
with other fransportation services;

¢ identify the maximum extent of the service
and the means by which it can be offered by the
private sector and outline eventual government
involvement in the implementation of the service.

The focus of the study was on high speed rail
technologies already in commercial service, which
provide a clear competitive advantage over other
modes available and that have the potential for
development of future generations of rail
technology using the same infrastructure,

This led to the study of medium fast HSR tech-
nologies running at or over 200 km/h and very
fast technologies running at 300 km /b and more.



ONTARICO

Windsor

Toronto

QUEBEC

Kingston £

Figure 1.1 - Existing and projected population of the urban centers in the Québec-Windsor Corridor

Trois-Rivigres

7 000 000
5 000 000
~= 3000 000

340d3Y (puLT - 103{04 110y PIads YSif] OLrIN(-32G71(}



Introduction

Scope of the Study

This study on HSR follows previous research
undertaken by Via Rail in the 1980's, suppliers of
equipment, and by the Ontario/Québec Rapid
Train Task Force. It is differentiated by its use of
‘a new, very large, custom designed database
which focuses on current travel patterns followed
by an intensive effort to develop robust passenger
forecasts. There has also been a thorough detailed
review of the capital and operating costs of HSR.
The level of effort in these areas is substantially
greater than in any other previous study. This
new information has led to the development of a
financial analysis, a review of socioeconomic
impacts and to the undertaking of an original
cost-benefit analysis for the overall Canadian
eConomy.

Recognizing the variety of subject areas to be
dealt with and the number of disciplines involved
in a feasibility study as broad as this, the Steering
Committee decided to commission a number of
component studies. The general work plan, which
presents the component studies and their
interrelationship, is shown in Figure 1.2.

Consultants and experts commissioned by the
Steering Committee after public calls for
proposals have undertaken all these comporent
studies except the development of the
socioeconomic scenarios. Appendix A provides
references for all the reports produced. Indivi-
dual reports were prepared for each component
study. This volume does not include all the results
of the component studies; further details are given
in the individual component studies reports.

As can be seen from the list of the component
studies, this study was intended to be very broad
ranging and fo examine all facets of the require-
ments for high speed rail and its likely impacts
and implications. It was not intended to produce
a final design for an HSR system for the Québec-
Windsor Corridor. Rather, representative techno-
logies were chosen and routings were designed to
develop realistic costs. These were representative
in the sense that they reflected the best practice
available, but were not the final choice for
application to the Canadian Corridor. In fact, a

range of technologies was examined, as were
several routing options. Different route segments
were also considered, including the full Québec-
Windsor Corridor and shorter sections such as
Morntréal-Ottawa-Toronto and Québec-Toronto,

In other countries, passenger rail systems using
steel wheel and steel rail technology operate at
commercial speeds up to 300 km/h and at much
higher speeds in test Operations. In Canada,
passenger rail services operate at top speeds up to
160 km/h. Both Via Rail and the O/QRTTF con-~
cluded that, to provide major improvements over
existing services, an HSR system would have to
reach top speeds of 300 km /h or more. Magnetic-
levitation (maglev) systems were not considered
as no such system is in commercial service in the
world today, moreover, maglev systems have no
particular advantage in the topography of the
Chaébec-Windsor Corridor.

It was recognized that an HSR system would
take a considerable amount of time to implement;
therefore, the earliest date a system could be ex-
pected to be in operation would be around 2005,
To examine the full implications of 5K, a
horizon of 30 years, from 1995 to 2025, was used
in most of the component studies. This was
extended to 40 years in the financial analysis.

This report summarizes the results of the
analyses and the conclusions reached by the
Steering Comunittee regarding the feasibility of
HSR service in the Québec-Windsor Corridor.

Advisory Group

At the outset of this project, the Steering
Comumitiee identified and met the major stake-
holders, namely, the existing  bus
operators, Voyageur Colonial, Orléans Express
and airlines operating in the Corridor, Air Canada
and Canadian Airlines, railway companies, CIN
Rail, CP Rail, VIA Rail, as well as major
manufacturers of rolling stock, ABB and
Bombardier. All agreed to collaborate in order to
ensure the best quality of results. The
collaboration of the operators was particulariy
useful in undertaking the passenger surveys on
the various existing modes.
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Introduction

The railways were part of the review process to
define representative routes. Via Rail made
available all previous studies and working docu-
ments. Its contribution in the process of the
review of capital and operating costs was signi-
ficant.

French National Railways (SNCF) through its
consulting subsidiary Soferail, and Swedish
National Railway Company (5]) through its
consulting firm Swederail, were consulted on the
operating practices and costs. Most stakeholders
were consulted by the consultants responsible for
various component studies.

As reports were nearing completion, the stake-
holders were also asked to review results and
provide comments.

Previous Studies

As mentioned, there have been many studies of
the potential application of high speed rail to the
Québec-Windsor Corridor. It was the
Committee’s intention to build on the results of
these earlier studies, particularly those concerning
the Ontario/Québec Corridor, rather than to start
over. These include:

* Inter-cify Passenger Transport Study, Canadian
Transport Commission, September 1970;

s Alternatives to Air: A Feasibility Concept for the
Toronto-Ottawa-Montréal  Corridor, Canadian
Institute of Guided Ground Transport on behailf of
the Transportation Development Centre of
Transport Canada, July 1980;

* High Speed Passenger Rail in Canada, V1A Rail
Canada, April 1984;

* Review of Passenger Rail Tramsportation in
Canada, VIA Rail Canada, July 1989; ~

* Pre-feasibility Study of a High Speed Rail Service
in the Québec-Montréal-Ottawa [/ Hull-Toronio
Corridor, Bombardier, August 1989;

« Sprintor, Pre-feasibility Study, Windsor-Québec
Rail Corridor, ABB Canada Inc., May 1990;

¢ Ontario/Québec  Rapid Train Task Force,
Ontario and Québec Governmients, May 1991.

During the course of the project, Air Canada
and CP Rail completed a joint study on HSR
ridership and revenues. The results were made
available to the Steering Committee.

The main source of information, particularly for
the routing study, came from the Via Rail 198%
Review. The O/QRTTF was particularly useful in
defining the areas of interest of the current study.
These previous studies were generally less
exhaustive and were based on information
already available from other studies.
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High Speed Rail Technologies

HSE was developed in countries such as
France, Germany, Japan and Sweden to improve
travel times, increase the capacity of existing rail
links and preserve the competitiveness of rail.

terest in the application of high speed rail to
the . Québec-Windsor Corridor has  been
stimulated by improvements in rail technology
and their application in other countries. Although
passenger railways have been in operation for
more than a century and a half and have been
incrementally improved, the modern high speed
rail age can be said to date from 1964, with the
opening of the New Tokaido line between Tokyo
and Osaka in Japan. This was an entirely new
railway line, built to a different gauge than the
rest of the Japanese National Railways, dedicated
to passenger transportation only. The high design
standards used in the construction of this line
permitted maximum speeds of 220 km/h over
moest of the route and the sophisticated signalling
systern permitted very frequent service, with
trains scheduled as closely as five minutes apart.
The original 515-kilometre line has been extended
by ancther 550 kilometres and two new high
speed rail lines have been constructed in Japan.
Maxirnum speeds have been increased to
275 I /h as the technology evolved.

Subsequently, new high speed rail lines have
been constructed in four European countries,
most often as a link within a larger network of
conventional rall,

¢ FRANCE. Three new HSR lines have been
constructed. The Paris-Lyon 425-kilometre line
started its operation in 1981. Trainsets run at their
design speeds of 270 km/h on dedicated tracks
between Paris and Lyon and then continue on to
the southeast regions of France and Switzerland,
on conventional tracks at 220 ki /h.

Subseguently, the TGV-Atlantique and TGV-
Nord were designed and operate at speeds of
300 kmm/h. Accesses to major cities use
conventional tracks as they are already electrified,
grade-separated and equipped with proper
signalling systems.

* GERMANY. German Railways have developed
a program of upgrading strategic routes and
building new, high standard links in the network.
Contrary to the practice in fapan and France,
however, these new and upgraded lines are used
by both passenger and freight trains. In 1992 a
new generation of rolling stock was developed to
operate at 250 km /h on the high speed lines.

* ITALY. Italy has entered the high speed era by
constructing a new 260-kilometre line operating at
250 km/h between Rome and Florence. This line
was built in sections and completed in 1988. It is
intended that the HSR network be extended consi-
derably beyond the original line.

* SPAIN, Although the Talgo tili-train techno-
logy has been implemented gradually over the
vears, in 1993 a new high speed line was cons-
tructed between Madrid and Seville. As in the
case of Japan, the new line was built to standard
track gauge and is therefore separate from the
remainder of the Sparish rail network, which uses
a different gauge. The main service is provided by
trainsets patterned after the French TGV system.
In addition, however, the Spanish have adopted
a type of train that can pass from the new
standard gauge line to the remainder of the
systern. The new line is used by passenger trains
only.

In other countries, incremental improvements
to existing lines have been implemented to
increase speed. In Great Britain, intercity trains
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travel at 225 km/h and in Sweden, the X-2000
runs at 200 ki /h.

In Sweden, Italy and Spain, passenger trains
have been designed with car bodies that tilt
outwards as they go around curves. The purpose
of the tilting mechanism is to compensate for the
centrifugal force which causes discomfort to
passengers when passing through tight fumns at
high speed. A tilting train can therefore negotiate
a curve at a higher speed than a conventional
train while maintaining passenger comfort. The
purpose of this innovation is to permit higher
speeds on existing lines that are already
electrified. A similar system of tilting trains was
developed in Canada in the 1970's in the form of
the LRC trainsets.

In Sweden, improvements to the 456-kilometre
main line between Stockholm and Géteborg were
implemented as a complete system that included:

+ tilfing trains;

» some improvements to the infrastructure,
particularly at-grade road/rail crossings;

+ improvements to signal and other control
systems.

The combination of these measures resulted in
a new high speed system, with top speeds in the
order of 200 km /h. The line continues to be used
by conventional trains and by freight traffic.

In the United States, the Northeast Corridor
between New York and Washington has been
upgraded so that most of the line presently allows
speeds of up to 200 km/h. Plans call for 240 km/h
operation in the near future.

HSR projects are in the planning or design
stages in other countries such as Russia, Korea
and Taiwan.

All of the above systems, except for the
Canadian LRC, are electrified, that is, electzicity is
supplied directly to trains from overhead wires.

Representative Technologies

Although it was not the Committee's intention
to ‘select a specific technology, the necessity of
referring to specific technologies in order to
determine capital and operating costs and other
potential impacts became apparent. Based on the

results of the O/QRTTF, two types of high speed
rail technologies were examined for potential
application in the Québec-Windsor Corridor:

+ medium fast (200-250 km/h) technologies
incorporating tilt-body features, as developed in
Sweden and Italy. Tilting mechanisms allow
trains fo go faster around curves without
sacrificing passenger comfort; and

* very fast (300+ km/h) technologies without
tilting capability, similar to HSR systems of Japan,
France, Germany, Spain and Italy. These
technologies operate on dedicated tracks with a
geometry that enables the trains to maintain their
cruising speeds.

To be considered as a candidate representative
technology, an HSR technology had to meet the
following qualifications:

» the technology must be currently in
commercial service;

» it must be capable of providing intercity irip
times that represent a clear competitive advantage
over other transportation modes serving the
Québec-Windsor Corridor; and

s itmust have the potential for development of
future generations of equipment operating on the
same infrastructure. :

300+ km/h Non-Tilting Technologies

Three technologies within this family meet the
basic requirements:

s the GEC-Alsthom TGV (Train & Grande
Vitesse), manufactured by GEC-Alsthom and
operated by French National Railways. Several
varieties of equipment are operated. The TGV-
Atlantique model was retained as typical of the
French technology. The TGV is the only system in
revenue service that currently operates at
300 km/h. The TGV-A also has the longest
operating history of the three, having entered
service in September 1989;

* the InterCity Express or ICE, operated by
German Railways and built by a Siemens-led
consortium. The ICE entered fleet service with
German Federal Railread in June 1991. The ICE
fleet is limited to 250 km/h due to track geometry
and environment constraints;



Québec-Ontario High Speed Rail Project - Final Report

¢ {he Shinkansen Series 300, designed and
operated by the Central Japan Railway Company.
The Shinkansen Series 300 EMU equipment
entered commercial service with JR Central in
mid-1992, and thus has only a short service
history. The Series 300 equipment is restricted to
270 km/h in service due to the alignment
gecmeiry of the JR Tokaido line on which it
operates. At the time of the review, only a few
Series 300 trainsets were in service, although the
fleet size grows as deliveries continue.

[Due fo its highest commercial speeds, long
opersting history and data availability, the GEC-
Alsthom TGV was selected as the representative
technojogy for the 300 km/h family.

200-250 kem/h Tilt-Body Technologies

Two technologies within this family meet the
basic reguirements:

v the ETR-450, designed and built by Fiat and
operated by Italian State Railways; and

# the X-2000, designed and built by ABB and
operated by Swedish State Railways.

The ETRH450 has a longer operating history,
having entered revenue service in early 1988.
Italiar: State Rallwavs (FS) now has 15 nine-car
ETR-450 trainsets i service. The ETR-450
operates at a maximum speed of 250 km/h. The
X-2000 entered service with Swedish 5State
Railways in September 1990, and operations have
been expanding as deliveries continue and the
fieet grows in size, The Swedish X-2000 operates
at a maximum speed of 200 km/h. An
unmodified production trainset has been tested at
250 km/h on high-speed track of German Federal
Railways, while a slightly-modified trainset
leased to Amirak for demonstration purposes
reached 248 km/h during tests on the North-East
Corridor between New York and Washington.

In terms of operating history, the ETR-450, in
service since 1988, would seem to be a good
candidate to be the representative technology for
this family. However, this technology has been
upgraded and changed considerably, including
changes in major subsystems. The X-2000, on the
other hand, is uniikely to undergo major altera-
tions over the period of interest to the Project. It

was considered that, because of this stability, the
X-2000 would be a better representative tech-
nology for the requirements of this project.

Technology Assessment

As the chosen technologies were already
operating successfully in other countries, a
detailed technical evaluation of these technologies
was not performed.

The technology assessment focused on the
following issues:

» safety and conformity with Canadian
standards;

« potential problems related to HSR operation
in Canadian climatic conditions;

» Ré&D status;

« specific requirements for a Canadian project;

« design standards (discussed in the routing
chapter); and

« potential environmental impacts related to
each technology (discussed in the environmental
chapter).

Technical visits to operators in Sweden, Italy
and France by the consultant responsible for this
study permitted the gathering of a great deal of
information on all aspects of the systems and their
operations. Discussions were held with ABB and
Bombardier (the North American licensee of the
TGV technology) to review data and assumptions.
Discussions were alse held with Transport
Canada and the Federal Railway Administration,
which regulates railway safety in the US.

Safety and Conformity with Existing Standards

One of the major difficulties experienced by the
manufacturers and potential] North American
operators is the fact that HSR trainsets, though
very safe, do not meet some North American
standards. Most notable is the requirement for
longitudinal strength of locomotives and cars
commonly called “buff load”. The European or
ULC standard sets this load at 400,000 Ibs,
compared with 800,000 lbs for the United States
and Canada. This has a major bearing in the
structural design of the trainsets.

HSR trainsets must, at some point, particularly
in urban areas, share tracks or right-of-way with
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conventional rail. Because of this situation, there
must be some commonality in the standards.
After discussion with the manufacturers,
Transport Canada and the Federal Railway
Administration of the United States federal
government, the following conclusions were
reached:

» FEASIBILITY OF ADAPTATION TO NORTH AME-
RICAN VEHICLE STANDARDS. The builders of the
rolling stock for the two representative systems,
ABB and Bombardier, committed themselves to
meeting those standards. This would require
changes in the TGV power car and the X-2000
power car, coach and driving ftrailer. Such
adaptations appear feasible.

¢ FEASIBILITY OF MODIFYING OTHER EXISTING

REGULATIONS. The prospects for compliance

appear encouraging in the Canadian context,
where Transport Canada'’s Safety Group has been
emphasizing performance-based standards and
pragrnatic resolution of safety issues rather than
specifying detailed standards and practices.

* AT-GRADE CROSSING REQUIREMENTS. On the
new high speed lines built in Japan and Europe,
there are no at-grade road-rail crossings. In
Sweden, the X-2000 does operate at speeds up to
200 km /h on existing lines with grade crossings.
As explained later in this report, it was decided
that all new lines would need to be completely
grade separated from crossing traffic. For opera-
tion on existing lines, some grade crossings may
be permitted, but with track speed limits of
200 km/h or less and with increased levels of
crossing protection.

« NON-REGULATORY RULES AND PRACTICES. At
issue are differences in operating rules and
practices between Canadian and foreign HSR
operators. The review encompassed train
crewing, maintenance practices and general skills
requirements. The main conclusion was that,
while there remain significant differences in
operating philosophies, VIA Rail has been taking
measures that have narrowed the gap between
Canadian and offshore productivity and that
there should not be insurmountable problems in
operating HSK services in Canada.

Adaptability to Canadian Climatic Conditions

Canadian climatic conditions will affect
infrastructure design and construction, as well as
achievable system performance. Principal issues
include the effects of ice and snowfall on the
limits of safe operation and on the behaviour of
tracks, vehicles and electric overhead, signalling
and control systems.

No HSR system has been designed or currently
operates at speeds of over 200 km/h in climatic
conditions comparable to those in Canada. Such
conditions include freeze - thaw cycles, extremely
low temperatures (-50°C) wide temperature
variations either daily or seasonally, freezing rain,
wet snow, large accumulation of snow or ice, and
others. These conditions may affect not only the
operations and speeds but also the infrastructure
design.

in France, there is practically no tolerance for
vertical movement of the HSR tracks. This is
significantly different from Canadian rail or road
conditions.

The major challenge remains in the design and
construction of stable track structures under the
demanding freeze-thaw and geotechnical
conditions found in the Québec-Windsor
Corrider. A comprehensive design review for
Corridor climatic conditions should be integral to
the development of an HSR system in Canada.

Research and Development Status

A review of current research and development
related to the representative technologies was
undertaken to identify activities that have the
potential to reduce capital costs and to improve
cost effectiveness and efficiency in the Canadian
context. The findings of this review are relatively
optimistic with respect to the representative
technologies themselves, but less so with respect
to the infrastructure. There is a rather broad range
of corridor-specific, regulatory and institutional
issues that will have to be resolved before any of
the candidates’ technologies can be deployed and
operated in the Québec-Ontario Corridor. Accord-
ingly, it is clear that there is important R&D work
that could coniribute to the successful transfer of



10

Québec-Ontario High Speed Rail Project - Final Report

these technologies. The areas where R&D appears
Necessary are:

» subgrade and track structure stability;

« adhesion management (wheel/rail);

= cost efficiency;

« improvement in design of grade-separation
structures;

= optimization of catenary and pantograph
designs for Canadian conditions;

« investigation of active pantograph control
sirategles and techniques;

» lmpacts during construction, common to any
major linear facility project; and

» impacts during operation, such as noise and
vibration, electromagnetic fields and increased
raffic noise and congestion in the vicinity of
stations and terminals.

Most active R&D initiatives affecting HSR in
gereral and the two representative technologies in
particular do not farget areas of particular
relevance to Canada. The current initiatives in
France focus almost entirely on adding capacity
and increasing performance, which may well
improve the financial returns for additions to the
existing network by providing better-positioned
transportation products, but generaily do not
address these issues. In Sweden, there is quite a
broad range of R&D projects that have either been
recently completed or are ongoing.

Specific Issues

© PERSONS WITH SPECIAL NEEDRS. Canadian
policy states that all modes of transportation
should be accessible to all travellers including
seniors, persons with disabilities, strollers, etc.
The representative technologies as implemented
i Burope do not meet all these objectives. HSR
services in the Québec-Windsor Corridor would
be fully accessible. High-level platforms would be
used at stations and ferminals to eliminate any
need for wheelchair Lifts.

¢ BpasIBLITY rFOR  LIGHT FREIGHT. The
movement of light freight on HSR lines and /or on
H5R tramns, as done in the U.S,, France and
Germany, appears to offer potential for revenue
enhancement with little marginal cost to HSR

operations. Such services are offered in separate
cars of passenger trains or in dedicated trains.

« COMPATIBILITY OF INFRASTRUCTURE WITH
FUTURE GENERATIONS OF TECHNOLOGY. HSR
technology is not static. Improvements are
continuously being made. Each of the candidate
technologies and the characteristics used in the
study was examined to ensure that the
infrastructure standards would be compatible
with future generations of equipment. It was
found that basic physical compatibility is not an
issue; however, the ability to fully exploit
performance improvements will be. For example,
the “representative” alignment for the 200-
250 km /h family has been laid out for 250 km/h
curves. The next generation of X-2000 rolling
stock will be developed for 250 km/h, and further
developments are possible. Similarly, the
300 km/h design speed of the current version of
the TGV does not represent the ultimate speed

" limit. In fact, the next generation of TGV is

designed to operate at commercial speeds of
350 km./h. Germany's ICE is designed to operate
at 280 km/h. The design of any HSR system
should not preclude future upgrading.

+ HSR RELIABILITY. The representative techno-
logies exhibit a very high level of operational
reliability, backed up by systematic preventive
maintenance that is intensive by North American
standards. As a first-order indicator of system
reliability, 97% of TGVs operating on dedicated
tracks in France arrive on time, as do more than
95% of the X-2000s.

Conclusion

Two types of high speed technologies were
selected for further analysis for potential
application in the Corridor, a medium fast (200-
250 km/h) technology incorporating tilt-body
features and a very fast (300-350 km/h)
technology without tilting capabiiity.
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Scope and Results

None of the studies previously conducted has
been conclusive as to the most appropriate
routing. Estimates have been questioned and none
has really addressed the constraints and
difficulties of building and maintaining HSR
tracks in the Canadian environment.

The objective of this study was to examine
alignment options and station locations in order
to identify those routings that offer high com-
mercial speeds, lower capital costs and better
market penetration while taking maximum
advantage of the attributes of the technologies.
Representative routes were developed to provide
the basis for analysis of capital and operating
costs, operating characteristics and other impacts
of HSR systems in the Corridor. The intent was
also to compare the costs of using existing right-
of-way versus new corridors.

A representative route for these corridors is a
route or alignment selected because it
incorporates physical design attributes consistent
with the technical criteria and represents a
potentially  cost-effective,  environumentally
acceptable solution.

A two-phased approach including a mulii-
criteria comparative evaluafion led to the
selection of three types of routes on which more
detailed analysis was completed for the purpose
of cost estimation:

« corridors making maximum use of existing

railway trackage or right-of-way for the 200 km/h
sCenario;

. corridors making maximum use of existing
railway trackage or right-of-way (ROW) for the
300 km/h scenario; and

« corridors made up largely of completely new
right-of-way outside major urban centres for the
300 km /h scenario {green field scenario).

The findings of a comparative analysis of the
three types of routes led to the development of
two composite representative routes made up of
a combination of optimized segments. Significant
capital cost savings where achieved by accepting
design speed reductions in a few locations where
they did not significantly increase travel time.

Figure 3.1 presents the routes for both technolo-
gies. Table 3.1 describes these routes.

The 1,228 km route for the 200 km/h
technology is composed of 32% or 400 km of new
ROW and the balance of existing rail ROW. It was
assumed that 450 km (37%) of ROW could be
shared and that 378 km (31%} of ROW wouid be
acquired specifically for HSR use.

The 300 km /h route has 1,235 km of trackage.
The station-to-station distances add up 1o
1,251 km because 16 km of line between Laval
and Montréal are included in both the
Québec/Montréal and the Ottawa/Moniréal
sections. The new trackage is estimated at 650 km
(52%) and 317 km of existing ROW would need to
be acquired. The remaining 288 km (23%) of ROW
would be shared.

The following presents a brief description of the
routes and the differences between the 200 km/h
and 300 km/h scenarios.

Windsor-Toronto

'From Windsor the existing CP Rail roufing is
used on the assumption that the CP Rail freight
can be consolidated on other rail lines in the area,
In London, the 300 km/h routing uses a new
suburban routing around the city with a suburban
stop. The 200 km/h line includes a roufing
through the city on existing right-of-way with a
station in the vicinity of the former CF sfation.
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Table 3,1 ~- The base case routes

200 km/h Route 300 km/h Route
Route Section Length o Length o
(k) Description (iom) Description
Windsor - London 184 Existing rail route 193 Existing rail route
London - Toronto 185 New route 181 New route
; ,. Toronto-Napanee: existing Toronto-Cobourg: existing
, Toronto - Kingston 257 Napanee-Kingston: new 239 Cobourg-Kingston: new
Kingston - Ottawa 152 New route 152 New route
Existing right of way to Existing rail routes with
Ottawa - Montréal 177 Rigaud. Existing rail route to 194 new section through
Montréal Mirabel
Montréal - Québec 273 Existing rail route 272 Existing rail route
Total - Station-to-Station 1,228 1,251
Total - Trackage 1,228 1,235

* 16 km of line between Laval and Montréal are inciuded in both Ottawa-Montréal and Montréal-Québec sections.

Toronto-London

Between London and Toronto, both routes
follow a new alignment that passes between
Kitchener and Cambridge. This new routing
continues to the proximity of Pearson Airport.
From this point an existing CN alignment is
followed to Toronto Union Station.

On this section, the candidate routes included
a line via Dundas (passing close to Hamilton) and
lines that passed through the Grand River towns
area (Kitchener/ Waterloo, Cambridge and
Guelph). Ridership analyses indicated that
ridership potential is slightly higher for the latter
routing. It is anticipated that Hamilton will be
connected to Toronto by a frequent rail service
operated by GO Transit so that passengers can
quickly connect to HSR services. In addition, the
routing via the Grand River towns would pass
near L.B. Pearson International Airport at
Toronto, offering the possibility of a considerable
number of passengers connecting between HSR
and air services {connect-air}. Accordingly, it was
decided that the routes for both representative
technologies would use the more northerly
corridor to reach Kitchener.

Montréal-Toronto

Based on the resulits of the Ontario-(uébec
Rapid Train Task Force and other studies, a single
spine routing with trains between Moniréal and
Toronto passing through Ottawa was adopted.
This avoids the duplication of infrastructure
associated with the present VIA route structure
where separate Montréal-Ottawa-Toronto and
Montréal-Toronto routes are operated. However,
it does add approximately 40 km to the Moniréal-
Toronto routing, but with top speeds of 200 km/h
to 350 km/h, this would enly add between 15 and
7 minutes to the through journey compared with
a more direct routing.

Toronto-Kingston

Qut of Toronto both alignments follow the
existing CN right-of-way. For the 300 km/h
technology, the routing leaves the CIN line near
Cobourg and follows a new alignment tc the
north of Highway 401. The 200 km /h follows the
existing CN right-of-way approximately up to
Napanee, This routing then follows the 300 km/h
route on a new alignment.
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Kingston-Ottawa

A new alignment is used by the routes for both
technologies up to Smiths Falls. From Smiths Falis
to Ottawa, the existing CN right-of-way 1is
followed to Ottawa.

Ottarwa-Montréal

Between Ottawa and Montréal, the two
alignments are completely separate. The base 300
km/h routing follows the north shore (of the
Otawa River) and travels via Mirabel airport and
Laval to Montréal (using the existing Mount
Royal Turnel). The 200 km /h routing follows the
M and O subdivision (owned by VIA), on the
south shore of the Ottawa River and an existing
rail corridor on Montréal Island next to Dorval
Alrport, ending at Central Station. In addition, a
300 kmi/h technology scenario was analyzed on
the 200 km/h south shore routing between
Montréal and Ottawa to find its cost and ridership
implications. Other routes are possible and have
net beent fully examined due to the scope of this
study. For example a route serving Mirabel and
then crossing to Ontario further is possible and
was studied in the initial phases of the routing
study.  Further work would be necessary,
particularly in this request, to make a final choice.

Duébec-Montréal

Between Québec and Mentréal, the route on: the
north shore of the St-Lawrence was preferred due
to the availability of the existing CP Trois-Riviéres
subdivision, the larger market at Trois-Riviéres,
nc crossings of the St-Lawrence River and
potentially lesser environmental impacts. Both
routes use the CIN Mount Royal Tunnel and a new
connection to the CP line through Laval and then
follow the CP line along the north shore (of the St.
Lawrence River) to Québec. There are minor
differences between the two routes in the extent of
improvement to the routes in the Trois-Riviéres
ares.

Stations

Potential station locations were defined in
order to estimate travel times and for use in the
estimation of ridership and revenue. The criteria
used were as follows:;

* theneed to provide access to ISR services in
areas with potential to generate significant
revenues for HSR services;

* a desire to provide stations in urban areas
with convenient inter-modal connections to the
road system and to local urban transit systems;
and,

s the need to limit the number of stabions in
order to improve end-to-end travel times.

Since, in all cases, existing railway routes were
used to enter the major cities, the trains would not
be travelling at very high speeds along these
segments, it was believed that suburban stations
would be desirable in the larger metropolitan
areas to provide easier automobile access to H5R
service. They would also provide more direct
access to large areas of the suburban portions of
the metropolitan regions.

The potential HSR routes are adjacent to three
major airports, Dorval or Mirabel in the Montréal
area and Pearson in the Toronto area. Initial
ridership projections suggested that the potential
for ridership to and from these airports would be
substantial. It was therefore assumed that stations
at or close to these airports should be provided,
and that, in the case of Dorval and Pearson, they
would also be used by suburban transit.

Based upon this rationale, the following station
locations were developed:

« Québec downtown, located at the existing
Gare du Palais station;

« Québec West in the Ancienne-Lorette area;
- Trois-Riviéres;

. Laval in the northern Montréza] suburbs;

» downtown Mentréal at Central Station;
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« on the south shore routing (200 km /h route)
adjacent to Dorval Airport, in the Montréal
western suburban area. On the base 300 km/h
routing via Mirabel, westbound trains would stop
at Laval and at Mirabel Airport;

. in the Ottawa-Hull area, on the 200 km/h
routing, there would be one stop at the existing
station. On the 300 km/h routing, a new station
could be located either in Hull or south of the
river in Ottawa proper;

« in or near Kingstory;

» Toronto suburban east;

+ Toronto downtown at the existing Union
Station;

- adjacent to L.B. Pearson International Airport
in the Toronto west suburban area;

« in the Kitchener/Cambridge area;

- London; and

+ Windsor.

In the Windsor area the route and station
location were developed so that trains could
ultimately travel through to Detroit and link up
with potential HSR corridors in the U.S. although
the potential impact of this enhancement was not
included in the scenarios analyzed in this project.

Design Standards

The routes were developed on the basis of
infrastructure design standards for each of the
two families of technologies.

Alignment

The design standards for alignment were
developed assuming ultimate maximum
operating speeds of 250 km /h for the tilting train
technology and 350 km/h for the non-tilting
technology. The design standards for horizontal
curve radii were 2,000 m or more for the 20G-
250 km/h technology and 6,000 m or more for the
300+ km/h technology. With respect to grade, the
same standards were used for both technologies:
a desirable grade wouid be 2% or less with a
maximum of 3.5%: in the future, with new
generations of rolling stock, up to 5% might be
permissibie.

These design standards were used in the

development of new routes except where full
adhererce to these standards would result in

unacceptably high capital costs, or where trains
would be operating at lower speeds in any case,
for example, on alignments approaching station
stops in urban areas. Table 3.2 gives an indication
of the distances required to accelerate from stops
or to decelerate from higher speeds.

Table 3.2 - Accelerating and decelerating
distances

Distance to Reach  Distance to Stop from

Technal
eenaogy 2000/ 300k 200 kw300 kg

Tilting 200 km/h . ... Skm N/A 3.8k N/A

Non-Tiltng300km/h  52km  I6km  4km  2km

Track Structure

Investigation of current HSR track structures in
Europe has revealed that, for new constraction,
there are virtually no differences in the basic track
structure for the two technology families. In
developing the infrastructure requirements fox
each technology, a typical arrangement of frack
structure elements has been developed based on
information and drawings provided by Swedish
and French HSR authorities. Figure 3.2 illustrates
the track structure standard adopted with =
minimum spacing of 4.5 metres between center
lines of track. The track infrastructure should be
a 13.90 metres.

Routing Issues

As potential corridors were examined, there
were a number of issues that had to be addressed
in developing actual routes. Most of these issues
had to do with the extent to which HSR trains
could use existing tracks and/or existing rail
corridors rather than constructing entirely new
lines. Much of this discussion centered around
safety issues. Resolution involved extensive
discussions by project staff with representatives of
the Rail Safety Group of Transport Canada as well
as meetings with the Federai Railway Administra-
tion (FRA) in Washington, D.C. to ensure
conformity with North American standards anc
practices.

It was established that, for the Canadian appli-
cation, each representative technoelogy could be
modified to achieve equivalence with existing
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Figure 3.2 - Typical HSR cross-section
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FRA regulatory standards and industry
practices as defined by the AAR (Association of
Arnerican Railroads). This removed technology
compatibility as a major factor in establishing
right-of-way requirements and safety measures
for shared frack or shared right-of-way operation.

The same assumptions were made for both
technology families in the various right-of-way
scenarios since their basis is not related to
technelogy but primarily to operating speed. This
approach leads to the definition of specific
infrastructure scenarios for use along the
highspeed rail roufes associated with an
acceptable operating speed range. These scenarios
and the basis for their application are outlined in
the following subsection.

High Speed Rail Sharing Existing Track With and
Without Special Conditions

The sharing of existing, well-maintained track
by high speed rail services with conventional
commuter or freight service, without any special
reconstruction or operating and maintenance
conditions was assumed fo be acceptable
provided the maximum operating speed for the

high speed rail service would not exceed
160 km/h.

In a track-sharing operation scenario where
high speed trains would exceed 160 km /h, it has
been assumed that improvement of the existing
trackage would be necessary and special
operating conditions would be applied. The
improvements and special conditions would
relate to track construction, maintenance and
inspection, signalling and train control, training
and operating procedure. Based on the guidelines
developed during the study, the maximum
acceptable operating speed for high speed trains
would be 200 km/h under these conditions.

High Speed Rail Using Existing Rail Right-of-Way

The next question to be addressed was whether
dedicated HSR tracks could be included in
existing railway right-of-way. Sharing a right-of-
way implies 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;
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* construction of high speed tracks next to an
operating railway; and

* relocation of existing conventional tracks to
accomumodate high speed tracks within the right-
of-way, if land acquisition is to be aveided.

If new tracks dedicated to HSR 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. The
electrification catenary structure would have to
span all tracks. Fencing could not be placed
between tracks. This minimurm spacing scenario
would only be adopted in areas where widening
of the right-of-way is constrained, or if land
acquisition was very costly.

Safety and operating considerations led to the
conclusion that, as with track sharing, the speed
of high speed rail trains should be limited to
200 km/h on sections where additional spacing
between conventional and HSR tracks is not
provided.

The discussions concerning safety of high speed
rail operations and the review of track separation
practices employed on European and Japanese
systems show that, if higher speeds are to be
permitted, a minimum track separation befween
tracks used by conventional trains and those used
by HSR of 9-10 metres would be advisabie.

Applying the above assumptions for speeds
above 200 km/h to the existing right-of-way in
the corridor shows that sharing of this right-of-
way (typically 30 metres wide) is feasible only by
reiocating existing single or double tracks to one
side or by assuming significant widening of the
right-of-way. While track relocation could be
achieved in specific locations in urban areas,
extensive relocation of track in rural right-of-way
with many existing structures and high freight
traffic volumes is not considered practical.

Given that new dedicated SR tracks need to
be located about 9 to 10 metres away from the
center of existing tracks, there would hardiy be
any room left in an existing right-of-way for the
HSR tracks. Consequently, new right-of-way
would need to be acquired from adjacent land
owners. Sharing right-of-way to this limited
extent is therefore considered of marginal benefit

because the operational issues and institutional
complications associated with a sharing arrange-
ment will likely offset any saving in land acqui-
sition costs. Hence, freight fraffic relocation and
outright acquisition of the right-of-way are the
only feasible solutions.

High Speed Rail Adjacent to Existing Rail Corridors

This scenario represents the case where sharing
or acquisition of an existing right-of-way is notf
considered practical for the reasons discussed
previously but where the high speed rail right-of-
way would share an existing corridor in order to
mitigate the impacts of establishing a new rail
corridor. Generally, this is best achieved by deve-
loping a high speed right-of-way alongside the
conventional rail right-of-way, thereby reducing
environmental impact. However, there could be
situations where the existing adjacent land use
makes it more desirable to place the high speed
rail right-of-way farther away from the existing
corridor, particularly in urban areas.

A configuous right-of-way arrangement as-
sumes a new 40-50 metre high speed right-of-way
alongside a typical 30 metre existing right-of-way.
This arrangement aveids the institutional and
operational complications of a shared right-of-
way scenario and would not carry the cost
premiums normally associated with consiruction
close to an existing operating railway. The
resulting separation between fracks is in the
30 metre range.

Road Crossings of High Speed Rail Right-of-Way at
Grade

Extensive discussions on this matter with the
Transport Canada Rail Safety Group led (o the
adoption of the following assumptions:

* existing at-grade crossings with present
levels of protection could be permitted in areas
where high speed trains will operate at speads up
to 160 km /h;

+ existing at-grade crossings with improved
protection could be acceptable in areas where
high speed trains will operate at speeds up to
200 km/h;
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# no form of at-grade crossing will be
permitted in areas where the speed of trains will
exceed 200 km/h; and

= riew at-grade crossings of high speed rail
right-of-way remote from existing crossings will
not be permitted, regardless of operating speed.

The application of these assumptions led to the
identification of 471 grade separatons and
100 rural fwo-lane roads to be closed, between
Québec and Windsor for the 300 km/h scenario.

Drefinition of Scenarios

The routing and technology studies led to the
definifion of the various scenarios that were to be
carried forth to the various analyses. Table 3.3
presents these scenarios, followed by a brief
description,

The following chapters present the results
mainly for the base case scenarios and for the
Montréal-Ottawa-Toronto scenarios, 200 km/h
via Dorval and 300 km/h via Mirabel, Financial
resuits of all scenarios have been developed and
are presented. Any information that may help to
differentiate a scenarioc is also presented.

Table 3.3 - Routing Scenarios

Although all scenarios were analyzed for the
2005 and 2025 horizon years, results for 2005 only
are provided unless more detailed information is
valuable for decision making purposes.

Base Scenarios

Initially, three base scenarios were identified
for the full corridor. The study was to evaluate the
200 km/h and 300 km/h technologies using
existing rail right-of-way as much as possible and
a 300 km/h “green field” scenario. In fact, the
routing study showed that neither the full “green
field” nor the exclusive use of existing right-of-
way scenarios was the most practical, efficient
and cost-effective option. The most representative
or realistic were combinations of the new and
existing right-of-way scenarios. It also became
apparent that the design criteria and the cost of
the infrastructure for the two technologies were
similar.

This is why for most of the Corridor, the
representative routes are very similar for both
technologies. The access to Montréal either
through Mirabel or through Dorval differentiates
these scenarios.

Base Seenarios
W-M-300

OW-D-200

Moniréal-Toronte
MOT-M-300

MOT-D-200

Alternative Serpices
QW-D-300
MOT-D-300

MOT-D-300-NA

{Juébec-Toronto

QT-pM-300

Québec to Windsor, through Mirabel, 300 km/h

Québec to Windsor, through Dorval, 200 km/h

Montréal-Ottawa-Toronto {to Pearson Airport), through Mirabel, 300 km/h

Montréal-Ottawa-Toronto (to Pearson Airport), through Dorval, 200 km/h

Québec-Windsor, through Dorval, 300 km/h
Montréal-Ottawa-Toronto (to Pearson Airport), through Dorval, 300 km/h

Montréal-Ottawa-Toronto (to Union Station), through Dorval, 300 km/h, no airport services

Québec-Toronio (to Pearson Alrport}, through Mirabel, 300 km/h
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Two base scenarios have therefore been
identified.

» QW-M-300: Québec-Windsor running at
300 km/h through Mirabel;

» QW-D-200: Québec-Windsor running at
200 km/h through Dorval.

Because of higher ridership on the central
section, the study of an HSR operating exclusively
from Montréal to Ottawa and Toronto (MOT) was
deemed necessary. Therefore results of the
demand forecasts, operating plans and various
analyses and impact studies were requested for
this scenario. It was decided that this MOT stand
alone scenaric was to include the segment from
Toronto Union Station to Pearson Airport as this
is considered an essential link.

Two other scenarios, using the same route as
the full corridor, were thus studied:

= MOT-M-300: Montréal - Ottawa - Toronto
running at 300 km/h through Mirabel;

«» MOT-D-200: Montréal - Ottawa - Toronto
running at 200 km/h through Dorval.

Alternative Services

To evaluate the impact of serving airports,
some additional variants were defined. Because
the route through Dorval was slightly shorter and
could therefore attract more passengers, it was
decided to evaluate the possibility of operating
the 300 km/h technology on the 200 km/h route
between Montréal and Ottawa. The geometry 1s
practically the same for both routes. Some
adjustments in costs were made for grade
separations.

Furthermore, the Montréal-Ottawa-Toronto
segment was evaluated with and without the link
to Pearson Airport for the 300 km/h case going
through Dorval. Three other scenarios were
therefore identified.

» QW-D-300: Québec-Windsor running at
300 km/h through Dorval;

« MOT-D-300: Montréal - Ottawa - Toronto

(Pearson Airport) running at 300 km/h through
Dorval;

» MOT-D-300-NA: Montréal-Ottawa-Torento
running at 300 km/h through Dorval but
stopping at Union Station in Toronto.

The ridership, operating and infrastructure
costs were adjusted to reflect the conditions of
each scenario.

Québec-Toronto

The operating, capital and infrastrizcture costs
were developed for this scenario only for the
300 km/h base case route via Mirabel. It was
carried through to the financial analysis but the
other impact studies were not carried through
due to time and budget constraints. It was also
analyzed in the cost benefit analysis. The identifi-
cation used for this scenario is QT-M-300.

250 km/h and 350 km/h

Because the technologies were evolving, it was
decided to obtain the basic information relative to
the operating costs and ridership associated with
running at 250 and 350 ki /h. This information
was not carried through to other studies but is
available for future reference.

Conclusion

The present study, which constifutes the most
intensive analysis of civil costs routing of HSR in
corridor, did not define final routes for HSR but
only “representative” routes. This was required
to carry out more detailed system cost estimates,
{rip times and revenues projections. As would be
expected, more study would be needed on
routing, for example between Montréal and
Ottawa. Options such as a route serving Mirabel
and then crossing over to Ontario further west
was not studied in detail.

The above mentioned scenarios provide a
reasonable scope of scenarios to undertake the
financial and economic analysis.
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Scope and Results

‘The development of reliable passenger and
revenue forecasts for High Speed Rail services in
the Québec-Windsor Corridor is a fundamental
requirement for decision making on the viability
of the project. The methodology for developing
the forecasts included an extensive analysis of the
existing supply of transportation services and
their usage by passengers in the Québec-Windsor
Corridor and extrapolation of these trends to the
future. Models were then developed to examine
potential diversions to HSR and the possible
development of new additional trips prompted by
the existence of HSR. This chapter describes the
assurmptions and methodology that went into the
forecasting effort, as well as the results.

The GSteering Committee made two key
decisions with respect to demand forecasting:

# three different approaches to forecasting
were used and three demand forecasting
consultants were retained: Sofrerail, Charles River
& Associates (CRA), Transportation Economics
and Management Systems Inc. (TEMS). The
intenton was to compare the results achieved
using the different techniques and forecasters
and, through comparison and reconciliation, to
achieve a greater understanding of potential
demand. The U.S. High Speed Rail Association
guidelines for demand forecasting also recom-
mend that a variety of approaches be used for
demand forecasting. The Australian Very Fast
Train project adopted a similar approach, using
three different forecasting consultants;

® an exfensive survey effort was undertaken in
different seasons to find how the composition and
voluzne of passenger flows vary over the year on
existing modes of transportation. This was
conducted in response to the perceived
deficiencies of previous data collection efforts in

the Québec-Windsor Corrider, which were
limited to a single season.

This process resulted in the development of
forecasts of ridership and passenger revenues,
shown in Table 4.1, for the two base scenarios:

Table 4.1 - Ridership and revenue forecasts,
2005

OW-D-200 QW-M-300
Annual Passengers
(thousands) 10,065 11,867
Revenues (1993 millions) 694 887
Overall Strategy

Figure 4.1 shows the overall strategy used for
the development of the passenger forecasts. Some
notable points with respect to this process are:

» the forecasting consultants were retained
early in the process so that they could provide
input to the data collection process;

* the gathering of data on existing travel habits
(the “origin/destination” surveys) was much
more extensive than in any previous project in the
Corridor;

» in addition, information on potential consu-
mer responses to HSR (“stated preference”
surveys) was collected;

+ the three forecasting consultants used the
same input assumptions and the same base data
on travel characteristics;

* the forecasting consultants were each asked
to develop an HSR fare structure that wouid
maximize fare revenue; and



Figure 4.1 - Québec-Ontario HSR project overall market analysis strategy
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@ the structures of the models developed and
the results achieved were compared. From this
comparison, a final set of forecasts was
developed.

Existing Transportation Supply

The Duébec-Windsor Corridor includes the
national capital, two provincial capitals and six of
the ten largest mefropolitan areas in Canada
{Toronto, Montréal, Ottawa, Québec, Hamilton,
Kitchener and 5t Catharines-INiagara).

Highway Network

The cities in the Corridor are served by an
extensive intercity highway system. All major
cities are linked by freeways with one exception:
there is no continuous freeway route between
Toronto (and other points to the west) and
Ottawa, although such a link is proposed by the
Omtarie Ministry of Transportation (MTO).

The freeway network provides a high level of
service and recurring congestion is very limited
except during peak periods in the two major
conurbations within the Corridor, Toronto and
Montréal.

FPublic Modes

Intercity bus services are operated on the high-
way network by a variety of carriers. Weekday
frequencies are summarized in Table 4.2. The
freguencies between major cities shown in Table
4.2 show only express runs with limited
intermediate stops. In addition, there are local
runs that operate on major routes providing
access fo smaller communities.

An extensive network of air services is also
provided, mainly by Air Canada, Canadian
Airlines International and their regional affiliates.
The frequency of air service is also summarized in
Table 4.2. In addition, there are several smaller
airports in the region where scheduled and non-
scheduled services are available.

VIA Rail Canada Inc. operates intercity
passenger rail services along the length of the
Corridor. The frequency of service is given in
Table 4.2. The most intensive services are offered
in the Moniréal-Ottawa-Toronto triangle. Rail

speeds have been improved in recent years so that
the current fastest travel times are:

« Québec-Montréal 2h 42m
+ Montréal-Toronto 3h 59m
« Montréal-Ottawa 1h 59m
. Ottawa-Toronto  4h 02m
« Toronto-London 1h47m
« Toronto-Windsor 3h 35m

Table 4.2 - Public modes in the Québec-
Windsor Corridor
Summer 1994 daily one-way frequencies (weekdays)

Q/D Pairs Bus Air Rail
Québec-Montréal 16 24 4
Moniréal-COttawa 22 15 4
Montréal-Toronto g 44 6
Ottawa-Toronto 7 40 4
Toronto-Londaon 13 via 18 5 via Brantford

Hamilton 2 via Kitchener
6 direct
Toronto-Windsor 3 11 4

Characteristics of Existing Travel in the
Corridor

Previous surveys of travel in the Québec-
Windsor Corridor were undertaken in 1969 and
1988. The Ontario/Québec Rapid Train Task
Force found some inadequacies in the 1988
survey, in that it covered only one season of the
year and that not all the public mode carriers
participated in the survey. It was therefore
decided that this project would include a new
collection of data on travel patterns in the
Québec-Windsor Corridor. Two types of surveys
were commissioned:

* origin/destination studies, which examined
the current characteristics of travel in the Québec-
Windsor Corridor including trip purpose, party
size, and choice of modes;

¢ stated preference surveys, which asked
passengers questions about tradeoffs between
modal characteristics such as travel times, fares
and frequencies. These were designed in
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coordinaton with the forecasting consultants and
were based on a much smaller sample.

Origin/Destination Surveys

The purpose of the origin/destination (O/D)
surveys was to establish the characteristics of
travellers on the four modes of transportation
available within the Québec-Windsor Corridor:
the air, rail and bus common carrier modes and
the private automobile. Generally, the travellers
were asked the same questions for all modes: the
origin and destination of each trip, the party size,
the sociceconomic characteristics of the travellers
and additional information on the trip itself
including access modes used and access time and
costs at either end of the trip. All public mode
carriers and ministries of transportation within
the Corridor cooperated in the survey.

The survey methodologies used differed
somewhat by mode, in the following aspects:

* for the rail and bus meodes, interviewers
travelled aboard the vehicles. Self-administered
guestionnaires were handed out and collected by
the interviewer. The interviewers were available
o assist in answering any questions. Passengers
on 234 trains and 162 bus runs were interviewed;

s for the air mode, interviewers entered the
departure lounges. Self-administered question-
naires were handed out. As many as possible
were collected after completion in the departure
lounge. In addition, an equivalent number of
mail-back questicnnaires were handed out to late-
arriving passengers. Fassengers on 322 flights in
the Corridor were interviewed;

* for the auto mode, licence plate numbers
were recorded at ten locations in Ontaric and
Québec. The registered owners of the vehicles
were fraced through the licence records of the two
provinces and of the states of Michigan and New
York. Questionnaires were then mailed out,
asking for details of the specific trip on which the
automobile was observed. Only trips longer than
50 kilometres were subsequently coded.

In response to the limitations of earlier data
collection efforts that measured fravel behaviour
in the Québec-Windsor Cerridor, it was decided
to analyze travel patterns for all seasons of the

year. Consequently, three waves of surveys were
undertaken:

* in August of 1992 to measure sumuner travel
behaviour;

* in October/November of 1992 to represent
both the spring and the fall seasons; and

* in January of 1993 to represent winter
behaviour.

The largest previous O/D survey conducted in
the Corridor took place in 1988, It was sponsored
by VIA Rail. The number of completed surveys
from that previous survey and the current project
are outlined in Table 4.3.

Table 4.3 - O/D survey interviews by mode

VIA 1988 HSR 1992/93
Air 4,317 12,393
Rail .vveniinnnn, 6,721 13,696
BUS ..ueieaiannann 852 9,152
AU ..o 9,285 26,227
Total ..o 21,185 61,468

As the surveys were being conducted,
information was collected on the fotal volumes of
travellers for each mode within the Corridor, This
information was then used to expand the samples
to the universe of fravellers within the Corridor.

Results of Origin/Destination Surveys

The total passenger market in the Corridor
encompasses some 109 million person-trips per
year. The auto (trips 50 km and more) accounts
for 99 million. The most used public mode is air
(4.1 million person trips), followed by rail
(2.9 million) and bus {Z.6 million).

Table 4.4 shows some characteristics of fravel in
the Corridor, based on the expanded results of the
surveys. Table 4.5 presents some fravel charac-
teristics between specific city pairs. Some general
observations are:

* auto trips (counting only those 50 km in
length or more) account for 91% of the 109 million
annual person-trips along the Québec-Windsor
Corridor. Currently, rail carries 2.7% of all
traveliers;
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Table 4.4 - Summary of existing travel in the Québec-Windsor Corridor

MODE
Total Aulo Alr Rail Bus

Total Person Trips {auto trips 50km in length or more - millions of trips) 10B.6 29.0 4.1 2.8 2.6
Share of Tapsby Mode oo 100% 91.2% 3.8% 2.7% 2.4%
Purpese of Trip -

BUBIIRE « « .t ottt i e e 21% 19% 73% 7% 17%

R T e sy V= 79% 852% 27% 73% 83%
Duration of Trip .

OWBETEEIT Lo e i s 52% 50% 76% 80% 74%

Average NIZhE AWAY 0ot it e 15 17 3.0 42 as
Digsiination

Within Cormdor ATBE .. ..ttt ittt 95% 95% B84% 95% 97%

Other Provinces, Countries, or Northem Regions ... ......... ... 5% 5% 16% 5% 3%
Farty Size

AVEIAEE L oottt e e 15 20 1.3 14 1.2

Per Person Cost Per Trip (ONe-Way) oo v vv e iniiiii o, $22 $12 $233 850 $36

» pon-business travel accounts for 78% of all
trips and 95% of this non-business market travels
by car;

¢« rail passengers are likely to be travelling for
non-business reasons (73%). This is similar o the
profile of bus and auto travellers. Air travel, in
contrast, is largely skewed toward business
fravellers {73%);

» about half the individuals (52%) travelling
within the Corridor are on an overnight trip. The
average number of days away is 1.9 days. In the
case of current rail passengers, 80% are travelling
overnight, with 4.2 average number of days away
from home;

s some 95% of travellers within the Corridor
travel to Southern or Central Ontario/ Québec.
Only 5% are bound for other provinces, other
countries or northern regions of the two
provinces;

v the average party size is typically quite
small: 1.9 individuals. It is somewhat higher for
auto travellers (2.0) and lower on public medes
(within the 1.7 to 1.4 person range).

Table 4.5 shows the information developed for
some of the major city pairs in the Corridor,

Forecasting Assumptions

As input for the forecasting procéss, the
consultants used the input assumptions and

information on socio-economic and travel charac-
teristics described in the following paragraphs.

Demographic and Economic Forecasts

The first step in the forecasting process was to
examine the underlying trends in population,
employment and other indicators of economic
activity in the Corridor. This was done by the
Transport Canada Forecast Group for the various
areas of the Corridor and reviewed by both
provinces,

- Figure 4.2 shows the popuiation and employ-
ment forecasts for the sections of the Corridor
within Ontario and Québec respectively.

Future Transportation Markets

Based upon the socio-economic forecasts and
trends in the usage of various modes, projections
were made of the likely growth rate of various
existing intercity transportation markets in the
Québec-Windsor Corridor. These forecasts took
into account the likely increase in north-south
travel, which is not oriented along the Corridor.
The forecasts of annual growth developed
{without HSR) were as shown in Table 4.6, as well
as the historical growth rates between 1975 and
1990.
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Table 4.5 - Characteristics of travel between major cities in the Québec-Windsor Corridor {1992}

Québec Moniréal Montréal Ctiatwa Toronto Toronto
Montréal [@ 77737 Toronto Toronto London Windsor
Total Person Trips (000} ... 6,801 4,509 2,979 2,715 4,541 1,288
Mode Split
Antomobile ...l 91.1% 85.1% 39.9% 63.2% 91.4% 84.6%
Alr{Local) ... ivirrnin i e s 0.7% 0.8% 40.3% 7 249% 0.5% 5.0%
Rail (VEA) oo i 2.1% 4.8% 15.8% 7.4% 4.6% T8%
53 TN &2% 9.3% 4.0% 4.5% 3.4% 2.6%
Trip Purpose
BUBIIEES . 1ot iiiiet it i ia i 24.6% 21.2% 47.2% 39.9% 25.9% 23.7%
NON-DUSINESS L iiu i iiine i ciivmaaaaeieaaaa 75.4% 78.8% 52.8% 60.1% 74.1% 76.3%
One-way Cost (per person) (in doilars)
Automobile ... 13 11 22 18 10 16
Afr{Local) ... 197 138 170 189 107 171
Rail (VIA} o 47 38 70 65 32 50
Bl L i et ey 2 27 52 45 26 4z
AVETAZE oo v vttt 16 15 90 65 12 bl

Source: HSR Corridor Study Travel Intercept Surveys, F:'mﬁ Report {CCL).

Figure 4.2 - Population and employment forecasts for the Québec-Windsor Corridor
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Table 4.6 ~ Annual growth rates (%)

1875-1930 1892-2005 2005-2025

Corridor Auto Travel . .. 25 2.1% 2.10
Corpidor Bus Travel .. .. -11 0 0
Corridor Air Travel . ... 3.2 295 2.58
Corridor Rail Travel .. .. 0.2 0 0

Future Levels of Service on Other Modes

Assumptions were also made about the future
levels of service on other modes of travel, with
and without the introduction of high speed rail.
The main assumptions were:

+ for the auto mode, ravel conditions wouild
remain essentially as in 1992 except for the
construction of a confroled-access highway
between Highway 401 and Ottawa between 1992
and 2005, resulting in reduced travel times
between Ottawa and points west. Congestion was
assumed to have no serious effect on intercity
iravel during the forecast period. Auto operating
and capital costs would not change between 1992
and 2005 but would increase 15% by 2025;

» bus services would remain essentially as
available in 1992 except for the impact of the high-
way improvements expected between Highway
401 and Ottawa. Effective frequencies would
remain as in 1992, Fares would decrease to 95% of
1992 levels inn 2005 but would return to 1992 levels
in 2025;

» air services would remain essentially
unchanged from those operated in 1992. There
would be no change in real fares between 1992
and 2005 but they would rise to 110% of 1992
fares by 2025 because of increasing fuel costs;

= penventional VIA passenger rail services
would be discontinued as the parallel HSR
services are infroduced. Because of the more
restricted stopping pattern of HSR, this would
result in the removal of passenger rail services
from some intermediate points. It is expected that
existing bus services will adjust their capacity to
HH the void left from non-HSR via services that
would disappear. For segments of VIA service
that remain in operation, in the case of

construction of partial lengths of the Corrider,
runring times would improve by 10% by 2005;
frequencies and fares would not change.

HSR Travel Times

Three types of train services were foreseen:

* local trains, (multig,;le stops) which serve
every station in a sector (i.e. Montréal-Québec,
Montréal-Ottawa-Toronte "or  Southwestern
Ontario). The first train in any hour was assumed
to be a local train;

* express trains, which serve only Québec,
Montréal, Ottawa, Toronto and Windsor without
stopping at intermediate stations.

* super express trains, which operate non-stop
between Montréal and Toronto (travel time of
2 hours 18 minutes).

A train performance model was used to
analyze the potenfial running times of trains to
provide input to the forecasting of ridership. The
resulfing estimated running times, inciuding
allowances for station stops and slack and
recovery times are given in Table 4.7, for the
200 km/h and 300 km/h services .

Table 4.7 - HSR trip times
(Hours and Minutes)

200 kovh
via Dorval

300 kov'h
via Mirabel

300 kev'h
via Daorval

Express Local Express Local Express Local

Québec-Montréal  1:34 1:45 11z 124
Montzéal-COttawa  0:58 1:02 0:57 105 0:46 0:50
Ottawa-Toronto 2:10 2:18 1:36 1:46

Moriréal- 3:13 3:25 2:38 2:56 2:26 41
Toronto™

Toronto-London 0:58 111 0:41 0:58
Toronto-Windsor  1:56 2:09 124 1:39

* Including stop at Otrawa.

Trains were generally scheduled within the
three major segments of the Corridor, Québec-
Montréal, Montréal-Ottawa-Toronto, and
Toronto-Windsor. Trains running through from
one segment to another are also possible as
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schedules can be coordinated between segments.
For the base 300 km /h Québec-Windsor scenario
(via Mirabel), passengers travelling from east of
Montréal to west of Montréal can transfer in Laval
rather than journey from Laval to Central Station
and back. In addition, a through {rain concept
with Québec-Ottawa trains reversing at Laval was
also found to be possible but, because of limited
through passenger demand, practical in peak
hours only.

Train Schedules

Provision was made for two classes of service,
first class and economy. For the 200 km /h techno-
logy based on the X-2000, a 282-seat trainset
concept was used. The 300 km/h technology
train based on the TGV-Atlantique would have a
total of 358 seats per trainset. Trainsets can be
operated either singly or coupled together.

Representative daily schedules were developed
through an iterative process based on the
response of the demand models and the
calculated travel speeds shown above with the
capacifies of the ftrains. Departures were
scheduled from 6:00 a.m. to 9:00 p.m. The number
of daily trains required were estimated as shown
in Table 4.8. The on-season represents peak
periods of travel during the summer months.

Despite the lower demand, the frequencies for
the 200 km/h technology are higher because of
the lower capacities of the 200 km/h trains.

As population and economic activity increase,
the frequencies would be increased. For example,
by 2025, the number of daily trips between
Ottawa and Toronto is expected to increase to 38
off-season and 48 on-season for the 200 km/h
system and fo 39 and 49 for the 300 km/h system.

Comparison of Inputs

Based on the above assumptions on the level of
service on existing travel modes and the results of
HSR ridership forecasting, Table 4.9 provides a
comparison of typical door-to-door travel times
and costs according to trip purpose for the
Moniréal-Toronto run. The operating costs shown
for the private auto are the marginal out-of-pocket
costs paid by the driver, adjusted by party size to

give a per person cost. For business trips, a full
cost based on distance rates typically used for
business travel, adjusted for party size.

Table 4.8 - Estimated daily one-way
frequencies, 2005 -

QOW-D-200 OW-M-300

Qudbec-Montréal

Off-season . ... voovnn. 14 13

Ore5€aS011 . vvvenenne 17 16
Montréal-Ofawa

Offseason ........... 21 20

On-season ........... 24 23
Montréal-Toronio

Offeseason . .......... 21 20

On-season «coovevarns 24 23
Ottawa-Toronto *

Off-sgason . .....ooove 27 7

On-58a50R .....cu0ann 33 33
Toranto-Lendon

Off-5ea500 . . v vvav s 16 15

On-season ........... 1% 18
Torento-Windsor

Off-season . .ocvvvnn . 8 8

Omn-5eason . ..ovvnne.- 9 9

* Including Montréal-Teronto trains stopping in Ottawa.
Forecasts

As described previously, three separate fore-
casting models were developed. Results for 2005
are presented in Figure 4.3, The Steering Comn-
mittee reviewed and analyzed the results of these
demand and revenue forecasts and found that
while all of the forecasts had positive aspects, all
had shortcomings either in the development of
the model or in its application. Although the total
diverted forecasts were similar, their source and
magnitude by O-D vary widely (e.g. the degree of
diversion from the auto as opposed to the degree
of diversion from public modes}. The projections
and calculations of induced firaffic differ
significantly among the forecasts. There are major
differences in results for some key segments {e.g.
Montréal-Québec and Ottawa-Toronto) and the
differences in cormect air (airport feeder} tratfic
are significant. These differences made the final
cheice of one forecast a difficult one.
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Table 4.9 - Comparison of typical travel times and cost inputs, Montréal-Toronto, 2005

Input Variable Local Air (VIA} Rail Bus Auto HSR®
Time (Hours and Minutes)
Access/Egress/Terminal ............. 148 1:33 1:29 - 1:30
Line-Haul (In-Vehicle)® . ............. 1:15 4:30 6:38 6:20 2:18®
Departures perday .. ... 45 12 18 N/A 36
Cost (Business) (§) '
Access/Egress ...l 36.40 19.10 15.80 - 18.6C
Fare®™ e e 175.00 85.00 48,40 - 132.60
CUperating Costs {per person) .......... - - - 122.00 -
Total Costs (Businessi (B) ....... ... ... ... 211.40 104.10 64.20 122.00 151.20
Costs {Non-Business) (3}
Access/Egress ... oo 15.00 7.40 4.90 - 7.00
Fare®™ e 119.00 64.00 46.60 - 88.20
Operating Costs (per person) ... ....... - - - 22.00 -
Total Costs (Non-Businessi ($) .............. 134.00 71.40 51.50 22.00 105.20

(1} ISR service shown in 300 km/h via Mirabel, Québec-Windsor Corridor (QW-M-300).
(2) Travel time and fares shown are weighted averages developed in the composite forecasts.
{3) HSR travel dmes vary by scenarios and by number of stops.

Figure 4.3 - Results of the three forecasting models, 2005
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Unanimity on the choice of one forecast was not
reached, although the necessity of using a single
forecast was recognized. The governments agreed
that the CRA and Sofrerail models produced the
more credible results. Therefore, it was decided
that an averaging of their results would be a
compromise approach. It should be noted,
however, that the ridership and revenue
projections produced by these two firms for the
Montréal-Ottawa-Toronto segment are very close
and that this alleviates some of the concern about
the use of averages.

The resulting composite forecasts for the year
2005 are summarized in Table 4.14 for all scenario
studies. The highest ridership is achieved by the
300 km/h technology on the south shore routing
between Monitréal and Ottawa (via Dorval). This
is true for both the entire Québec-Windsor
scenario and the Montréal-Ottawa-Toronto
scenartos.

Figure 4.4 shows the sources of the high speed
rail ridership, that is, the mode that these
travellers would otherwise have used if high
speed rail were not available, for business and
non-business travellers for the fwo base scenarios
(200 km /h and 300 km/h systems/ routes for the
entire Corridor). Two types of air passengers
would be attracted to HSR. “Local air” passengers
are those who would use HSR for their entire trip
rather than air, “Connect air” passengers are
those who are expected to use HER to access an
airport for a longer trip; for example, someone
going from Québec to Florida might use HSR
between Québec City and Dorval and then an
airplane from that point. In addition to the
travellers who are expected to be diverted from
other modes, there are large numbers of
passengers who would not otherwise make a frip
in the Corridor whe are “induced” by the
presence of convenient and fast HSR services.
Also, existing travellers who may fravel more
often because of the greater efficiency of the
system. These trips are shown on Figure 4.4 as
well.

Intra-corridor Traveling

It was found that a very high proportion of
traffic is carried within one of the three segments,
that is, Québec-Montréal, Montréal-Ottawa-
Torento and Toronto-Windsor. For example, in
the QW-M-300 scenario, out of a total of
11,867,000 riders, 11,099,000 or 93.5% were
travelling within one of these three segments and
only 767,000 were travelling between segments.

2025 Ridership

Beyond 2003, ridership is expected to increase
because of growing population and employment
and because of higher levels of income. Between
2005 and 2025, HSR ridership is expected to
increase by 53% for the 200 km/h system and 58%
for the 300 km /h system.

HSR Revenues

The revenue forecasts are presented in
Table 4.10. These revenues include taxes (GST and
provincial sales taxes) and are based upon fare
structures deveioped by the forecasters.

Operators in the intercity transportation
business have become adept at improving
revenues by segregating the markets that they
serve and charging the maximum fare in each
market. For example, both airlines and VIA have
various advance booking fares. They use this
method to segregate the market of leisure
travellers (who presumably have the ability to
book ahead) from the business travellers {who
require greater flexibility).

Forecasters were asked to use their models to
“optimize” fares charged in each of the various
markets to maximize revenues. They were
restricted to the extent to which they could do this
by the structure of the models. One of the fore-
casting models makes projections based on city
pairs by time of day and by trip purpose {(business
and non-business). The other methed projects
travel in each market by type of trip.



30

Figure 4.4 - Sources of ridership in 2005
{thousands of riders and percentage)
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WIA Rail (1,550) 154%
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Connect Air {536) 3.3%
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QW-M-300

Induced Travel {1,856} 1R.4%

Anto (4,634) 39.1%

VIA Rail (1,5
Bus {827) 7.0%

86) 13.4%

Local Air (1,613) 13.6%

Induced Travel (2.681) 22.6%

Y
Total: 11,867Connect Air (525) 4.4%

Table 4.10 - Summary of HSR ridership and revenue forecasts for 2005

- f Ridership (thousands) Revenues ($1393 millions)
Forecas

Business Non-Business TOTAL Business Non-Business TOTAL
QW-D-200 .. .. .. 3,523 6,541 10,065 320 373 694
QW-M-300 ... .. 4,356 7,511 11,867 429 457 887
QW-D-300 ... ... 4,731 7,726 12,457 472 472 944
MOT-D-200... .. 2,273 3,346 5,619 217 210 428
MOT-M-300 .. .. 2,870 3,776 6,646 294 254 550
MOT-D-300.. ... 3,191 3,968 7,158 331 266 598
MOT-D-300NA . 2,990 3,772 6,762 310 250 560
OT-M-300 ...... 3,505 5,343 8,848 359 354 713

Note:  MOT-D-300NA does not connect with airports.
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The result of this analysis of potential fare
levels are shown in Table 4.11 and compared with
the fares for other modes. Generally, the projected
HSR fares are considerably higher than the VIA
fares but lower than air fares. The revenue
forecasts shown in Table 4.10 reflect the
optimized fares developed.

For the base case, revenues for the 300 km/h
scenario are nearly 28% higher than for the
200 km/h scenario, although ridership is only
18% greater due to the fact that optimized fares
are higher for the 300 km/h scenario. This same
relation applies for the Montréal-Ottawa-Toronto
scenarios.

Table 4.11 - Optimized fare comparison (19925)

Local Air - VIA Rail Bus HSR

Meontréal-Québec

Non-business .... 144 41 29 66

Business . ........ 206 54 30 87
Montréal-Ottawa

Non-business .... 147 26 26 40

Business ......... 210 43 al 67
Montréal-Taranto

Non-business .... 119 64 49 98

Business .. ....... 178 BS 51 133
Oitawa-Toronto

Non-business ... 143 57 42 89

Business . ........ 193 72 30 111
Toronto-London

Non-business .... 121 26 25 38

Business......... 108 38 21 57
Toronto-Windsor

MNon-business ... m 43 40 68

Business ......... 177 56 40 88

Note: HSR fares shown are weighted averages developed in the
composite forecasts for the QW-M-300 scenario. Fares for
other modes are averages from passenger survey data.

Impact on Other Modes

HSR will offer higher levels of service but also
impose higher fares than existing VIA services.
The resulting predicted impact on total passenger-
kilometres in the Corridor is illustrated in Figure
4.5 (passenger-kilometres are typically used as a
measure of output in the transportation industry).
Total kilometres of travel will increase because of
the induced travel. HSR will replace existing VIA
services in the Québec-Windsor (QW) scenarios.

HSR will also attract passengers from the auto
and air carriers would lose 44% of their projected
Corridor ridership in 2005. The bus mode will be
affected in three ways. Some bus passengers will
be diverted to HSR; bus will gain riders from
those VIA passengers who do not want to pay the
higher HSR fares; the bus mode will also attract
riders from those communities that will not be
served directly by HSR because of the reduced
number of stations.

Other Revenues

Light Freight Revenues

The transportation of light freight, small parcels
and postal services can be an attractive source of
revenue for an HSR system. In France, the TGV
has a2 number of dedicated freight services to
accommodate part of this market. In Canada,
small parcel services are an important source of
revenue for airlines, bus operators and dedicated
express freight carriers.

Figure 4.5 - Québec-Windsor Corridor intercity
travel
Passenger-kilometres by mode
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Three potential sources of light freight weze
evaluated: courier traffic, less-than-truckload
(LTL) traffic and air cargo traffic moving by truck.
Two types of operation were considered: special-
ized light freight cars on mixed trains versus
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dedicated light freight trainsets running during
the day or at night. Similarly, two potential roles
were considered for the high-speed operator: that
of a courier {retailer of transportation service)
versus that of a carrier (wholesaler of transporta-
fion service).

It was found that the volumes of courier and
LTL traffic moving within the Québec/Windsor
Corridor are considerable. The HSR operator
would be more likely to succeed in this market by
assurning the role of carrier or wholesaler by
offering cost-effective transportation, particularly
in city pairs with traffic imbalances or small
vohunes of courier traffic, It was found that light
freight could be handled on passenger trains,
although the very limited station dwell times
makes this mode of operation inefficient. Any
light freight HSR system should use dedicated
trainsets running at night.

Light freight HSR operations on the scale
required to carry the estimated traffic were
developed in sufficient detail to estimate capital
and operating costs. The resulting capital costs
range from 591 million to $228 million depending
on the scenario. Net operating revenues are
estimated at $16 million at start-up for the
Mortréal-Toronto segment and to $49 million for
the full Corridor, as presented in Table £.12.

By 2025, these revenues are expected to
increase to some $90 million (1993 §) for the two
base cases (QW-D-200 and QW-M-300).

Table 4.12 - Light freight net revenues in 2005
{1993 % millions)

Scenario QW-D-200 QW-M-300 MOT-D-200 MOT-M-300

2005 49 48 17 16

Other Potential Revenues

Other potential revenues where investigated
but where not retained due to the very small
cantribution or relatively high uncertainties.

Income generated by onboard services is
expected to cover their operating expenses.
Revenues generated by station concessions will be

limited to approxirately $1 million per year due
to the limited space in the stations, and the fact
that the station facilities may not be owned by the
HSR operator. Revenues generated by leasing the
right-of-way for communication lines or other
utilities are most uncertain because of the
existence of other possible routes and evolving
technology.

Conclusions

Faster travel times generate more ridership and
revenues. The 300 km/h technology would
initially generate close to 12 million riders and
revenues for the first year of operation would be
close to $900 million (1993%) for the entire
corridor. The 200 km/h technology would
generate over 10 million riders and revenues for
the first year of operation would be close to
$700 milkion.

The Montréal-Ottawa-Toronto sector represents
close to 50% of the total ridership, and Québec-
Toronto approximately 75%.

Approximately 80% of HSR ridership would be
diverted from other modes in the corridor. 40%
would be diverted from the automobile, 18% from
air, 15% from VIA Rail and 8% from buses.

The automobile mode will continue to be the
dominant intercity passenger mode. Air travel
within the Corridor wili be reduced considerably
and the bus industry will be unaffected by the
introduction of HSR.

In total, the number of passengers forecasted
for a HSR train is four times the existing traffic of
VIA Rail in the corridor, with trip time reduced
by up to half, frequency multiplied by up to 4 and
greatly improved reliability because of dedicated
double track.

The success of an HSR project is very
dependent on the number of riders attracted. It is
difficult to set a level of confidence on the
ridership estimates, but the methodology used
was designed to bring as much confidence as
possible in this most important aspect of the
project. The methodologies employed to increase
the Jevel of confidence included:
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e the use of three forecasting consultants
working in parallel. In fact, the consultants
produced similar levels of ridership and revenue;

e the conduct of the most extensive set of
surveys ever carried out in the Québec-Windsor
Corridor;

* an independent review group compared the
various models and analyzed the results.

No forecasting model is perfect, and each has
its shortfalls. Results must be reviewed carefully,
particularly when using disaggregated results.
The comparative exercise has been very useful to
define a proper forecast in which the Steering
Comurnitiee has confidence for the current decision
process.



Capital Costs

Scope and Results

High speed rail, as other types of railway
investment, is very capital intensive. Capital costs
are often the key determinants of system viability.
In this project, a considerable effort was therefore
made to develop reliable capital cost estimates.
The developed costs for each HSR scenario are
based upon the routes described in Chapter 3. The
costing was based on a defailed analysis of
current costs, but without field studies of soil
conditions and other variables. The costs are
believed to be accurate within +20 percent.

This chapter presents an overview of these
costs, For the two Québec-Windsor base scenarios,
initial capital costs up to the first year of operation
(2005), expressed In constant 1993 &ollars, are
shown in Table 5.1. These costs do not include any
provineial or federal taxes, nor import duties.

Table 5.1 - Initial capital costs
{1993 5 millions)

QW.-D-200 QW-M-300

10,254

initial Capital Costs

6,278

Capital Costs of the Base Scenarios

A breakdown of total capital costs for the
200 ki /h and 300 km/h scenarios from Windsor
to Québec City is provided in Figure 5.1. These
costs are comprehensive and include initial costs
such as comumissioning, allowances for adminis-
tration, start-up and training. All cost categories
inciude an allowance for contingencies ranging
irom 5 to 30 percent. When these various contin-
gencies are combined, the amount included in the
total is less than 10 percent.

The 200 km/h base scenarioincludes some at-
grade road crossings. Full grade separation of the
200 km/h route would save approximately
$100 million in crossing protection costs but
would add $600 million for additional grade
separations for a net increase of $500 million.

Figure 5.1 - Capital cost breakdown
Civil Works :
Track and electrical ~ ErCaN———RRRARLT

Rolling stock

! ‘
Grade separations — e

Signals, communications W

Right of way —aaaer

|
Stations e
H

Maintenance facilities g

7 QwW-M-300

B owbo

I ¥ T I i L

0 500 1000 1500 2000 2500 3000
1993 § miliions

Soft costs

The costs included in each subsystem item are
described in the following paragraphs.

Civil Works

This subsystemn comprises all work required to
construct the roadbed down to the bottom of the
ballast layer of the high speed rail lines, including
bridge structures, viaducts over valleys and
tunnels. Grade separations are covered in other
subsystems. It includes the cost of clearing land,
excavating cuts, hauling fill and spoil materials,
compaction, providing culverts, ditches and
fencing, and correcting interferences caused by
pipe and wire crossings. It also encompasses the
cost of capping the earthworks with a layer of top
quality material to serve as a sub-ballast.
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Costs associated with technical feasibility
studies and the environmental evaluation of the
project are also included here, as well as the cost
of implementing measures to mitigate most
environmental impacts.

Track andVElecfrtﬁ'cation

All costs associated with providing the new
high speed track structure from the bottom of the
ballast to the top of rail fall under this subsystem.
This encompasses provision of new main track
and passing and maintenance sidings. Also
included are rails, ties, ballast, fastenings, other
track materials, special track materials for
turnouts, switch machines, switch heaters, and
bumping posts.

Removal of existing rail lines and construction
of new tracks to maintain rail traffic and service to
clients of the freight railways during construction
are aiso included in this subsystem.

This subsystem comprised all costs associated
with the electrification using 25 kV A.C. power.
These facilities include the catenary and support
structures, electrical substations, feeder lines from
the electrical utilities, as well as any modification

to overhead siructures, fto obtain necessary
electrical clearances for the catenary and protec-

tion of adjacent signalling and tele-
communications  systems against electrical
interferences.
Rolling Stock

Based on the ridership forecasts (described in
Chapter 4), the fleet required for the full Québec-
Windsor Corridor in 2005 is 60 trainsets with a
capacity of 282 passengers for the base 200 ki /h
scenario (QW-D-200}. The base 300 ki /h scenario
(QW-M-300) requires 50 trainsets seating 338,
including allowances for spares and maintenance.
By 2025, as traffic grows, it will be necessary to
acquire an additional 19 trainsets for the
200 km/h scenario and an additional 16 trainsets
for the 300 ki/h technology. These additional
costs are not included in initial capital costs. The
initial fleets required for these and other scenarios
are given in Table 5.2,

Fewer trainsets are required for the 300 km/h
technology, despite the higher demand for these
services, because the frainsets have greater
capacity and because of their higher productivity
in terms of kilometres operated per day.

-
Re-using existing infrastructure and track

In the routing chapter, the operating constraints
relative to sharing existing tracks or right-of way were
discussed. In addition to this issue, the use of existing rail
roadbeds was extensively evaluated. The nature of
materials, the drainage quality in the existing roadbed
and its vulnerability to freeze-thaw action causing
instability and potential rail movement is a key factor in
assessing rehabilitation needs. A second major consider-
ation is the requirement to convert the largely singie-
track existing right-of-way cross-section into the high
quality double-track roadbed specified for high speed
rail operations.

The conversion of existing tracks requires the removal
of the existing track structure including ballast since
existing rail, Hes and fasteners are not considered suit-
able for HSR service. Some re-use of good quality ballast
may be possible but his would require selection, cleaning
and stockpiling. As the existing roadbed sub-ballast layer
is of very variable composition and generally no more
than 300 mmun thick, this material would almost certainly
have to be removed. Re-use of this material would
require screening to remove unsuitable material and

stockpiling so that it could be used as general £ill for the
new wider roadbed earthworks.

Widening of the existing general earthworks to
accormnmodate the HSR double-track cross-section re-
guires significant reworking to achieve the necessary
standards for high speed rail operafions. Nevertheless,
savings in overall material required are likely, due to re-
use of suitable existing fill.

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
considered 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
complications of construction adjacent to existing operat-
ing tracks in the shared right-of-way.

Where high speed rail tracks are located 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.
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Table 5.2 - Initial rolling stock requirements

Seenaric No. of trainsets

required in 2005
OW-D-200 .. .......... 60
OW-M-300 ..ol 50
OW-D-300............ 50
MOT-D-200 0.0 37
MOT-M-300 .......... 32
MOT-D-300 ... 31
MOT-D-300NA ..., 28
OT-M-300 ............ 40

- No additional trainsets have been included in
the fleet to serve the superpeaks - the fifteen or so
days per year when demand is greatest. On those
days, additional service may still be offered by
extending the peak service segment of the day
earlier in the afterncon and later in the day and
by ensuring maximum availability of equipment
through appropriate maintenance scheduling, as
is done in France.

Grade Separations

This subsystem includes all costs associated
with maintaining the high speed right-of-way free
of potential vehicular or animal obstruction. In
addition to grade separations with roads, it
includes grade separated farm crossings where
required and the costs for closing and/or
diverting roads to avoid grade separation.

Where existing grade separations must be
modified to allow for additional tracks, the cost of
such work is included here. In terms of
contracting for construction, all these iterms would
typically be included with earthworks and
bridges.

Where level crossings with automatic crossing
protection have been considered for the project,
the costs for crossing protection have been
included in this subsystem so that the full costs
for resolving the crossing issue (separation or pro-
tection) can be easily compared, irrespective of
the adopted solution.

Signals and communications

HSR operations reguire sophisticated signal
systems. This item covers the total cost of design-

Single versus double track

Given the lower passenger densities and train fre-
quencies in the Québec-Windsor Corridor compared to
other routes in the world, the feasibility of constructing
single track rather than full double track was
investigated, at least for inifial operation. In order to
reduce the delay caused by trains passing one another,
the amalysis of the comparative benefits of single vs.
double track included the development of a track layout
with 7.5 kin-long doubile track sections spaced at 21 km
intervals. Operational analysis indicated that each train
having to enter the siding to aliow a train coming the
other way 1o pass would be delayed about five minutes,
conditional upon trains meeting as scheduled. There
would be longer delays if one or the other of the two
trains was behind schedule. Because of this eventuality,
some addifional slack would probably have to be added
to the schedules of all trains, A single track section also
does not provide the same flexibility for scheduling all
trains and for scheduled or unscheduled maintenance. In
a double track system, single track running can be
implemented when required,

oy

The main advantage of a single track section is, of
course, lower capital cost. Given the likelihood that the
routes would have to be double-tracked within a short
period, it was decided to investigate the cost implications
of single track construction, with earthworks for two
tracks put in place initially, including bridge foundations
for the second track. Under this scenario, electrification
would be built only for the single track, but all sub-
stations required for the eventual double track line
would be included. Under these assumptions, including
the double track passing sections, the reduction in initial
capital cost was found to be dose to 5% of the total
capital costs.

Ultimately, it was decided that, in the base case, only
the section between London and Windsor would be
initially constructed with single track (with double track
passing locations) because of the relatively low frain
density expected on this section. Since the single-track in
this section had practically no effect on the schedules, it
was assumed that there would be no impact on ridership
O revenues,
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ing, implementing and commissioning a TVM 430
signalling system for the 300 km/h system and a
TVM 300 for the 200 km /h technology. An HSR
system also requires communications along the
entire network as well as a communication centre.

Right-of-Way Acquisitibn

This subsystern is intended to include all costs
associated with acquiring the land required to
build the project. This comprises land for new
right-of-way, for widening or outright purchase of
existing right-of-way, for constructing grade
separations and for stations. The acquisition costs
include the compensation that will be paid for loss
of property value and loss of business revenue
resulting from the acquisition. It also encompasses
land that may have to be purchased or other
expenses necessary to acquire or extinguish

crossing rights. Legal and professional fees .

associated with the acquisition process are also
included. It does not include any costs for the
sharing of existing rail right-of-way.

Stations

This subsystem includes all costs associated
with the construction or modification of stations.
This includes the stations themselves, as well as
providing track-side platforms and their access
ways, services and utilities, associated roadways,
parking areas, and landscaping.

Maintengnce facilities

Existing VIA rolling stock maintenance facilities
in Toronto and Montréal were inspected. It was
found these are adaptable to HSR equipment
maintenance. Therefore, the maintenance facilifes
are provisionally in the existing VIA locations.
This item also includes the track maintenance
facilities as well as yard tracks in such facilities.

Soft Costs

This subsystem includes the provision of infor-
mation systems to cover a variety of functions
inchuding internal management information
systems, passenger reservation systems, etc.

This item covers all costs associated with
training and operations start-up. I covers the cost

of commissioning and integrating all the
subsystemns. For example, it is comunon fo have a
period of “trial” running of new HS5R systems
before paying passengers are accepted. It also
includes administration of the HSR systern, which
will have to be in place before operations begin.

Comparison of Scenarios

Table 5.3 shows total capital costs for all eight
scenarios. The capital costs for the Montréal-
Ottawa-Toronto scenarios are somewhat greater
on a per kilometre basis for two reasons:

* they include costs such as inforrnation
systems, maintenance facilities, startup costs, etc.
which do not vary directly with corridor length;

* because traffic is higher on the Monizréal-
Toronto segment, rolling stock costs are higher.

The overall corridor cost for the 300 km/h
technology includes the north shore route (via
Mirabel) between Ottawa and Moniréal. Use of a
south shore alternative between Otfawa and
Moniréal, routed via Dorval, would increase the
overall cost by $144 million to $10,398 million
because of major civil works in the Hudson area
just west of Montréal.

Table 5.3 - Comparison of scenario costs

Total Capital

Scenario Costs ™ TR Costperfm
(1993 Smiliions)
QW-D-200 ... 9,278 1,228 7.5
Qw-M-300 ..., 10,254 1,235 3.30
QwW-D-300 ... 10,398 1,228 8.47
MOT-D-200 ... 5311 610 8.71
MOT-M-300 ... 5,948 629 9.46
MOT-D-300 ... 5,948 610 4,75
MOT-D-300MNA 5,196 586 8.87
QT-M-30C ..... 7,806 B85 8,582

{1) Excluding ongoing capital costs and capital costs
{including roiling stock costs) of light freight.

Ongoing Capital Costs

The majority of the capital costs are incurred
during construction; however, ongoing capital
investments would be required. For example, for



38

Ouébec-Ontario High Speed Rail Profect - Final Report

the bpase 300 km/h scenario (QW-M-300), an
additional $450 million for rolling stock and
$712 million for other capital costs are required
over the 21 year period from 2005 o 2025.

Light Freight

For the light freight system, additional capital
costs are estimated as shown in Table 5.4, An
additional $150 million is required for investment
in the light freight rolling stock and facilities over
the 21-year period.

Table 5.4 - Light freight capital costs to 2005
(1993 § millions)

Seenario QW-D-200 QW-M-300 MOT-D-200 MOT-M-300

373 228 91 130

Operation at Higher Speed

Although the geometry of the 200 km/h
alignment is suitable for the operation of trains at
up to 250 kin/h, the work covered by the above
estimate does not allow operation at that speed.
This is because this cost is based on the use of
level crossings with automatic protection where
traffic volumes permit. As discussed, providing a
fully grade separated infrastructure acceptable for
operation at 250 kn /h would imply a net increase
of $500 million in capital costs. If the decision to

provide a completely grade separated right-of-
way was made after initial construction with level
crossings, it is estimated that the added cost
would be in the order of $600 million doillars.

The geometry of the 300 km/h alignment is
suitable for the operation of trains at up to
350 km/h. 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 threshoid
acceptance levels. However, it is likely that, with
technological advances, nioise levels of subsequent
generations of rolling stock could decrease and
that additional investment would not be required.

Construction Schedule

Figure 5.2 presents the projected implementa-
tion schedule for the Montreal-Toronto segment.
As indicated, it presumes that the Montréal-
Ottawa portion of the line would be built first,
since the two cities are the nearest major ridership
generating cenires. According to the schedule, the
Montréal-Ottawa segment would take 7 years to
construct and the Ottawa-Toronto segment,
9 vears. Thus, Montréal-Oftawa could begin
operating in 2003 and Ottawa-Toronto in 2005. -

The construction period for the Montréal-
Québec segment is estimated at 8 years and the
Windsor-Toronto segment, at 9 years. The gover-
ning consideration when combining these four

ra

HSR safety measures

The following safety measures have been assumed as
necessary for the analyzed technology/right-of-way
scenarios and are included in cost estimates:

¢+ Security fencing would be provided to discourage
both human and animal intrusion. Fencing designed
specifically for wildlife habitats where larger species are
present would be utilized. For areas where the right-of-
way 15 shared with conventional raif service on tracks
closer than Bm from HSR tracks, the fencing is assumed
10 enclose both the conventional and HSR tracks.

+ If freight frains share the dght-of-way, hot box, hot
wheel and dragging equipment detectors would be
placed no more than 25 km apart.

= Active intrusion detection devices linked to the
traine control system wouild be incorporated in the

™

security fencing design.

» All grade separations passing over the HSR right-
of -way would have intrusion detection measures along
the sides of the structure and approaches to detect
vehicles that have penetrated bridge parapets or
guardrails. The devices would also be linked to the train
conirol system so that an intrusion would be detected
and trains stopped.

Detection systems will be incorporated to ensure the
integrity of the line during occurrences such as
earthquakes, rock slides, snow slides/drifting and
flooding adjacent to the line resulting from beaver dams
or other causes. Precedents for these types of detection
do exist on HSR operations elsewhere in the world and
on non-HSR systems in western Canada.

i
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schedules is the fime required for construction of
the fixed railway plant, due to the need for
specialized construction equipment and materials.
This item should not overlap when combining the
four schedules.

However, for analytical purposes and to allow
flexibility to undertake comparisons of various
segments, the financial and economic studies have
assumed that construction of all segments would
begin at the same time, although this is uniikely.
This results in the following operation start-up
dates for the various segments:

s Moniréal-Ottawa 2003
- Montréal-Québec 2004
. Ottawa-Toronto 2005
» Toronto-Windsor 2005

Risk Factors

An analysis of the degree of accuracy of these
estimates indicates that they should be regarded
as being within a margin of error of x20%. There
are some factors that may lead to change in costs.
These are:

+ USE OF EXISTING RIGHT-OF-WAY. These estl-
mates assume that the project can probably use
some existing railway right-of-way. This would
require the two major existing railways to share
track for freight services. This may or may not be
acceptable,

» LEVEL CROSSINGS. The estimates for the
200 km/h system assume that level crossings will
be permitted for speeds up to 200 km/h, provided
that crossing protection is enhanced. If this is not
acceptable, there is a potential cost penalty to
provide additional grade separations.

. Figure 5.2 - Typical HSR impiementation schedule

Year 1 2 3
Name

Preliminary Design and
Environmentai Assesment
Detailed Design

ROW Acquisition

Tenders and Construction
Stations

Fixed Railway Plant
Testing

Passenger Service Start-up
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» ROUTES WITHIN URBAN ZONES. Within the
urban zones, it has been assumed that in most
cases existing railway right-of-way can be used. It
is possible that there could be problems associated
veith this.

» CONTAMINATED SOILS. There is little evidence
of contamdnated soils along railway routes (as
opposed to within yards and other facilities);
therefore no specific allowance for treatment or
rernioval of contaminated soils has been included.

¢ MITIGATION MEASURES. Although the unit
costs and contingencies as well as some specific
items are believed to cover the level of environ-
mental mitigation generally expected for a
construction of this nature, there is always a risk
that the environment assessment may diciate
additional mitigation measures.

» (CONSTRUCTION SCHEDULE. Many very large
civil engineering projects overrun the anticipated
construction schedule, increasing financing costs.

® REPRESENTATIVE ROUTES. Costs have been
estimated based on the selection of representative
routes and potential station locafons. Should
these change for one reason or another, there
could be impacts on the costs, Optimisation of the
routes might result in savings.

 SINGLE TRACK OPERATION. In the capital cost
analysis, single track operation was assumed for
the segment between London and Windsor, Two
oiher segments (Toronic-London and Québec-
Montréal) were assessed for potential single track
operation. While single track operation in these
segments is technically and operationally feasible
and could show appreciable cost savings, it was
concluded that at this level of investigation,
double track operation was more appropriate for
the purpose of this study.

Conclusion

The total system costs, excluding inflation and
financing costs, would be from $5.4 billion (1993%)
to $10.5 billion, depending on the scenario.
Examination of the capital cost estimates leads to
the following conclusions:

» the capital costs of the 200 km/h scenarios
are only slightly lower than those of the
equivalent 300 km/h scenarios, and almost half
the difference is attributable to the use of at-grade
crossings with roads in some circumstances. This
small difference is due to the finding that new
track bed is required for both technologies;

¢ there are no significant cost differences
between using existing right-of-way or new
“greenfield route”, since existing tracks need
complete reconstruction to accommodate HER;

» the most realistic route combines the use of
existing ROW and new ROW.

Single-track could be a cost-effective solution
on the Windsor-London segment.

The single track option would need to be
further evaluated financially and operationally for
the Montréal-Québec and Toronto-London
segments.
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Scope and Results

A detailed analysis of the operations of HS5R
was performed based on the experience of the
French, Swedish and Italian operations and on
potential adaptations to the Canadian context
based on VIA Rail experience. Train performance
sirmulations were used to calculate the travel times
on the representative routes.

Operating plans for both technologies were
developed in interaction with the development of
routes and passenger forecasts. Results relative to
travel times and frequencies were presented in the
chapter on ridership and revenues. This informa-
tion as well as the routing studies were the base
for the development of full operating plans and
costs specific for each technology and each of the
routing scenarios.

Operations and Maintenance {0 & M) costs
were developed using a “bottom up” approach,
which incorporated:

= analysis of the material and labour inputs
required to operate and maintain the repres-
entative technologies (obtained from European
operators);

- current and projected Canadian labour
productivity and cost data;

- estimates of workloads (trainset-ki, seat-km,
passenger-kin, etc.), derived from the operating
plans; and

» anunderstanding of the relationship between
O & M costs and system, utilization and operating
environment.

The result was a set of cost esfimates that reflect
both the general characteristics of the repre-
sentative technology and the specific conditions
under which the technology would be applied.

Total annual operating cost in 2005 for the base
200 km/h scenario (QW-D-200) is estimated at
$259 million per year (expressed in 1993 §) and

the base 300 km/h scenaric (QW-M-300} at
$303 million per year. Average cost per passenger
for the 300 kin/h system is estimated at $28.8
(1993 8) compared to $25.7 (1993 §) for the
200 km /h system.

Operating Cost Breakdown

The costs for the two base scenarios are

outlined in Table 6.1.

Table 6.1 - Operations and maintenance costs
for the full Corridor, 2005*

Cost category 200 kmih 300 kil
system/route systemiroute
19938 o 19935 o
millions pillions
Train Operations 327 126 43.3 143
Customer Services 70.5 27.2 78.5 8.9
Equipment Maintenance 347 154 43.4 13.6
Infrastructure Maintenance  60.9 235 724 239
Executive/ Administration 242 9.3 242 8.0
Insurance/Taxes/Other 18.3 7.3 18.3 6.4
Centingency 179 6.9 208 6.9
Total O & M costs 25910 100 302.8 100G

* Excludes capital taxes.

By 2025, operating costs are expected to
increase to $321 million for 200 km/h base case
and to $379 million for the 300 km/h base case
due to increased ridership and number of trains.

These costs do not include light freight
operating costs, as the revenues for this activity
are net of operating costs.

The most important assumptions and principles
underlying the derivation of labour quantities and
costs are summarized in Table 6.2,
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Table 6.2 - Summary of assumptions concerning labour quantities and costs

Approach Category
Trainmerew ... o 2-person crew; hourly pay base.
Train controlcenfre ... ool Staffing based on time requirements (independent of technology).
Onboardservices ..o Staffing based on number of seats, {rip duration, service design.
Oriboard service support ............. Omne clerical /general employee per five on-irain service employees.
Stationnstaff ... . .. 2/3 of staffing assumed to be fixed, 1/3 varies with passenger

throughput; baggage handling only available for connect-air
passengers. Wage rate for baggage handlers 20% lower than current
levels,

Telephone and counter ticket sales staff . 50% of sales through third parties, 32.5% through automatic
ticketing machines and the balance (16.5%) through counter
transactions.

Equipment maintenance .. ............ Direct labour requirements per activity obtained from two
technologies; assumption that multi-functional workforce would be
in place by dme HSR is deployed. Wage rate for cleaners would be
20% lower than current levels.

Infrastructure maintenance ........... Labour requirements derived by analysis: physical extent of system;
severity of climatic conditions; rolling stock characteristics and level
of systemn utilization. Contracting out of tamping, lining and
levelling and rail grinding.

Administration...... .. ... o o L Management structure developed for 2 standalone operator. Staffing
requirements independent of technology and speed.

Operating Ratics Operating Statistics

The operating ratio of a rail service is the ratio Table 6.5 gives a sample of some of the ope-
of costs to revenues (including light freight). rating characteristics of the base systems. By 2025,
Results for the base cases as well as two Montréal- with increased patronage of the system, load
Ottawa-Toronto scenarios are presented in Table factors are expected to increase to 75%.

6.3. The better results for the 300 km/h scenario
indicate that although the revenues are 25.5%
higher {for the full corridor), the costs increase by
only 17%, therefore generating a better operating
ratio (40% vs. 43%).

Table 6.3 - Operating costs and revenues
(1993 $ millions)

Scenario\ QW-D-200 QW-M-300 MOT-D-200 MOT-M-300

Results for 2025 show substantial improvement Year
in the operating ratios as revenues increase faster 2005
than operating costs. Revenues 641 805 382 487
Costs 275 321 167 196
Labour Reguirementis Op.Ratio  43% 40% 44% 40%
Table 6.4 presents the number of positions 2025
H ; Revenues 1,064 1,376 640 837
}: 7 . i’ ”
equ.ire:i o - oper‘ate the ‘S} stems. The lesser Costs 329 ok 202 222
requirement in train operations for the 300 km/h Op. Ratio  31% 250, 390, 29,

technology reflects the smaller number of trainsets
due to their greater capacity.

Note : Costs include capital taxes
Revenues exciude G5T and PST
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Table 6.4 - Total HSR employment in 2005

Ow-D-200 QW-M-300
Train Operations ........... 260 229
Customer Services ... ....... 747 794
Equipment Maintenance .... 542 711
Infrastructure Maintenance . . 649 787
Administration ............ 193 193
Total ... inian. 2391 2,714

Table 6.5 - Operating statistics in 2005

QW-D-200  QW-M-300

Route length (km) . .........

Train trip {one-way) per year
{thousands) ...............

Trainset-km per year (billions)
Seat-km per year (biliions} ...
Trainsets in active fleet (units}

Average trainset utilization
(thousands of km per year) ..

Average load factor .........

Total energy consumption
(gigawatt-hrs} .............

1,228

212

16.8
47
60

280
67%

206

1,235

20.1 .

16.5
5.9
50

331
67%

403

Conclusion

Based on the analysis of operation costs and
revenues, the HSR systems will achieve very
favourable operating results. These must be offset
against the initial capital costs.

The operating costs of the 200 ki /h system are
approximately 15% lower than those of the
300 km/h system. The operating ratios of the
300 km/h are however superior by 7% due to
greater ridership and revenues.



7

Legislative and Labour Issues

COne of the findings of the O/QRTTF was that
there should be a full examination of the current
railway legislation and regulation, both federal
and provincial; an assessment of the legal
framework to enable the implementation and
operation of HSR was also recommended. The
Task Force also suggested there should be a close
examination of current railway regimes to assess
changes required to ensure productivity and
efficiency in H5R operations.

HSR Institutional Arrangements in Other
Couniries

The institutional arrangements within which
HBSR was introduced in other countries were
investigated and are reported below. The
proposed  institutional  arrangements  are
presented in the financial analysts.

Japun and Eur.ope

In Japan and in Buropean countries, HSR has
been sponsored by the State and implemented by
state-owned railway companies. These systems
exhibit institutional and political characteristics
featuring close cooperation betweer:

- national governments that establish overall
transportation strategy and priorities, and esta-
blish the role of HSR 1n a multimodal context;

« national railway organizations, which own
and operate the HER services and head the
development and implementation of HSR; and

» major industrial concerns in the countries,
which partner with the governments and national
railways to design and build the HSR rolling
stock, communications and control, electrification
and other elements of rail fixed plant.

Swedish railways have been restructured in a
urique fashion. The Swedish state owns the right-

of-way and rail fixed plant. The Swedish National
Railway Company (5]} ~ a Crown corporation -
operates freight and passenger services, including
the HSR service between Stockholm and
Goteborg. The State absorbs the costs of
improving track, signalling systems, crossings and
electrification while S} is responsible for all
operating costs. 5] pays a user fee to a State rail
infrastructure company (Banverket) for track use
based upon the equivalent level of charges paid
by commercial highway users.

In Britain, simnilar decisions have been made to
separate train operations from the building and
maintenance of the infrastructure. The British
government intends to privatize operations first
but possibly also the infrastructure in the longer
term. However, the mmstitutional context for the
planning, development, financing and operation
of British Rail's existing HSR services was that of
a Crown corporation wholly owned and
subsidized by the British government.

United States

The U.S. context for HSR is much closer to
Canada than Europe or Japan. There is no overall
legislative or institutional framework fo
implement HSR. Although a number of potential
HSR projects have been investigated, these have
typically been evaluated on a project by project
basis. The only HSR system operating in the U.5,
is the 200 km/h speed service operated by
Amtrak in the New York-Washington Corridor).

The primary HSR institutions established in the
U.S. to date are commissions or authorities
created by legislation to study the feasibility of
HSR developments and to award and manage a
franchise to finance, construct and operate FISR
systems. To date, all existing HSR institutions
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have specified private sector financing
arrangements in which the franchisee must
finance the HSR initiative, possibly with some
local government support.

The realities of private financing of HSR
projects explain why no project has gone ahead to
this date; no current project is expected to come to
fruition without financial contribution from the
public sector at the federal, state or municipal
level, or some combination thereof. It appears that
such public support may have to be substantial.

Legislative Issues

Federal vs. Provincial Jurisdiction

Given the interprovincial character of an HS5R
system in the Québec-Windsor Corridor, an HSR
undertaking would be subject to federal
legislation and regulatory jurisdiction. This would
occur even if separate companies were to build
and operate the system in Ontario and Québec or
if separate ownership structures were to be
adopted for the fixed plant and operating entities.
Some independent suppliers {e.g., caterers) could
be subject to provincial legislation.

Federal Legislation

Relevant legislation includes:

* RAILWAY ACT. Governing the establishment
and operation of any railway, the Act currently
provides an adequate regime. Under the Raflway
Act, the National Transportation Agency has to
authorize land acquisition and construction of
facilities. The Railway Act mechanisms for
approbation of new railways and necessary
expropriations have advantages over other
alternatives despite the possibility of lengthy
hearings. The Railway Act provides an adequate
framework for dealing with level crossing and
farm crossing disputes. It was concluded that the
Railway Act does not create any material barrier to
the construction or operation of an HSR system.

* CANADIANENVIRONMENTAL ASSESSMENTACT.
This legislation would likely apply to an HSR
project and wouid require an environmental
assessment of the project.

» EXPROPRIATION ACT. This Act provides an
alternative basis for acquisition of and compen-
sation for private property needed for railway
construction.

* NATIONAL TRANSPORTATION ACT OF 1987.
Existing statutory provisions will not prevent the
carriage of freight traffic by HSR. Section 112
requires compensatory rates to be charged for
railway freight. This would apply to any freight
business that the HSR operator might undertake.

* OTHER FEDERAL STATUTES will alse apply
including the Railway Safety Act, the Railway
Relocation and Grade Crossing Act, the Financial
Administration Act, etc,

Provincial and Mumnicipal Legislation

As previously noted, it is very likely that the
entire HSR business would be treated as a federal
undertaking and subject to federal legisiation.
However, an examination of relevant provincial
railway legislation was conducted. This showed
that these regimes would infroduce no
substantive impediments.

It is generally held that provincial or murnicipal
land use jurisdictions do not apply to federal
undertakings. Provincially chartered railways
may be subject to provincial and municipal land
use controls. These controls may raise barriers to
the construction and operation of a provincial
HSR system on new right-of-ways, particularly in
urban and developed agricultural areas.

Environmental Assessment Process

All three jurisdictions involved, Ontaric,
Québec and the federal government, have
environmental assessment acts. While most
railways are under the jurisdiction of the federal
government, there are a number of ancillary
works that will require provincial approval. In
addition, any provincial funding would alse
require a provincial environmental assessment
(EA). It was agreed that the environmental assess-
ment process should probably take the following
forpu
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s determine the common elements of the EA
process;

« undertake joint federal/provincial environ-
mental assessment procedures in each province.

e if necessary, hearings should be held
concurrently in each province;

# the same type and level of detail should be
considered in the environmental impact statement
in each jurisdiction. This implies that the environ-
mental impact statement must respond to the
information requirements of all three jurisdictions
involved.

Labour Issues
Legislative Framework

Federal labour legislation (the Canada Labour
Code) will apply in practically every instance to
the construction and operation of HSR in the
corridor., Besides goveming the collective
bargaining process, the Code also deals with
successor rights and technological change in the
workplace. Avoidance of successor rights under
federal legislation would require the creation of
an entirely new HSR enterprise totally separate
from existing federally regulated railways. The
sale of even a portion of one of the federally
regulated railway's business to the HSR enterprise
may invoke the successor rights provisions of the
Code. In any event, the unions can be expected to
ity to protect their existing membership and
influence, no matter how the HSR enterprise is
established.

Constraints  in
Agreements

Existing Railway  Collective

There are a number of conditions in the existing
coliective agreements that would constitute
impediments to the operation of an HER system:

¢ Pay systEM. Under current collective
agreements, running trade employees are paid on
a mileage-based system. This is a complex system
that leads to relatively high compensation for
engineers and conductors. Applied to an HSR
operation, it would bacome prohibitively costly.

¢+ TRAIN CREW SIZE. Since 1988 VIA trains have

been operating with a four-person crew — two

engineers, one conductor and one assistant
conducior, VIA is now attempting to negotiate a
two-person crew (ie., one engineer and one
conductor). Progress is being made on this
initiative, though the unions currently resist the
implementation of such changes.

¢ SHOP CRaFTS. The principal issue here is the
lack of work flexibility in shops resulting from the
multiplicity of unions. It appears that this problem
will gradually be resolved with the recent merger
of the shop craft unions.

* WaGE LEvELS. Canadian rail workers are
among the highest paid fransportation employees,
and are generously paid in comparison with
wages at Amtrak.

* UNION REPRESENTATION. There are now
currently ten different unions representing CN,
CP and VIA employees, even afier a recent
merger of the shop craft unions.

Most, if not all of the constraints identified
above are expected to be eliminated through
negotiation of collective agreements. Positive
change is already underway with respect to union
representation and running trade crew size.
Further rationalization of union representation
within the Canadian railway industry should also
take place.

The other constraints will come under exireme
pressure as Canadian railways continue efforts to
reduce costs in order to survive in a highly
competitive market. Railway management
representatives mention that the mileage-based
pay system is on the negotiating table and should
be eliminated within the next couple of years.
Wage levels will also come under pressure in
future collective agreement negotiations.

Labour Practices in Other Countries

Labour practices in American and French
railway passenger services were studied. The key
finding from this work was that both countries
use an hourly-based pay system for passenger
running trade employvees, while the mileage-
based system is used in Canada. With respect to
crew size, there is less of a divergence. VIA is fast
approaching the presence of only one locornotive
engineer in the cab and its requirements in the
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deployment of conductors are actually less
stringent than those of Amtrak.

Proposed Labour Practices for HSR in the Corridor

HSR operations costing in this study has been
based on the assumption that existing labour
practices will not impede productivity and that
productivity can reach the levels achieved in other
countries. Therefore, it was assumed that two-
person train crews, one engineer and one
conductor, would be used and that the current
mileage-based pay system will be replaced by an
hourly-based system by the time HSR is
introduced.

Conclusion

A thorough review of legislafion has shown
that there are no impediments to the introduction
of HSR in Canada although some specific
regulatory standards would likely have tc be
developed. The current constraints in collective
agreements are expected to be eliminated through
negotiation. Positive changes are already under
way relative to train crew size.
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Scope

A complete financial analysis was undertaken
of the eight SR scenarios previously mentioned.
The purpose of this analysis was to examine the
financial viability of HSR in the Québec-Windsor
Corridor, determine the maximum extent and
means by which the service can be offered and
financed by the private sector and define the
financial involvement required from governments
to implement HER.

To determine the HSR project’s financeability,
numerpus consultations were held with the
project finance specialists of the Banque Nationale
de Paris (BNP), Canadian investment banks and
Canadian Schedule banks. In addifion, several
project financing structures for North American
transpertation projects were researched. A well-
known debt rating agency based in New York was
consulted to ascertain the criteria upon which
various financing structures and instruments are
rated. The process of testing against private sector
financial market criteria enabled the financial
experts to narrow down the financing structures
to those which could prove to be achievable in the
marketplace, while respecting the preestablished
federal, (uébec and Ontario governments'
objective of minimizing the annual and aggregate
public sector financial commitment to the project.

Each scenario was inifially examined under
three types of ownership options, as a wholly-
public enterprise, as a public-private partnership
and as a private enterprise. This latter option was
not retained due to its unfinanceability, which
was demonstrated in the earlier stages of the
financial analysis.

For public-private partnerships, the fypes of
investment were separated into those that could
reasonably be financed by the private sector with
the remainder being financed by the public sector.

Inputs to the Financial Analysis

Table 8.1 summarizes the key inputs to the
financial analysis.

Revenues

The most important source of revenues is
passenger fares. The derivation of these was
discussed in Chapter 4. The fare revenues used in
the financial analysis differ slightly from those
shown in Chapter 4 because federal and
provincial taxes {including GST} as well as
commissions (for example those of travel agents
who sell rail tickets) have been deducted. Net
revenues from light freight are also shown in
Table 8.1.

Capital and Operating Costs

The capital costs described in Chapter 5 and the
operating costs (with the addition of capital taxes)
outlined in Chapter 6 are summarized in Table
8.1.

In addition to the capital costs expressed in
constant dollars, the financial analysis fook into
account interest during construction and infiation
at 3% per yvear. This was done because project
financing requires that all the required financing,
including credit available to cover cost of inflation
and contingencies, be available and committed
prior to the commencement of construction. When
these are taken into account, the total financing
requirements to 2005 increase to the amounts
shown in Table 8.2.
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Table 8.1 - Key input variables

(1993 $millions)
Scenario OW-D-200 QW-M-300 QW-D-300 | MOT-D-200 MOT-M-300 MOT-D-3060 MOT-D-300NA ‘ OT-M-300
Revenues in 2005 ‘
Passenger fares 592 757 805 365 471 511 471 606
Light freight 49 - 48 48 17 16 16 16 31
Revenues in 2025
Passenger fares 972 T 1,280 1,362 605 BO3 882 813 1,030
Light freight 92 90 90 35 34 34 34 59
Initinl Capital Costs
{to 2004)
HSR 9,278 10,253 10,398 5,311 3,949 5,948 5,197 7.805
Light freight 173 228 228 91 130 130 130 191
On-geing Capital Costs :
HSR 1,047 1,162 1,228 605 711 731 672 883
Light freight 108 150 150 51 58 58 130 86
Operating Costs
In 2005 275 321 326 167 196 200 18¢ 258
In 2025 329 392 402 202 242 24% 232 312

* No airport connection

Table 8.2 - Total financing requirement in current dollars (up to 2005)

(5 millions)

Scenario OW-D-200  QW-M-300 QW-D-300 MOT-D-200 MOT-M-300 MOT-D-300 MOT-D-300NA (JT-M-360
Initial Capital Costs 9,450 10,481 10,626 5,402 6,079 6,079 5,327 7996
1993§

Inflation Costs (3%) 3,134 3,446 3,476 1773 1,986 1,969 1,733 2,619
Capitalized Interests 3,860 4,414 4,559 2,229 2,574 2,653 2,351 3,403
during construction

TOTAL 16,444 18,341 18,661 9,404 10,639 10,701 8,411 14,018

Residual value

The residual value was estimated for the
purpose of Internal Rate of Return calculation
(IRR) using the capitalized earnings approach,
thereby applying a capitalization factor to year
2035 earnings and deducting therefrom the
estimated replacement cost of the project assets at
that time. The replacement cost deduction
attempts to provide a measure of the financial risk

that parts of the project will, for a variety of
reasons, be rendered technologically or
competitively obsolete at some future date; hence
investors and lenders will reduce their valuations
of residual value to take into account such
possible risks. A financially conservative estimate
of the replacement cost of assets, equivalent to
65% of their original cost, fully inflated through to
2035, has been included in the financing plan.
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Risk Sharing Among Private and Public
Sectors

By any measure, a HSR venture in Canada will
be judged by private secter investors and lenders
as being of very high risk.

Given the hurdles that this HSR. project must
overcome, the project would be rated as a
particularly high risk during the pre-construction,
consiruction and initial operating periods. This
will have a direct and adverse effect on the
project’s ability to attract private sector capital at
the outset.

As project cost uncertainties are reduced over
time, the overall project risk would decline. As an
operating history develops, the financial risks of
relying solely upon revenue forecasts would of
course also decline. This is consistent with other
transportation infrastructure projects around the
world, where we find that the financial attrac-
tiveness, and therefore financeability, of the
projects improve over time as usage increases and
cash fiows improve. Ultimately, when sufficient
operating experience is gained, lower “utility-
type” retums at much lower levels would be
sought from investors. As an example, in the case
of Eurcfunnel, which is only now commencing its
operations, retums in the 10% to 12% (after tax)
are still considered adequate for new investors.
Imitial investors, of course, expected higher
returns, given the higher relative risk at the outset
of that project.

Ownership Options

The design of an optimal ownership option was
based on the following financing plan objectives:

¢ private sector financing of capital costs
should be obtained to the maximum extent that
nef operating revenues of the project can support;

¢ public sector financing of construction costs
is to Dbe structured to minimize up-front
government funds, while retaining mechanisms
for public sector control over the invested funds;

« private sector participation would be through
fully taxable entities;

¢ dividends to the owners will be paid from
operating cash flow generated by the project; and

» the rate of return on invested capital will be
a function of the level of risks and responsibility.

Two ownership options were analyzed in detail:
a public-private partnership and a wholly-public
enterprise. The public-private partnership was
recommended since it satisfied the objective of
maximizing private sector participation.

When analyzing potential private invelvement,
it was realized that the project would be seen as
high risk because of uncertainties in:

» the time frame to obtain environmental and
regulatory approvals;

« construction costs; and

+ potential revenues.

The assignment of roles and responsibilities has
been explored as well as the associated sharing of
risks among the parties, taking into account the
manner in which HSR might be financed, Some
components of the project are more amenable than
others to private sector financing.

Maximization of private sector participation
was done by:

* splitting the equity participation between
private and public stakeholders;

* assigning the fixed infrastructure investment
to the public sector, to be financed by private
sector borrowing with a public sector guarantee;

* assigning, for the most part, the equipment
and technology investment to the private sector
and including subordinate debenture loans and
project finance bank borrowing; and

* making the public sector responsible for
financing of the construction period interest.

Alternatively, the public sector could take on
the entire project on its own account. This "Crown
construct and Crown operate” option would likely
maximize the public sector’s rate of return but
would involve substantially higher direct govern-
ment borrowing and would not fulfill the objective
of maximizing private sector participation.

In the context of continuing pressures to contain
government spending, and considering the size of
the required up-front investment, a wholly-public
sector option is likely to be contrary to current
transportation policies given pressures to contain
government spending. Nevertheless, Internal Rate
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of Return for the wholly-public scenario should
serve as a useful point of reference for comparison
with other ownership options.

Potential Contractual Scheme

A potential contractual scheme as presented in
Figure 8.1 would include: h

* A PUBLIC FINANCING ENTITY. The public sector
would incorporate a public financing entity, likely
a crown corporation, fo finance and own the
infrastructure and civil works., Once completed,
the public financing entity would lease the infra-
structure and civil works to the construction and
operations company. The public financing entity
would obtain its financing from private sector
institutional investors.

* CONSTRUCTION AND OPERATIONS COMPANY. A
construction and operations company would be
incorporated under joint ownership of the private
and public sectors to manage the full scope of the
project during the construction and operations
phases. This jointly owned company would raise
financing for the equipment and technology cost,
and subsequently would operate the HSR services
and lease the infrastructure and civil works from
the public financing entity.

Roles for the public and private sectors for each
major phase of the project could be:

* PLANNING AND APPROVALS PHASE. There
would have to be a great deal of public sector
involvement in this phase. For example, the
necessary integrated multimodal planning,
routing, land use planning, National
Transportation Agency approvals, and environ-
mental approvais are all processes primarily
driven by the public sector.

» LAND ACQUISITION PHASE. This phase can be
envisioned as either a public or private sector
undertaking, but in all probability land acquisition
will prove to be controversial and problematic.
Even if skilfully executed, many landowners can
be expected to resist surrendering their properties.
In the circumstances, it may prove more expedient
that land acquisition be handled by public
agencies.

® DETAILED DESIGN, CONSTRUCTION, COMMIS-
SIONING PHASE. The components of this phase

could largely fall in the domain of the private
sector. Even if the HSR system were a whaolly
public sector enterprise, much of this activity
would normally be contracted to the private
sector.

* CPERATIONS PHASE. Numerous combinations
of participants could collectively form an effective
HSR operations unit. Potential participants
include VIA Rail (for most functions); an existing
off-shore HSR operator (pessibly for irain
operations and passenger services); airlines for
customer services (reservations, ticketing, sales
and marketing); freight railways (for fixed plant
maintenance, frain operations and control); and
equipment manufacturers (for equipment
maintenance).

Financing Plan for the Public-Private
Partnership

The resuiting type of public-private parinership
that would most likely maximize private sector
capital is outlined in Table 8.3. The maximum
extent of private sector risk and thus involvement
in this project has been estimated at between
22.5% and 28.6%, depending on the scenario.

The resuliing use and sources of funds is
illustrated in Table 8.4 for the Québec-Windsor
300 km/h scenario via Mirabel.

During the pre-construction period, the most
likely form of financing would be an equity
injection by private sector sponsors and a grant or
equity by public sector sponsors. This would most
likely be followed by quasi-equity (e.g. convertible
debentures) for the financing of inital
construction period costs.

During the construction period, as indicated in
Table 8.4, infrastructure and civil works would be
financed by private sector institutional investors in
the form of infrastructure and civil works notes
vielding a rate of 9% per year. This obligation
would be secured by a government guaranteed
annual infrastructure and civil works subsidy,
commencing in the first year of full operations,
that would be designed fo repay fully the
infrastructure and civil works notes over a period
of 35 years. Hence the financial analysis analyzed
results over a 40-year horizon. The notes would be
issued through the public financing entity.
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Table 8.3 « Public-private partnership financing structure

Approximate Financial return

Type of financing  percent of fotal Sources of funding Gol:;e:;rgm
project costs Type Source 8
Eopuity 1.5% Sponsors {“stakeholders”) Dividends and Project cash flow Partia}
capital gain
Convertible 7.2% Private sector investors Interest, dividends  Project cash flow No
subordinated and capital gain
detentures
Project finance debt 20.6% Commercial banks Interest - floating Project cash flow No
rate
Debt supported by 45.7% Frivate sector institutional Interest - fixed rate  Initially, consolidated Yes
guaranteed annual investors revenue fund,
government subsidy ultimately fully
serviced from project
cash flow by way of
infrastructure and
civil works lease
Construction period 23.0% Consolidated revenue None n/a Yes
government interest fund - government
subsidy
Total financing 100%

Figure 8.1 - Potential HSR contractual scheme

Construction & Operation Company

Board Public & Private

Governmenis'
Commission

- Environment

- Permitting

- Legislative

- Land

— Government relations

Program
Manager (private)

Tender
&
contracts for

Y

Operator [¢
public/

[

|

infrastructure i

Lo =g

Equipment Roiling stock “{ Operations ]




Financial Analysis

33

Equipment and technology, excluding interest
costs, could be financed by the private sector.
Equipment and technology notes would be issued
to commercial banks and would be secured
against the related assets. These notes would bear
interest at 11.5% per year and would be repayable
on an increasing annual scale over the 15-year

Moreover, convertible subordinate debentures
would be secured sc as to ensure that the debt to
equity ratio would not exceed 4 to 1 in respect of
the equipment and technology notes. Investors'
returns, assumed at 9% per year, would be in the
form of base and participating interest to be
recéived during the operating phase, anc

period following the completion of the

construction period. conversion,

Table 8.4 - Use and sources of funds for the QW-M-300

eventually by way of dividends subsequent to

Share of financing Project cost and financing
Type Source Amount
(% millions}
Infrastructure and civil works
Capitalized interest subsidy Governments 3310 Land and right-of-way
Earthworks/subgrade
Guaranieed institutional 9,149 Stations
infrastructure notes (9%) investors™ Maintenance facilities
Private Sector Other accommodations
Equity Sponsors (50% 196 Bridges
Governments Grade separations
(50%) Track
Deferred start-up and other costs
Capitalized interest and inflation adjustment
Sub-total 12,655
Equipment and technology
Capitalized interest subsidy Governmerits 1,104 Power distribution system
Signals
Equipment and technology notes ~ Commercial 3,209 Communications
(11,5%) banks Light freight
Rolling stock
Convertibie unsecured debentures  Private 1,295 Capitalized interest and inflation adjustment
(9%) commencing during operating investors
phase
Private Sector
Equity Sponsors (50%) 78
Governments
(50%)
Sub-total 5,686
Total 18,341

(1) Backed by government guaranteed annual contribution.
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During the operating period, the construction
and operations company would lease the infra-
siructure and civil works assets from the public
financing entity and would be wholly responsible
for servicing the equipment and technelogy notes.
Excess cash flow would be used to pay dividends
to  shareholders, including governments (or
miterest to holders of subordinated debt), to make
infrastructure and civil works lease paymenis to
the public financing entity, and to pay interest on
the convertible subordinate debentures.

During the same period, the public financing
entity would service the infrastructure and civil
works notes by way of the infrastructure and civil
works subsidy or contribution. As the project
becomes profitable, the guaranteed infrastructure
and civil works annual subsidy would effectively
be reduced by the amount of the infrastructure
and civil works lease payments and by dividends
to be received by the public financing entity's
equity in the construction and operations
cormpany.

Financial Results

Financial results outlined in Table 85 indicated
that under a public-private partnership, the
nomminal rates of retum for the public sector range
from 2.6% to 7.1%, including tax revenues which
merease the IRR by approximately 4%. This
compares o rates of return ranging from 9.4% to
12.3% after taxes for the private sector. Given that
the financial experts estimate that private sector
involvement requires a minimum rate of return of
12%, then the MOT-D-300 scenarios (with and
without an airport connection} are the only two
scenarios that attain this threshold.

By modifving the distribution of cash flows (as
between the public and the private sector), it is
possible to adjust the projected rate of return for
the private sector for any of the scenarios
envisaged to 12%.

This would potentially enable each of the
scenarios to be both viable and financeable from
the private sector’s perspective, although at the
expense of the public sector, while sill
maintaining a public-private  partnership
structure. However, such a skewing of cash
distributions. would weaken the relationship
between risk and reward. While the private sector
IRR is fixed at 12% in this analysis, the public
sector IRR would decline, except for the best case
scenarios, i.e. the MOT-D-300 scenarios. For all
other scenarios, the public sector IRR would be
less than 3.5% including tax revenue and becomes
negative if tax revenue are excluded. For the
MOT-D-300NA scenario, the public sector IRR
would increase from 7.13% to 8.27% while the
private sector IRR would decline from 12.34% to
12%.

The financial analysis concluded that, except for
the 200 km /h scenarios, governments more than
fully recoup their investment (on an undiscounted
basis) within the first 30 years of operations. On a
discounted basis, at 9%, which is the assumed
government’s long-term borrowing rate for the
purpose of this study, and considering the
conservative estimate of the residual value the
governments end up paying a net contribution to
the project. Should HSR proceed, it is highly likely
that the interest rates at which a project is financed
will differ from those used in the analysis. It must
however be remembered that the real interest rate
is high from an historic perspective, and inflation
is relatively low.

Figure 8.2 illustrates the cash flows resulting
from a public-private partnership for the MOT-D-
300 scenario, which achieves an internal rate of
return of 6.65% for the public sector and 12.15%
for the private sector. As indicated, by year 2017,
the public sector begins to receive positive cash
inflows and ultimately recoups ail invested funds
on an undiscounted basis.
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Table 8.5 - Results of financial analyses

Scenario QW.D200  QW-M-300  QW-D-300 | MOT-D-200 MOT-M-300 MOT-D-300 MOT-D-300NA| QT-M-300
Project Capital Cost
Constant § $9,451 510,482 510,626 $5,402 $6,079 56,078 $5,327 57,996
(1993% millions)
Inflated and fully 516,444 $18,341 518,661 $9,404 510,639 .. $10,701 $9,411 514,018
financed {$ millicns)
Public-Private Partnership
Internal Rates of Return
FPublic sector (1) 2.57% 4.56% 5.23% 3.20% 5.42% 6.65% 7.13% 5.49%
Private sector 9.38% 10.7%% 11.15% 9.66% 11.15% 12.15% 12.34% 11.04%
Ranking 8 6 5 7 3 2 1 4
Public-private partnership - .
financeability No No No No No Yes Yes Mo
Project Financing
Maximum % of
Private sector tisk
and finanging 22.7% 25.3% 26.5% 22.5% 25.4% 27.4% 28.6% §26.0%
Ranking 7 6 3 8 5 2 1 ; 4
Private Partrers
Fixed Rate of Returns
Public Sector < -7.5% 1.65% 3.36% <-7% 2.74% 7.19% 8.27% P 252%
Private Sector 12% 12% 12% 12% 12% 12% 12% 12%
Ranking 8 6 3 7 5 2 1 | 4
Public-p r:lv.ate parinership Yes Yes Yes Yes Yes Yes Yeas Yes
financeability ;
Wholly-Public Finaneing
Rates of Return 4.83% 6.58% 710% 5.20% 6.91% 7.86% 8.18% I AB0%
Ranking 8 6 3 7 4 2 1 5

(1} Includes tax revenues.

Note : The viability and financeability findings apply only to the private sector and are based on the assumption that the private sector will have an

investment rate of 12% after taxes.

Sensitivity Analyses

The financial analysis is based on a number of
assumptions with respect to cosits, revenues,
interest rates, etc. Table 8.6 shows the sensitivity
of the results for the MOT-D-300 scenario as
expressed by rates of return to changes in the
varous input assumptions.

The comparison of sensitivities of the public
and private sectors IRR's demonstrates the greater
sensitivity of the public sector to variations in
some of the major inputs of the financial analysis.
This is particularly the case of real interest rates
and construction costs due to larger share of
capital costs supported by the government. All
results are most sensitive to operating revenues.

Conclusion

On the basis of the financial analysis, the
following conclusions were reached:

s the project, taken as a whole, represents a
high financing risk for each party involved;

* a wholly-owned private sector option is
neither viable nor financeable, as the private
sector's cost of funds would significantly exceed
Ei

the HSR project’s financial refums, regardless of
the considered scenario;

¢ public sector risk and financial support
would be minimized if construction, operating
and financing risks were to be shared with the
private sector;
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Figure 8.2 - Québec-Windsor HSR project, Trend analysis 1995-2025
MOT-D-300INA
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+ Net benefit (cost) to government

Table 8.6 - Results of the sensitivity analysis for the MOT-D-300 scenario
' Internal rates of return

Public Private  Pessimustic Optimistic  Private Public
6.65 12.15 Base Case 12.15 6.65
541 12.09 +1% Real interest rates -1% 12.20 7.97
£.48 12.05 +10% Operating costs -10% 12.26 6.83
5.25 11.78 + 20% Construction costs -20% 12.42 812
4.67 11.69 0 Terminal value +50% O 12.46 7.29

529 11.84 +1vyear Construction period -1 year 12.45 8.09
473 10.89 - 10% Operating revenues + 10% 12.97 8.01
201 10.12 Combination: 13.49 11.45

revenues: = 10%;
construction costs: = 20%;
construction period: 1 year)

(1) 50% means that the 2035 replacement costs are reduced to 32.5% of inflated original costs.
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* a wholly-owned public sector option would
provide the public sector with higher financial
retums than would public-private options.
However, this would require the public sector to
underwrite 100% of all risks and construction
costs; '

* the returns on the project are most sensitive
to variations in construction costs, the duration of
the construction period, project revenues and to
the terminal value of the project, with real interest
rates potentially a major factor;

» regardless of the public-private scenario
envisaged, government financial support for the
project will likely equal or exceed 70%;

* the 300 km/h technology options are clearly
financially superior to the 200 km/h technology
options;

* a Dorval routing is clearly financially
superior to a Mirabel routing; :

« the full Québec City-Windsor corridor option
is financially inferior to the Montréal-Ottawa-
Toronto and the Québec City-Toronto corridor
options;

* applying public-private ownership structure
in the base case financing plan (which is designed
to minimize the public sector participation in the
financing and construction risks), only the
300 km/h Montréal-Ottawa-Toronto (via Dorval)
options would be both viable and financeable
from the private sector's perspective. It is possible
that a 300 kmm/h Québec City-Toronto (via Dorval)
option could also be viable and financeable from
the private sector’s viewpoint;

» acceptance of construction and financing
risks by the private sector is optimized on the
Montréal-Ottawa-Toronto corridor;

* the private sector would not be interested in
underwriting the costs of infrastructure and civil
works; its interest will lie almost exclusively in
sharing construction and financing risks relating
to the equipment and technology;

¢ the private sector financial support for the
project could range from 22.5% to 29.0%,
depending on the public-private scenaric that
would be envisioned;

* it is expected that the public sector would
more than fully recoup its investment (on an
undiscounted basis) within the first 30 years of
operation. On a discounted basis, at 9%, which is
the assumed government’s long-term borrowing
rate for the purpose of this study, and considering
the conservative estimate of the residual value, the
governments end up paying a net contribution to
the project. Should HSR proceed, it is likely that
the inferest rates at which a project is financed will
differ from those used in the analysis. It must
however be remembered that the real rate of
interest is high from an historical perspective
while inflation is relatively low;

* by modifying the distribution of cash flows
(between the public and private sectors), it is
possible to adjust the projected internal rates of
return for the private sector to 12% for any of the
scenarios considered. This would possibly enabie
each of the scenarios to be both viable and
financeable from the private sector’s perspective,
while still maintaining a public-private
partnership structure. However, such skewing of
cash distributions would weaken the relationship
between risk and retumn;

e if the income and capital tax revenues were to
be exciuded from the calculation of the internal
rates of return for the public sector, it would affect
the results in a negative way by approximately 4%
in each case, and;

+ the internal rates of return are very sensitive
to changes in assumptions, as both the public and
private sector investors would share only in the
project’s residual cash flows (after payment of
project debt service).
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The construction and operation of a major high
speed rail system will have a number of long-term
impacts beyond the direct financial results that
must be considered when examining the overall
social costs and benefits of such a system.

Impact on Other Modes

HSR will draw its users mainly from other
modes. This diversion will affect both the
operators of the other modes and the
governments responsible for or supporting the
other modes of fransportation. This impact has
been investigated for all modes.

Government Support of Transportation

Current levels of government revenues and
expenditures on each mode were estimated for
the various segments of the Québec-Windsor

Corridor. These were extrapolated into the future

using several key assumptions including:
¢ the indebtedness of all levels of government

will force governments to increase revenues and
decrease expenditures;

e there will be increases in hydrocarbon fuel
prices after the year 2005;

= “known” vehicle technologies will be used
over this period, although a number of improve-
menis will be made;

¢ enthancement of the corridor network
capacity will be attained mostly through opera-
tional improvements. Some additional facilities
will be required, such as new runways at Pearson
and Québec City airports and some limited im-
provements in the corridor intercity road system;

+ possible deregulation of the intercity bus
mdusiry.

From these assumptions, the trends in annual
government support on a per passenger-km basis
were analyzed. The bus and auto modes are

estimated to contribute more in taxes and user
fees than all levels of government pay out for
support of the automobile in terms of intercity
travel. As shown in Table 9.1, this trend is
expected to continue and, in fact, both modes are
expected to contribute even more in the future.
The rail mode is subsidized directly through VIA
Rail Canada Inc. The air mode is subsidized
through government expenditures on airports and
air navigation and other services that are not
recovered from user fees. The subsidy to the air
mode is expected to decrease on a per passenger-
km basis between now and 2005.

Table 9.1 - Projected annual government
support in the corridor without HSR
(1992 $ millions}

Year Bus VIA Rail Air Auto Total
2005 -0.6 72.9 582 -56.7 73.8
2025 -1.2 48.2 63.9 -228.1 «117.2

Note: Excludes accident and pollution costs

The current government revenue surplus over
expenditures from inter-city auto users is
expected to increase dramatically. As a result,
total govermment support in the Corridor is
expected io fall from %75 million in 2005 to
become a surplus of $117 million in 2025.

The incremental effect of the construction of an
HSR line on annual government support varies by
mode and by HSR scenario. In the case of rail, the
savings inciude operating subsidies and capital
reinvestment. The introduction of HSR has no
impact on the requirements for intercity roads,
nor does it have an impact on airport
construction. Net impacts are summarized in
Table 9.2.
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Table 9.2 - Incremental effect of HSR on annual government support in the corridor

(1992 $ millions)
Scenaric Bus Ratl Alr Auto Total
2005
QW-M-300 ... eieiiinnnen - -729 20.5 9.1 ~43.3
QW-D-200 . oo - -72.9 16.5 7.7 ~48.8
MOT-M-300 .....ccvinnienins -0.2 -51.8 16.0 39 -32.1
MOT-D200 ..o v e i iiienans 3.2 -52.3 12.9 3.2 -36.4
2025
OW-M-300 ... ininnnn - -48.2 53.5 32.3 376
OW-D-200 ... ..ot - -48.2 44.3 27.1 23.4
MOT-M-300 ......c0oivvinnnn -0.3 -31.8 43.1 14.7 257
MOT-D-200.......c0iivnnnens -D.4 =327 35.3 11.9 4.1

The net results show that HSR reduces
government support requirements for other
modes in 2005 but increases them in 2025. This
occurs because inter-city auto users provide net
revenue to the provincial and federal govern-
ments and the diversion of all users to HSR
reduces this net flow, increasing goverrunent
support requirements. The air mode is similarly
affected. The diversion of travellers does not
reduce the infrastructure costs but does affect
government revenues.

Impact on Carriers

Impacts on the rail mode were included in the
analysis of government support. Estimates of the
impact of HSR on the potential profitability of the
bus and air carriers are shown in Table 9.3.

The impact on the bus mode is expected to be
negative for a full corridor implementation but
positive for the Montréal-Toronto scenarios. In
these cases the bus carriers gain passengers from
conventional rail passengers who switch to bus
because of higher fares on the HSR system or
because their local communities are no longer
served by rail.

The loss of Corridor traffic would be a
significant shock to the airlines. For example, Air
Canada currently derives approximately a quarter
of its domestic revenue from operations in
Ontario and Québec. Although route profitability
camnot be determined from publicly available
data, industry specialists suggest that Corridor
traffic is more profitable than some other business
segments,

Alr carriers would continue to provide service
within the Corridor if HSR is implemented.
However, they would need to significantly adjust
their operations to remain viable, Airlines can be
expected to reduce their number of daily
departures, and in some cases switch to smaller
aircraft. They would also need major reductions
to overhead and administrative costs.

For example, for the Québec-Windsor
300 km /h scenario, the reduction in contribution
to overhead and profit of the air carriers, as
shown in Table 9.3, is $170.7 million in 2025,
When avoided invesiment is taken into account,
the net loss drops to $99.1 million per year, which
represents 14% of total operating costs. These
$99.1 million could be reduced by further
decreases in operating costs through efficiency
improvements.

Table 9.3 - Incremental annual impact of H5R
on overhead and profit

(1992 § millions)
Scenario Bits Alr
2005
QW-M-300. ... ..o -1.3 -121.3
QW-D-200 ... oo iinreeninnns -1.2 ~123.7
MOT-M-300 ...l 0.9 36,7
MOT-D-200 ....oivvniinnennn 1.1 -G5.4
2025
QW-M-300. ... .o -1.9 -170.7
QW-I-200 .. ... -1.6 ~1586.0
MOT-M-300 .....coovvivnnns 0.3 ~137.1
MOT-D200 ......ovvvnnn 0.5 1516
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Industrial Impacts

The potential industrial benefits of implement-
ing an HSR route in the Québec-Windsor Corridor
were investigated as well as a proposed strategy
to maximize these benefits, Industrial benefits are
the direct employment, income and profits
achieved through increased industrial activity.
Industrial benefits would result from the
Canadian industry's participation in the project
and its further participation in U.5. and other
potential international HSR projects,

Canadian Industry Participation in HSR

Canada has developed a strong, fully inte-
grated, intermationally competitive rail supply
industry that mainly serves the North American
conventional passenger rail and mass transit
markets. The Canadian industry includes en-
gineering, manufacturing and assembly of rail
cars and locomotives, vehicle components, power
supply and distribution equipment, signal equip-
ment, communications equipment and rail and
track components. Canadian industry is consi-
dered world-class for state-of-the-art conventional
rail fechnology.

As HBSR is not a revolutionary technology but
rather an amalgamation of state-of-the-art compo-
nents, Canadian industry can have a major
participation in HSR. The technology transfer
process 1o achieve a high-level Canadian confent
for an HSR project in the Québec-Windsor
Corridor is not technically difficult, but costs are
constraining. There is some need to adapt HSR
technelogy to Canadian standards and climatic
condifions. The cost of adapting HSR technology
is estimated at roughly $20 million to cover some
40 potential research and development projects.

With appropriate industrial strategy measures
and some technology transfer, it was estimated
that Canadian firms could supply an estimated
85% of manufactured components for an H5R
project. The distribution of the manufacturing
activity would be in the order of 45% in Ontario,
35% in Québec and 5% in the rest of Canada, with
the remaining 15% being imports.

The choice of technology has been found
neutral relative o the Canadian content of the
project, as both representafive technologies

(200 km/h and 300 kmn/h) will require the same
approximate value of manufactured components
and face the same Canadian sourcing options.
Similarly, varicus routing scenarios of HSR
development would not have an impact on the
Canadian industrial capability, Canadian content
or distribution of marketing activity.

Export Pofential

Although Canadian industry has done well in
the U.5. market, “Buy America” requirements
continue to represent a significant obstacle to
Canadian HSR exports. The mere presence of a
Buy America requirement acts as an incentive for
prime contractors of potential U.S. projects to
consider only U.S. producers even where the Buy
America requirements would permit purchases
on non-U.S. goods. Since NAFTA continues to
exclude Buy America provisions, the possibility of
Canada gaining preferential {reatment under Buy
America is unlikely.

Opportunities for Canadian exporters exist,
however, through waivers to the Buy America
requirements. After analysis of the Buy America
act and its provisions, and after an evaluation of
non-legislated local content rules, it is estimated
that foreign firms would be eligible to compete for
50% of the U.S. ISR market for components and
services above the rail.

There is little export opportunity regardless of
technology. Potential Canadian exports of HSR
comporents and services with the different types
of technologies are presented in Table 9.4. A
Canadian HSR tilt technology project could
potentially generate Canadian exports of
components and services of $860 million over
20 years. A non-tilt technology could lead to
additional exports of $500 million for 20 years.
Without such projects, Canadian exports are
estimated at $260 million .

It has been estimated that only six new HSR
projects are expected to be built in the U.5. in the
next twenty years. Most of these projects would
use tilt technology on existing tracks as much as
possible. There are no current plans to build new
ROWs for non-tiit technology.
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Tilt technology was seen as having more
potential in foreign markets and therefore more
opportunity for Canadian participation.

Table 9.4 - Total estimated Canadian exports
of HSR components and services

Total Exports Cver 20 Years

(19938M Can.)
Canadian project scenarios
s, Othermte o
national

With Canadian Project & Tilt
Technology (200km/h) ....... 640 220 860
With Canadian Project & Non-
Tilt Technology {300 km/h) .... 330 170 500
Without Canadian Project ..... 190 70 260
Maximum Net Project Related
EXPOTES «evevaarianeniannanns 450 150 600

Possible HSR Industrial Strategy

To maxirnize the potential benefits to Canada of
an HSR project, the elements to consider in the
development of an industrial strategy are:

» TECHNOLOGY CHOICE. From an analysis of
markets for both types of technologies, it was
concluded that the tilt train (200 km/h techno-
logy) has more potential for encouraging
Canadian exports. This is the only strategic
element related to the choice of technology;

* TIMING OF THE CANADIAN PROJECT. To ensure
that potential export-related benefits are maxi-
mized, the Canadian project should be under-
taken before the commissioning of the next HSR
project in the United States (after the current
Northeast Corridor project between Boston and
Washington);

* COMPETITION. International fenders should be
mmvited for all subsystems, without being
restricted in any way to Canadian industries.
However, the development of Canadian prime
confractors in the electrification, communications
and signalling fields should be encouraged and
supported;

* CANADIAN  PRIMES. Canadian  prime
contractors in electrification, communications and

signalling should be encouraged and supported to
compete for all international projects.

* INDUSTRIAL BENEFITS AGREEMENTS. Each bid
should be required to include an indusirial
benefits plan that would outline the expected
benefits and how they would be achieved. This
plan should address Canadian content,
technology transfer, Canadian participation in
international projects, adaptive R&D and other
project-related and unreiated industrial benefits;

* GOVERNMENT SUPPORT PROGRAMS. Current
public sector industrial support programs should
be reviewed. Programs specifically related fo
industrial development, export promotion and
R & D should be used to strengthen Canadian
capabilities and HER technology;

* R&DSTRATEGY. Specific areas of R&DD should
be investigated to strengthen Canadian industry.
They include the development of distinctive
Canadian technology in HSR tilting, turbine
locomotives, signalling and communications.

Impacts on Urban Systems

The potential impacts of an HSR line on urban
systems in the Québec-Windsor Corridor were
examined. Because of the qualifative nature of this
analysis, it could not be specific to a particular
techniology or scenario.

High speed rail will reinforce the Quebec-
Windsor Corridor as Canada's primary urban
area. However, other factors such as immigration,
free trade, the Auto Pact, etc. will have far more
significant impacts on urban systems and
settlement patterns. Most importantly, an HSR
line will not substantially alter the Corridor's
relationship to other areas in Canada and the
United States since the Corridor already has a
highly developed inter-community transportation
network. HSR will, however, enhance the
Corridor and make it more attractive to visitors.

HSR will tend to reinforce the general trend
towards larger urban areas. However, the
magnitude of this centralizing effect can vary
significantly depending on how well HER stations
are linked by other transporiation services to
communities not directly served by HSR. There
are also pressures for larger urban areas fo
decentralize, a trend that HSR could facilitate.
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HSR Stafion Location

Cornmercial interest {passenger ridership) and
urban redevelopment potential generally suggest
that downtowns are preferable as HSR station
locations in larger communities because:

s cenfral business districts contain dense
concentrations of potential HER riders;

« economic activity in the core is more likely to
invelve intercity passenger travel;

= gowntowns focus major tourist attractions;

s downtown-te-downtown service is the HSR's
key competitive advantage over other modes; and

= development pressure will be focused in the
core ared, thus enhancing the potential real estate
value increases that an HSR station might trigger.

HSR stations are sometimes seen as develop-
mentcatalysts, but the findings suggest this is true
only in certain circumstances. HSR stations are likely
to focus or accelerate existing market pressure rather
than create new market pressure. Development
potential next to HSR stations will have to be
supported by active marketing efforts and effective
use of public land holdings.

The effect of station location on real estate prices
would also be modest, except in cases where HSR
stations are in areas with a well established market
for development. The location of an HSR station is
less significant in smaller communities because
access is less of an issue. There, ease of travel and
shorter core-fringe distances mean that the station
location is less important than whether or not HSR
service is available.

Impacts on individual urban areas

WINDSOR. HBR impacts on Windsor would be
modestly positive, but by no means as important to the
commurdty as a healthy automobile sector.

LOomDON. HSR would improve London's accessibility
to other centres in southern Ontario. However, the net
benefit of thisimprovement is likely to be mitigated by
the fact that the HSR provides a modest rather than a
dramatic improvement in accessibility to Kitchener and
Toronto, which are located less than 200 km away from
Londor. o

FITCHENER. Kitchener-Waterloo has a very high rate
of intercity travel, mostly to Toronto, and H5R would
provide improved service along the key Highway 401
corridor. Kitchener-Waterloo will continue to grow and
to have a strong economy with or without HSR. HSR
would, however, accelerate development in the vicinity
of the station. HSR will also reinforce Kitchener's sttong
links to Toronto,

TORONTO. Toronto is one of the focal points for
iritercity passenger travel within the Québec-Windsor
Corridor. A total of 26 million trips are made between
Toronto and other major urban areas within the
Corridor. HER, to the degree that it brings other Corridor
comanunities “closer” to Toronto, will tend to reinforce
Toronio as 2 cenire of social and economic actvities.
There is some potential for the HSR to increase Toronto's
commutershed {to Kingston, London and Kitchener-
Waterloo) but the anticipated HSR fare structure is likely
o Hrnit the magnitude of this effect.

KINGSTON. Kingsfon is not a large commumity
compared to the other HSR centres but it plays an
fmportant role both as a regional centre for eastern
Ontario and as an important institutional centre. The
increase in accessibility brought about by the HSR for
Kingston would be very significant as the City currently
has less developed air service fo other Corridor centres.

Orrawa-Hurt, Ottawa-Hull has important relations
with all other centres of the Corridor and HSR will
strengthen these links. Ottawa-Hull's strength as a
business, tourism and government cenfre will be re-
inforced by the increased ease of intercity access brought
about by HSR.

MONTREAL. The outlook for Montzréal is positive, and
this community will continue to have an important in-
fluence within Québec and Canada based on both its
economic and cultural significance. Montréal has ex-
tensive relations with other communities, particularly
with Québec City and Ottawa-Hull. HSR would benefit
both the business and tourist sectors of Montréal's eco-
nomy as it will facilitate the expansion of their markets.

TROIS-RIVIERES. Trois-Rivieres is a manufacturing and
natural resources-oriented region which has experienced
a relative decline in its economic importance, HSR will
have a limited effect on the outlook for Trois-Riviéres for
two important reasons. First, HSR would provide only a
modest improvement in accessibility to the region. Most
people will continue to drive to Montréal, a 142 km trip.
Secondly, Trois-Rivieres' economic struchure would not
significantly benefit from HSR; business service, tourism
activities and institutional functions are not primary
components of the regional economy.

QuEBec CIty. Québec is an important regional service
centre and the provinciai capital. HSR would have a
positive effect on Québec City, particulazly as a result of
its increased accessibility to Montréal. Although Québec
could lose out to Montréal in some areas of specialized
services, HSR couid also help retain some government or
other activities that might otherwise move to Montréal.
Queébec's attraction as a tourist destination will clearly
benefit from an improved leve] of accessibility with other
Corridor centres.
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Long Term Environmental Impacts

Scope and Objectives

One of the O/Q RTTF recommendations was to
undertake a more detailed assessment of the en-
vironmental costs and benefits associated with the
introduction of HSR. The specific objectives of this
study are to identify the long term environmental
impacts of HSR and quantify them as much as
possible, for inclusion in the cost-benefit analysis.
This was to include direct and indirect impacts on
biophysical systems and social elements that are
important to the justification of a choice between
HSR and other approaches to intercity passenger
services, The comparative analysis therefore
investigated not only the HSR technologies under
study but also a conventional multi-mode
development scenario (without HSR), in which
existing conventional passenger transportation
modes develop to satisfy projected demand for
intercity transportation.

The gquantified environmental and socio-
economic factors analysed include:

» energy consumption

« air pollution

» public safety

« land use and natural ecosystems

The non-quantified factors include:

+ noise and vibrations

» mobility

. regional economic development

+ location of economic activity.

The findings presented hereafter are based on
quantitative outputs produced by the various
component studies, inciuding the traffic forecasts

for the various modes of transportation with and
without HSK.

The impacts on regional economic development
and location of economic activity are presented in
other sections of this chapter.

Energy consumption

Investment in HSR would contribute to reduce
the anticipated increase in energy consumption
for intercity transportation in the corridor. By the
year 2025, annual energy consumption in the
corridor associated with the conventional multi-

mode scenario would be reduced by 20% in the
case of the 300 km /h HSR scenario and by 16% i
the case of the 200 km /h HSR scenario.

Additional environmental benefits associated
with the use of local renewable energy sources,
such as hydroelectricity, would be limited to the
section of the HSR corridor located in the
Province of Québec, where hydroelectricity is the
dominant energy option. Figure 9.1 presents the
inter-city travel energy consumption in the
corridor, with and without HSRK.

Figure 9.1 - Impact on energy consumpfion
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Atmospheric emissions contributing to the
greenhouse effect (CO, and CO) would be
reduced by the introduction of HSR. By the year
2025, annual emissions of carbon dioxide and
carbon monoxide related to intercity fravel within
the corridor would drop by 24% and 11% with the
introduction of the over 300 km/h technology and
by 18% and 10% with the 200 km /h technology.

Atmospheric emissions contributing to low
level ozone and urban smog (NOx and VOCs)
would also diminish. By the year 2025, annual
emissions of nitrous oxides related to interaty
travel within the corridor would drop by 31% int
the case of the 300 km/h technology and by 25%
in the case of the 200 km/h technology. Volatile
organic compounds would be reduced by 13%
and 11% respectively for the 300 and 200 km/h
systems.

Because of atmospheric emissions resulting
from thermal power generation in Ontario,
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investrment in HSR would lead to an increase in
emissions contributing to acid rain and fo urban
smmog (50, and SP). By 2025, annual emissions of
sulphur dioxide and suspended particles would
respectively increase by 46% and by a factor of 15
for the over 300 km/h technology, and by 28%
and a factor of 10 in the case of 200 km/h
technology, relative to the conventional multi-
mode scenario. The impact on these various air
pollution emissions in 2025 are presented in
Figure 9.2.

Figure 9.2 - Impact on air pollufion emissions
in 2025
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Public safety
Because existing HSR  systems have

experienced no fatalities, investment in HSR
would contribute to reduce the anticipated num-
ber of fatalities and injuries related to intercity
travel within the corridor. The impact on public
safety is shown in Figure 9.3. By 2025, the annual
nuzaber of fatalities would be reduced by 31% in
the case of the over 300 km/h technology and by
30% in the case of the 200 to 250 km/h
technology. The annual number of severe injuries
would be diminished by 12% for the over
300 kamn/h technology and by 10% for the 200 to
250 km/h technology. Most of these reductions
are due to reduced automobile traffic and
eliznination of at-grade road crossings.

Figure 9.3 - Impact on public safety
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Table 9.5 presents the total monetary value of
fatalities and injuries.

Table 9.5 - Total monetary value of death and
injuries {1993% millions)

2005 2025
No HSR 233 280
QW-M-300 183 225
QW-D-200 186 231

Land use and natural ecosystems

Preliminary routing studies have identified
environmentally sensitive areas. Although
appropriate planning can reduce the intrusion of
HSR within these areas, there could still be some
impacts with respect to the loss of
environmentally sensitive areas, barrier effects for
terrestrial fauna, the quantity and quality of
surface and ground water, and the integrity of
aquatic and terrestrial habitats. Appropriate
mitigation measures, as defined by the
environmental assessment studies, would
minimize these impacts. Some of these costs have
been mecluded in the costing of the routes.

Similar planning and mitigation measures can
also minimize impacts with respect to crop losses
on high quality land, to the loss of land in rural
and wurban communities as well as in
commercially valuable natural resources areas, to
barrier effects in inhabited areas, and to the
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disposal of potentially contaminated soils in
existing and future rail rights-of-way.

The total monetary value of lost crops on high
quality agricultural lands (classes 1 and 2) over
the life of the project as a result of implementation
of HSR have been estimated at $130.3 million
(1993) in the case of the over 300 km/h scenario
and at $111.6 million (1993) in the case of the
200 km /h scenario. These losses would occur as
land begins to be purchased.

Noise and Vibration

One major environmental problem associated
with HSR is the aerodynamic and wheel/rail
noise level. Wheel/rail noise exists at speeds
under 200 km/h. Above 200km /h, aerodynamic
noise becomes the dominent factor. Although
there is considerable effort from suppliers to
reduce noise levels, appropriate mitigation
measures would be required and have been
costed in the infrastructure capital investments.

Mobility

Although HSR would generally increase
mobility within the corridor and offer services to
persons with disabilities, it would reduce access
in smaller communities due to the dosing of
several conventional rail stations.

Conclusion

The environmental and sociceconomic analysis
carried out for the study confirms that investment
in high speed rail in the Québec-Windsor corridor
would represent a slight benefit for the human
and natural environment. The analysis also
confirms that investment in the over 300 km/h
technology would lead to greater environmental
and sociceconomic benefits than investment in the
200 km/h technology.

Economic Impacts

Objectives

The economic impact study evaluates the
direct, indirect and induced effects of
implementing HISR on output, empioyment and
income for the Canadian economy as well as for

the economy of Québec and Ontario, More than
aggregate implications are measured, since the
analysis takes into account the industries that
would supply HSR as well as the fact that H5R
would displace conventional rail and other
transportation services operated by businesses, in
addition to household use of the autormobile,

Methodology

Two econometric models were used o assess
HSR impacts, a national level model and =
provincial level model. They include a detailed
disaggregation of the economy, which aliowed the
incorporation and evaluation of results from other
component studies on impacts on other modes,
including the conventional rail mode.

Key Findings

Given the financial support required from
governments, the Steering Committee decided
that this additional financial support would be
funded by correspondingly reduced capital
expenditures on the part of the federal
government and the governments of Québec and
Ontario. This assumption has a crucial effect on
the economic impacts of HSR. Sensitivity of the
results to deficit financing has also been
evaluated.

Since an HSR system would shift economic
resources, this reallocation of resources in the
private economy would be approximately
balanced from the year 2004 onwards. Under such
circumnstances, one should expect that total
output, employment and real incomes in the
economy would be little changed. This has been
confirmed by the detailed economic analysis.

During the construction period (1995 to 2003),
which will require additional employment and
other real economic resources, real output and
other measures of economic activity are increased
significantly. However, during the operating
period, the size of the economy would be reduced
to levels of activity below these that would
otherwise prevail because of reduced spending on
other capital expenditures, VIA Rail subsidies and
reduced air carrier investments. Table 9.6 presenis
some key findings, which are discussed hereafter.
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Real Qutput Impacts (GDP)

For Canada, in the 300 km/h scenario, cumula-
tive changes in real output measured by GDP at
factor cost would be of the order of $0.9 billien
{1986) over the 1995-2020 time horizon. This
cumulative change varies enormously during the
construction and operating phases. During the
construction phase (1995 to 2003), real output
impact would be $5.8 billion (1986) whereas it
would be of ~$4.8 billion (1986) during the
operating phase (2004 onwards). The same trend
reversal applies to impacts in Québec and
Ontarlo,

For Canada again, in the 200 km/h scenario,
cumulative changes in real output measured by
GDF at factor cost would be negative at
-1.6 billion of 1986 doliars over the 1995-2020
tirme horizon. During the construction phase (1995
to 2003), real output impact would be $5.1 billion
{1986) whereas it would be of -$6.7 billion (1986)
during the operating phase (2004 onwards). For
Québec and Ontario, the net cumulative impact of
HER is marginally positive at $0.4 billion (1986)
over the 1995-2020 period for Québec and at
$0.1 billion (1986) for Ontario over the same
period. The samne trend reversal from constructon
to operating period applies to impacts in Québec
and Ontario.

Table 9.6 presents the impact on the Canadian
GDF for the base case scenarios as well as for the
MOT-D-300 scenario. Figure 9.4 presents the
cumulative impacts on GDP for Canada, Québec,

tario and the rest of Canada. Negative impacts
in the rest of Canada result from a shift in
government expenditures. This is directly
attributable to the assumption that the federal
government would contribute to the project by
reducing iis other capifal expendifures.

The scale of these cumulative impacts within
the global size of the economy are judged to be
imsignificant. The peak expansion of overall
economic activity (and employment) during the
construction phase should reach at most 0.4% and
0.3% in Ontario and Québec, for three to four
years into the next century. In this sense only does
FISR have a significant impact.

Figure 9.4 - Cumulative impacts on output
from 1995 to 2020
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Employment Impacts

In Canada, for the 300 km/h scenario, cumu-
lative changes in employment would be of the
order of 43,700 person-years over the 1995-2020
time horizon. This cumulative change varies
dramatically during the construction and
operating phases. During the construction phase
{1995 to 2003}, employment creation effect would
amount to 107,600 additional person-years
whereas it would be negative (-63,800 person-
years) during the operating phase (2004
onwards). The same reversal of trend applies to
employment impacts in Québec and Ontario.

For Canada, in the 200 km /h scenario, cumula-
tive changes in employment would be of the
order of 14,600 person-years over the 1995-2020
time horizon. During the construction phase (1995
to 2003), employment creation impact would
amount to 95,500 additional person-years whereas
it would be negative {(~81,000 person-years)
during the operating phase (2004 onwards). The
same trend reversal from construction to
operating period applies to employment impacts
in Québec and Ontario.

Figure 9.5 presents the cumulative impacts on
employment from 1995 to 2020 (in the two base
case scenarios for Canada, Québec, Ontario and
the rest of Canada).

Figure 9.6 displays, for the 300 km/h base
scenario, the annual impact on employment,
which mirrors the output effects.
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Table 9.6 -Economic impacts, key findings

Total GDP at Factor Cost (19865 billions)

Employment (000)

QW-M-300 ..o
QW-D-200 ... oo e
MOT-D-300 ..o e e

Public Sector Debi (19868 billions)

QW-M-300 ................ e
QW-D-200 .o oe i e e e
MOT-D-300 . ...ooovianiiii s

1595-2003 2004-20 1995-2020

5.8 -4.8 0.9
5.1 -6.7 -1.6
3.2 -1.5 1.7

107.6 -63.8 43.7
95.5 -81.0 14.6
6l.1 -29.0 32.0
-4.1 -2.5 -6.6
-3.7 -0.6 -4.3
2.4 =25 -4.9

Figure 9.5 - Cumulative impacts on
employment from 1995 to 2020
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Figure 9.6 - Total impact on employment in
Canada {QW-M-300)
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Comparative Analysis

The scale of the impacts during the construction
phase is sensitive to the length of line and speed
of the proposed HSR. The full corridor (Québec to
Windsor) scenarios require more investment
regources and generate more domestic output
than do the Montréal-Toronto scenarios. The over
300 km/h scenarlos, similarly, require more
resources and generate more domestic activity
than do the 200 km/h scenarios.

Druring the operating phase, the reductions in
overall activity in other sectors are partly
symmetrical to positive HSR impacts during the
operating phase. Reducfions in economic output
are larger for the full corridor scenarios. However,
because the 200 km/h scenarios are less viable
financially, reduced government capital spending
to fund larger net contributions to the operating
company produce larger negative impacts than
for the over 300 km/h scenarios. -

Concentration of Impacts

Since HSK spending is concentrated in
infrastructure, which in tumn is highly
concenirated in construction of the rail lines and
associated facilities, real economic impacts during
the construction phase will be highly concentrated
irt Québec and Ontario. Equipment procurement
targeted in Central Canada reinforces this. Finally,
since induced spending is disproportionately
directed to consumer durables, Central Canada,
as the location of such production, also benefits.

Government Capital Formation

As noted before, as operations of HSR begin,
and over the 2004-2020 period, additional
economic resources required to operate HSR are
approximately offset by reduced private spending
for other modes of transportation. That is, private
demand and economic activity are largely neutral
for total output, and involve only reallocations of
resources to alter the mode used by passenger
traffic. Accordingly, results during this period are
dominated by reduced government capital
formation. Soon after 2003, these reductions are
relatively large, but diminish as the net financing

requirements of the HSR operating company
move fowards zero.

Cost/Price, Domestic, Income and Tourism Impacts

No substantial impacts on aggregate costs or
prices are anticipated, and throughout most of the
operations phase, there are small, but continuing
negative effects on household and business
incomes. Given the cost/price effects, no
generalized impact on the foreign trade in travel
services is anticipated. Reduced domestic incomes
suggest that, within Canada, demand for
restaurants, accommodation and recreational
services would diminish, which suggests a small
reduction in prospects for the tourism industry.
By 2020, however, level of activities in this and all
other industries, will have returned to those of the
base case {(without H5R).

Public Sector Balances

Over the full 25 years, results show that public
sector balances would be cumulatively improved.
Stocks of debt should be reduced by $6.6 billion
(1986) for the 300 km /h scenario and $4.3 billion
(1985) for the 200 km/h scenario. For the public
sector as a whole, this follows from the fact that
positive effects on balances of a strengthened
economy during the first decade reduce their
succeeding interest payments by more than the
annual deficits emerging during the operations
phase.

Sensitivity to Debt Financing

Table 9.7 presents results of a government
funding financed through debt expansion. Real
output is increased over the operations phase, at
the expense of growing government deficits and
increased foreign borrowing. For the full corridor
300 km/h scenario, the stock of debt would
increase by $8.2 billion (1986), compared with a
reduction of $6.6 billion (1986). For the national
economy, the increase in GDP is 55% to 60%
higher during construction and cumulated over
1995-2020, the effect is approximately 10 times
larger. Employment would increase by
192,000 jobs, instead of 43,700.
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Table 9.7 -Economic impacts, sensitivity to debt financing

15895-2003 2004-20 1985-2020

Total GDP at Factor Cost {1986$ billions)

QW-M-300 ... e e 8.5 1.5 100

MOT-D-300 . .0vvveenenns T 48 13 6.1
Employment (000)

QW-M-300 Lo e e 155.5 372 192.8

MOT-D-300 . ..o i i s 89.9 15.5 105.4
Public Sector Debf {19868 billions)

OW-M-300 ... i e e e -1.8 10.0 8.2

TMOT-D-300 ... e -1.1 3.6 2.3

Conclusion HSR has no significant implications for

On balance, the economic analysis indicates
that HSR should have visible, if modest, positive
impacts on economic output, employment and
income for about a decade.

productivity or the structure of the economy
outside the transportation services, and there are
no permanent impacts on growth potential or
prospects.
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Cost-Benefit Analysis

Scope and Results

Arnother recommendation of the O/Q RTTF
was to undertake a full cost-benefit analysis of the
impacts of introducing HSR in order to have a fair
and detailed assessment of the project’s economic
viability. The specific objectives of this study were
to evaluate the economic viability of FSR both
from the point of view of Canadian society as well
as from the Ontario and Québec government
perspective. For these reasons, two different
models were developed: the Canadian model, a
classical cost-benefit model, where all costs and
benefits related to Canadian society are taken into
account, and a provincial model, which considers
the project from the point of view of Québec and
Ontaric. This latter model combines costs and
benefits from the point of view of the provincial
governments and their constituents.

Because the methodology for this analysis was
developed at the outset, all studies were designed
to provide as many quantitative inputs as pessible
for the cost-benefit analysis.

Table 10.1 outlines the main results of the
analysis using an 8% discount rate for the six
main scenarios analysed, in terms of net present
value (NPV) for both the Canadian and provincial
models.

Methodology

Cost-benefit analysis compares the economic
costs associated with the implementation of a
project over a given period with the economic
benefits it generates, using the doilar as unit of
measurement. The fime horizon considered in the
present cost-benefit study is 30 years, from 1995 to
2025, This type of analysis compares economic
costs and benefits from the point of view of
society, taking into account the social opportunity
cost of resources that would be used in the
project. These costs and benefits are then brought
back to the same reference period through

discounting. In the present study, all costs and
benefits were brought back to 1995. The resulting
net present value becomes the criteria by which
the project's economic viability is established. If
the net present value is positive, the benefits it
generates are higher than the costs, and the
praject is viable from the point of view of society.

Table 10.1 - Net present value at 8% discount
rate

- {1993 § millions)
Seenarios NPV  Rank NPV  Rank NPV  Rank
Canadn Québec Ontario
QW-M-300 683.5 4 -166.2 5 1714 4
QW-D-200  -319.7 6 -222.1 6 -531.7 [
QW-D-300 1,186.8 2 122.6 2 260.9 3
MOT-M-300 6879 3 -53.0 4 283.0 2
MOT-D-200 82.7 5 6.9 3 -212.5 5
MOT-D-300 1,284.8 1 245.1 i 430.1 1

Note: Québec and Ontario results come from different models
and therefore do not add to Canada results.

To measure the full impact of a project on the
welfare of society, cost-benefit analysis compares
the project under study with a reference situation
(without HSR) and determines whether the
project vields marginal benefits greater than
marginal costs. This type of analysis therefore
sirives to achieve an optimal allocation of
Tesources.

Since the objective of the analysis was to
evaluate the project both from the point of view of
Canada as a whole and from the point of view of
the two main provinces who would be funding it,
two different models were developed, as
mentioned previously. The main costs and
benefits for the Canadian model are as follows:

+ investment costs for HSR and light freight
trains;

+ savings in investment costs in VIA Rail;
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» operating costs for HSR and light freight « direct, indirect and induced labour
trains and station concessions; externalities;

and for light freight frains

« savings in Via Rail operating costs;
» exchange rate premium;
. negative environmental externalities;

operating revenues {including taxes) for HSR
and station

CONCessions;

= consurmer surplus;
« residual values;

« positive environmental externalities; and

« variations in costs and revenues of other
competing modes (air and road) as a result of
implementation of HSR.

Most of the above-listed variables were pro-
vided by the component studies or were derived
using input from the component studies.
Exchange rate premiums as well as direct, indirect

/7

Consumer surplus

The concept of consumer surplus is based on
economic theory at the level of individual consumers.
The demand for a commedity {such as a good or a
service) is related to the cost of the commodity. It is
almost always true that as the cost decreases, demand
will increase. The reason for purchasing a commodity is
that, for some combination of reasons, an individual
perceives the value of the commodity to be at least as
great as the cost. The perceived value of the commodity

minus the cost of the commodity is referred to as the

“consumer surplus" of that individual. For example; a

person might be willing to pay $150 for a train trip from -
. Montréal to Windsor, but if the ticket costs only $125, he
“would have a “consumer surplus” of $25. If a person
“perceived the value of the trip to be less than $125 he ¢
‘would decline to purchase the ticket.

If the cost of the train trip from Montréal to Wmdsor
were lowered to $105, our individual would experience
a net increase in benefit of $20, because he or she was
willing to “pay” at least $125 in order to make the trip. It
is easy to extend this principle to the total market,
because we know that all people making the trip when it
costs $125 were willing to “pay” at least that much, thus

“they have each received an increase of $20 in benefit. In

addition, this decrease in cost would have attracted more
train travellers; in this case, the people that valued the
trip at less than $125 but more than $105. It is usual to
assumme that the new riders value the trip at an average
value of $115, giving the new travellers an average
consumer surplus of $10 (half the value of the increase
for the other traveilers).

. In applying this concept to HSR, generalized costs

have been used. Generalized costs include the cost of
access and can include the monetary equivalent value of -

access Hime, waiting time and travel time. In addition, it
can include the monetary equivalent of modal constants
which represent the relative atiractiveness-of different
modes. For example, if a consumer was to feel that the
value of riding a frain is worth $10 more than riding a
bus because of considerations such as comfort, reliability,
etc., then this value of the modal constant could also be

L included in consumer surplus calculations. The values of

the modal constants were developed in the calibration of
the forecasting models.

The precise definition of the monetary values to be
included in consumer surplus is subject to discussion.
This concerns particularly the value of walting times
which according to some forecasting models are haif the
frequency or the mode of travel {air, bus, rail). Some may
argue that passengers arrive just in time for their flight or
train and fhat any change in frequency does not affect the
generalized costs. There is also no unanimity concerning
whether the values of modal constanis should be
included.

Because of these issues, the following altemative
definitions of consumer surplus have been used in the

" cost-benefit analysis :

+ . a base case including monetary costs (of fares and
access costs), the value of travel time and wail time

- .savings; -

. an'optimistic case including monetary costs, the
value of travel ime and wait time savings, and the vaiue
of the modal constants;

. a conservative case for sensitivity purposes with
zero consumer surplus.

Table 10.2 presents the total values in 19933 for each
scenario and the net present value of the consumer

surplus,

Table 10.2 - Consumer Surplus (19938 millions}

Scenarip Total value NPV

QW-M-300 6,671.9 13607
QW-D-ZDU 46832 976.4
QW-D-300 7.850.7 1,607.5
MOT-M-300 4,662.2 943.2
MOT-D-200 3,353.1 696.7
MOT-D-300 57174 1,164.3
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and induced labour externalities were calculated
i the cost-benefit study, consumer surplus being
& distinguishing feature of the cost-benefit
analysis,

The provincial models analyse the impact on
the Québer and Ontario collectivities and on their
respective provincial governments' finances.
Therefore, the confributions that the two
provinces would have to provide to fund the
project are very important and are taken into
account.

The main provincial costs and benefits are as
follows:

= the direct and indirect provincial (Québec
and Ontario) contributions to HSR; the indirect
centribution being the provincial share of the
Federal contribution to HSR;

» savings in the provincial contribution to the
federal subsidy to Via Rail;

« foreign exchange premiums attributable to
Cuébec and Ontario;

« variatons of the provincial contributions to
the subsidies to other competing modes;

= negative ervironmental  externalifies
attributable to Québec and to Ontario;

« fiscal impacts on Québec and Ontario;

« conswmer surplus attributable to Québec and
Omntaric;

« residual value atfributable to Québec and
Oritario;

« direct, mndirect and induced labour
externalities due fo HSR atiributable to Québec
ard Ontario;

= loss in labour externalities attributable to
{ruébec and Ontario as a result of reduced Via
Kail service; and

« posifive  environmental  externalities

attributable to Québec and Ontario.

Impacts on other competing modes inciude
impacts on airlines, the bus industry and on
automobiles. Investigation into these revealed that
there would be no impact on infrastructure
investments for other modes, but that there would
be impacts on their operating costs, revenues,
levels of subsidies and investment in equipment.
This impact has not been considered in the main
results of the benefit-cost analysis, on the
assumption that the long-run unit costs of the

industries would not be adversely affected.
However, recognizing that there is debate over
this, the impact on other modes has been
calculated as part of the sensitivity analysis.

Canadian Model Results

The discount rate is a very important factor in
the cost-benefit analysis. The federal government
uses a 10% discount rate in all their analyses. A
7% discount rate was suggested by the
consultants in charge of the benefit-cost analysis
as it approximates the real rate of interest on
borrowed funds in the financial analysis. Also,
this rate is used by Hydro-Québec in evaluating
large hydroelectricity projects.  The three
governments agreed on a discount rate of §% to
be used as the base case for the purposes of this
study. '

Figure 10.1 outlines the main results of the

study in terms of net present value (NPV) for the
Canadian model.

Figure 10.1 - Net present value
(Canadian model, base case}
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Scenarios

At an 8% discount rate, with a consumer
surplus in the range of 521 per passenger, all
scenarios under study are economically viable
except the 200 km /h scenario covering the entire
Québec-Windsor Corridor. The most
economically viable scenario is the 300 km/h
scenario covering the Montréal-Toronto segment
with a routing through Dorval (MOT-D-300), with
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a ret present value of $1,284.8 million (1993). This
is followed by the same scenario covering the
entire Québec-Windsor Cerridor {(QW-D-300)
which has a net present value of $1,186.8 million
{1993).

Other major results are as follows:

" the 200 km /h scenarios are ciearly inferior to
the 300 km /h scenarios;

» routing through Dorval is clearly superior to
routing through Mirabel;

s scenarios covering only the Montréal-
Toronfo segment are clearly superior to those
covering the entire Québec-Windsor Corridor;

* inclusion of the impacts on other competing
modes reduces the economic viability of all
scenarios; and

* summary analysis of the Québec-Toronto
scenario at 300 km/h through Mirabel reveals that
this scenaric yields a higher net present value
than the Québec-Windsor or Montréal-Toronto
300 km/h scenarios through Mirabel, but lower
net present value than the 300 km/h scenarios
with routing through Dorval.

Net operating revenues are the largest benefits
for all scenarios studied. They represent from 62%
to 68% of total benefits, according to the various
scenarios under study. This is followed by
consumer surplus, which represents from 17% to
23% of benefits. Together, they account for 79% to
91% of benefits and are by far the most important.
Next is residual value, which represents from 10%
to 12% of overall benefits and labour and
environmental externalities, which make up from
3% to 6% of total benefits.

On the cost side, net investment costs represent
an overwhelming 86% to 92 % of total costs. The
relative share of net operating costs ranges from
7% to 13 %, for a total investment and operating
costs share of 99%. Other economic costs are
foreign exchange premium, and labour and
negative environmental externalities.

Provincial Results

Figures 10.2 and 10.3 present the main results
of the study in terms of net present value (NPV)
for the provincial moedels.

These results assume that the investmenis in
HSR would be supported in proportions of 50%
by provinces and 50% by the Federal government.
For interprovincial segments, provincial
investments would be shared proportionaliy to
the length of track built in each province and the
relative origin of forecasted passengers. Any
change in these assumptions would modify the
results of these provincial models.

For Québec

At the Corridor level, at an 8% discount rate,
onty the 300 km/h scenario with a Dorval routing
is viable. At the level of the Montréal-Toronto
segment, both the 200 km/h and the 300 km/h
scenario with a Dorval routing are viable. As
indicated in Figure 10.2, the most economically
viable scenario is the 300 km/h scenario covering
the Montréal-Toronto segment with a roufing
through Dorval, with a net present value of $245.1
million (1993). This is followed by the same
scenario covering the enfire Québec-Windsor
Corridor ($122.6 million - 1993).

Other major findings include:

* the 200 km/h scenarios are clearly inferior to
the 300 km/h scenarios;

+ routing through Dorval is clearly superiér to
routing through Mirabel; and

* scenarios covering only the Montréal-
Toronto segment are clearly superior to the ones
covering the entire Québec-Windsor Corridor.

Consumer surplus is an important benefit for
all scenaries under study for Québec. This benefit
ranges from 43% to 62 % of the total benefits. This
is followed by residual value, the relative share of
which ranges from 18% fo 29%. Together, thess
two benefits represent between 72% and 81% of
total benefits. Fiscal impacts come in third
position with a relative weight of 13% to 17%.
Finally, labour and environmental externalities
account for 5% to 12% of benefits.

On the cost side, the mnet government
coniribution to HSR represents an overwhelming
98% of total costs, the rest being made up of
exchange rate premium and negative environ-
mental externalifies.
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Figure 10.2 - Net present value
[Québec model, base case)
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For Omtario

At the Cornidor level, at an 8% discount rate, alt
scenarios except the 200 km/k scenarios are
viable, as indicated in Figure 10.3. The most
econogically viable is again the Montréal-Toronto
300 km/h scenario through Dorval with a net
presend value of $430.1 million (1993). This is
followed by the Montréal-Toronto 300 km/h
scenaric with a Mirabel routing,

Other major findings include:

= the 200 km/h scenarios are clearly inferior to
thie 300 ki /h scenarios;

* routing through Dorval is clearly superior to
routing through Mirabel; and

» scenarios covering only the Montréal-
Toronto segment are clearly superior to the ones
covering the entire Québec-Windsor Corridor.

Ceonsumer surplus represents from 52% to 58%
of total benefits, This is followed by residual
vahize, which accounts for 20% to 22% of total
advantages. Together, they make up 75% to 80%
of all benefits. Fiscal impacis come in third
position with a relative weight of 9% to 12%.
Finally, labour and environmental externalities
account for the remainder, that is between 10%
and 15% of total benefits, according to the
scenario under study.

Figure 10.3 - Net present value
(Ontario model, base case)
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On the cost side, for Ontario, the net provincial
contribution to HSR accounts for 98% of all costs,
the remainder being the exchange rate premium
and negative environmental externalities.

Sensitivity Analyses

Sensitivity analyses with respect to the
foliowing parameters were undertakeru:

« the discount rate (7% and 10%, 8% being the
base);

« residual value (Jow and high, medium being
the base);

« level of consumer surplus {zero and high,
medium being the base);

« revenues (+10% from original forecast); and

» investment costs (+10% from original

forecast).

Given the very low level of labour and
environmental externalities, no sensitivity runs
were done on these variables, as they would not
have had any significant impact on the resuits.
The sensitivity analyses were performed on the
base results, which exclude impacts on other
modes as well as on results that include impacts
on other modes.



Cost-Benefit Analysis

Results of these analyses suggest that:

* Results are most sensitive to variations in the
discount rate, the level of consumer surplus,
investment costs and revenues.

» Inclusion of the impacts on other modes
reduces the economic viability of all scenarios in
the Canadian model but has the reverse effect at
the provincial level. This is due to the nature of
the provincial models, in which the only marginal
costs considered are subsidies to other modes.
Since the latter will drop because of HSR, this cost
reduction improves the viability of all scenarios.

To illustrate the above results, Table 10.3
outlines the results of the sensitivity analyses on
the MOT-D-300 scenario, which is the most
economically viable for Canada, Québec and
Ontario, with and without the impacts on other
modes.

{Québec-Toronto

An NPV of $762.5 million (1993) has been
estimated for the QT-M-300 scenaric. These
results are superior to the full corridor 300 km/h
'scenario through Mirabel $693.5 million (1993).
The Québec provincial results show a negative
NPV of $40.7 million (1993) compared with
-$166.2 million for the full corridor. The Ontario
provincial results are of $154.3 million compared
with $171.4 million for the full corridor.

Major Findings

In summary, the major findings of the cost-
benefit study are the following:

Routing is very important, as results show that
routing through Dorval is always superior to
routing through Mirabel;

The 300 km/h technology produces economic
results that are superior to the ones obtained with
the 200 kin/h technology;

The discount rate is a very important factor in
the cost-benefit analysis. The federal government
uses a 10% discount rate in all their analyses. A
7% discount rate was suggested by the
consultants in charge of the benefit-cost analysis
as it approximates the real rate of interest on
borrowed funds in the financial analysis. Also,
this rate is used by Hydro-Québec in evaluating

large hydroelectricity projects.  The three
governments agreed on a discount rate of 8% to
be used as the base case for the purposes of this
study.

Table 10.3 - Results of sensitivity analyses on
the MOT-D-300

Net present values {19935 million)

Canada  Québec  Ontaris

Without impact on other modes

Baseresults .......c0ocv.nn. 1,284.8 245.1 430.1

Variations in discount rate

0% . coie e 206.1 122.8 106.8
Yo e 21766 3487 FIl6
Variations in consumer surplus
ZEIO iviiir e 1207 -876 -4012
High.......oovivieentn 1,904.8 4958 7994
Variations in costs
F20% e 5463 1075 -1l
“20% b 2,015.7 3815  B6RS
Variations in revenues
~20% e 803.3 419 -1331
+10% .o 1,730.5 4481 2925
With impacts on other modes
Baseresults ............... 8417 2477 4677

Variations in disqount rate
1,649.0 3528 7666
-110.6 124.7 133.3

=3 4o TN -3224 -850 -363.6

High.................. 1,461.7 49846 836.9
Variations in costs

FA0% i 103.2 1101 255

S20% .. e 1,572.6 3842 9061

S30% 380.6 44.6 -92.0
1,267.1 45056 10265

The impact on the other modes, and
particular the air industry, has not been included
in the base case estimate, as there is considerable
debate about whether the unit costs of the airline
industry would be adversely affected in the long
run. If the impact on the other modes is taken into
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account, the economic viability of all scenarios
would be reduced.

Under the base assumptions of an 8% discount
rate and a consumer surplus in the range of $21
per passenger, all scenarios, except the QW 200
km/h, are viable. The scenario which yields the
highest economic return for Canada as well as for
the provinces of Québec and Ontario is the
Montréal-Toronto 300 km/h scenario with a
Dorval routing, with a net present value (NPV) of
51,2848 million (1993) for Canada, of
$245.1 million (1993) for Québec and of $430.1
miltion (1993} for Ontario, This yields the best
economic performance by far.

At a discount rate of 8%, all scenarios except for
the QW-D-200 scenario had a positive NI'V. When
the discount rate is increased to 10%, only one
scenario remains viable, MOT-D-300, with the
NPV falling from $1284 to $206 million
(discounted dollars). If the 10% discount rate is
combined with either an increase in costs or a
decrease in revenues, then all scenarios are no
longer viable, including the MOT-D-300 scenario.

If the discount rate is reduced to 7%, the resuits
of all scenarios show a positive NPV. The NPV of
the MOT-D-300 scenario increases to
$2177 million (discounted dollars). Even if the 7%
discount rate is combined with an increase in
costs or a decrease in revenues, all the 300 km /hr
scenarios rémain viable.
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Risks, Assumptions and Sensitivities

Any megaproject the size of the Québec-
Windsor HSR project, whether it be for the entire
corridor or for the Montréal-Toronto segment,
entails a number of risks and uncertainties. In this
case, the lack of experience with HSR in North
America and particulary in Canadian climatic
conditions creates uncertainty in the ridership and
reverues, in the construction and maintenance of
such a high quality roadbed and in operations in
our winter conditions. Several studies focused on
these specific issues, which were known at the
outset of the study to evaluate the feasibility and
risks, provide appropriate contingencies or
evaluate the sensitivity of the results to various
parameters.

The infent of the study was not to undertake a
detailed engineering feasibility study from an
engineering perspective. The objective was to
define representative costs and revenues. All
problems were not to be resolved, although in
each case resolution had to be known as possible.
It many circumstances, assumptions were made.
This was done in view of the fact that, as for any
project of this type, detailed feasibility studies and
R&D would be required before implementation.
Such studies would be required to finalize the
routing, undertake an environment assessment
and provide more detail and precise cost and
revenue estimates to secure the public and private
financing regquirements, However, these studies
are not expected to substantially change the
resulis of the current studies.

All efforts have been made to provide an
objective evaluation rather than a promoter's
perspective. In addition to the consultants who
undertook the studies, the three governments
thoroughly reviewed the methodologies, input
assumptions and results. The major railways,
suppliers and operators were consulted,
particulary on the issues of construction and
operating costs. The overall demand forecasting
strategy was designed to produce reliable

forecasts with the use of three renowned
forecasting firms and the largest database ever.

Because of this process, the Steering Comumitiee
has a high degree of confidence in the results of
the studies. It believes that the overall results
provide a sufficient degree of precision to enable
a recommendation on whether or nof
governments should decide to initiate and/or
suppbr% HSR in the Québec/Windsor corridor.

However, it is important to recall the major
risks and uncertainties as well as summarize
results of the sensitivity analyses of the various
component studies.

Passenger and Revenue Forecasts

Major Risks

Project viability depends on ridership and
revenue projections. Although public modes of
transportation already attract 9.5 million
passengers in the corridor, there is always 2
potential doubt about the attractiveness of
introducing a mnew transportation service,
especially the first H5R service in North America.
For these reasons, the overall forecasting
methodology was intended to increase reliability.
Three forecasters, with three independent
approaches, were directed to use a common sef of
input assumptions. These were related {o exishing
and future conditions on other modes of
transportation. Based on their results, the
Steering Committee decided to select neither the
highest nor the Jowest forecast but an average of
two.

The financial advisors to the project, La Bangque
Nationale de Paris (BNP) endorsed the use of an
average forecast and indicated that, in their
present form, none of the forecasts would be
adequate fo secure project financing from
financial institutions. Financial institutions would
still require additional studies and/or audits
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during their appraisal process before making a
decision to finance the project. However, it was of
course recognized that the project had not
reached the stage where funds must be raised for
implementation. Therefore, governments will
base their respective decision on the information
presently available. -

Major risks related to the forecasts are :

& COMPETITIVE RESPONSE FROM THE AIRLINES. In
the present study, it has been assumed that
airfares would remain at the same relative levels.
In the short term, the airlines’ response could be
very aggressive. But, in wview of recent
compefitive battles in the Montréal-Toronto
corridor, it has been assumed that in the long
term, the airlines could not sustain significantly
lower prices, Compefitive action such as fare
reductions and the duration of such a response
could have varying levels of effects on both HSR
and airlines revenues. Connect air and local air
generate close {0 18% of the ridership.

e [IVERSION FROM AUTOMOBILES. As in the case
irt mnany other industrial countries, Canadians are
undoubiedly attached to their cars. Will they react
as the forecasters have predicted on the basis of
generalized costs and stated preference
assumnptions? The forecasters concluded that
diversions from automobiles could account for
32% to 47 % of the 300 ki /h system ridership.
For the purpose of the study an average of 39 %
was used.

@ INDUCED DEMAND. Induced demand
depending on the scenario represents 18% to 23%
of forecasted ridership. History has shown that
improvements in transportation (trains, cars,
airplanes, freeways) have always increased
dernand and mobility. It is difficult to say how
Canadians will react to this new mode. The
forecasters have diverging views as results range
from 10% to 30%.

® MARKET SURVEY., Although a very compre-
hensive market study was conducted in the
corridor, some of the markets were not analyzed.
For example, O/D data was not available for the
Duébec/Trois-Riviéres segment, trips to Mirabel
airport, or for short term inter-city car rental
USErs,

¢ CONGESTION NEAR URBAN AREAS. Animpor-
tant element of intercity travelling time is road
congestion in and near urban areas. In the present
study, it has been assumed that congestion would
remain at the same levels as it is today. Road
congestion could increase and encourage shifts to
HSR.

» TRIF TIMES, FREQUENCY AND SPEED ISSUES. For
the purpose of this study, current HSR operating
speeds have been used. However existing
technologies have a potential of running at much
higher speeds, which would reduce travelling
times and thus could increase revenues. For
example, increasing the speed from 200 to
250 km /h would result in 20% more revenue, 10%
higher operating cost and increase on total system
investrment cost of 5 % due to the elimination of
ievel crossings. A speed increase from 300 to
350 km/h would increase revenues by 10% and
operating costs by 6 %. Increasing frequency by
three trips a day would result in an average
increase in ridership of 4% to 10 %.

* SUBURBAN STATIONS. Total system costs
include suburban stations and HSR travelling
times include stops at these stations. However, the
advantages or disadvantages of stopping at these
stations were not fully evaluated, .

Sensitivities
In order to evaluate the impact of variations in
the passenger and revenue forecast, sensitivity

analyses concentrated on the financial and cost-
benefit analyses.

In the financial analysis, a reduction in
revenues of 10 % would leave the public sector
internal rate of return (IRR} (including tax
revenue) positive in all scenarios except QW-D-
200, but less than 4% except for the two MOT-D-
300 scenarios, while the private sector IRR wouid
fall below the 12 % hurdle rate in all cases. In the
most financially attractive scenario, MOT-D-
300NA, the private sector IRR would fall from
12.34% to 11.20%, while the public sector IRR
would fall from 7.13% to 5.27%. On the other
hand, with a 10% increase in revenues, public
sector IRR would be above 4% in all scenarios, In
addition to the two MOT scenarios, the private
sector (IRR) would also be above 12% for the QW-
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D-300 scenario, For the most financially attractive
scenario, the private sector [RR would increase to
13.14%, while the public sector IRR would
increase to 8.45 %.

In the cost-benefit analysis, a 10% reduction in
revenues for the base case would leave both
200 km /hr scenarios with a negative Net Present
Value (NPV) at an 8% discount rate. All other
scenarios would remain posifive, although the
NPV would be reduced by at least 35% in all
cases. For the best scenario, the NPV decrease
from $1284 to $803 million{discounted dollars).
On the other hand, an increase in revenues of 10%
would make all scenarios viable at an 8% discount
rate and would increase the NPV by at least 35%
in all cases. For the best scenario, the NPV
increases to $1731 million (discounted dollars).

Initial Capital Costs

Major Risks

There are two mains issues:
« cost of adaptability;
= accuracy of initial cost estimates.

Adaptability

Although the study focused on the use of
representative technologies that are already in
commercial service, none of these operate in the
Canadian climatic and regulatory environment.
The studies and discussions with suppliers,
operators and regulatory authorities indicate that
although a number of research and development
subjects have been identified, HSKR technology
could be adapted to the Canadian climatic and
regulatory environment. Some costs are included
in the capital costs. There are however a number
of issues that would need to be resolved:

* adaptation to North American rolling stock
standards: although technologies do not presently
comply with North American vehicle standards
ABB and Bombardier have committed themselves
to meeting those standards;

» feasibility of modifying other existing
regulations and the introduction of performance
based standards;

¢ undertaking and completing a number of
Ré&D subjects: Le. minimizing noise and vibration.

Initial Capital Costs

In developing capital costs, numerous
assumptions have been made which would need
to be confirmed in the planning stages of this
project such as:

« use of existing rail right-of-way, particulary
in the urban areas;

» freatment of grade crossings, speed limits
and road closures;

« land use conflicts;

+ requests for route changes and additional
stations; C )

» environmental approvals and mitigation of
environmental impacts;

« contaminated soils.

Costs are believed to be accurate within a range
of +20% due to the fact that no field studies of .
soils conditions were undertaken.

Provisions have been included in the cost
estimates for these issues. Major risks that must be
considered include:

* RIGHT-OF-WAY IN URBAN AREAS. Use of
existing right-of-way in urban areas, although
achievable, would be conditional to the
rationalization of CN, CP and commuter opera-
tions. Should this not materialize, additional costs
would be incurred.

* ENVIRONMENT, Some environmental mit-
gation measures have been included in the cost
estimates but there are environmental aspects,
such as the presence of contaminated soils that
have not been studied in detail since we are not at
the detailed engineering stage. The presence of
large quantities of such soils would increase
removal and disposal costs. The same would be
true for other environmental aspects closely
related to location of the tracks.

¢ REPRESENTATIVE ROUTES. Costs have been
estimated based on the selection of representative
routes and potential station locations. Should
these change for one reason or another, there
could be impacts on the costs. Optimisation of the
routes might result in savings.
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® SINGLE TRACK OPERATION. In the capital cost
analysis, single track operation was assumed for
ihe segment between London and Windsor. Two
other segments (Toronto-London and Québec-
Montréal) were assessed for potential single track
operation. While single track operation in these
segrments is technically and operationally feasible
and could show appreciable cost savings, it was
conclided that at this level of investigation,
double track operation was more appropriate for
the purpose of this study.

Sensitivities

In order to evaluate the impact of a possible
variation in the inifial capital costs, sensitivity
analyses concentrated on the financial and cost-
benefit analyses.

I the financial analysis, an increase in the
initial capital costs of 20% would siill leave the
public sector IRR (including tax revenue) positive
for all scenarios, although all scenarios, except the
MOT-D-300 scenarios would earn less than a 4%
return. The private sector IRR would fall below
the 12% hurdle rate in all cases. In the most
financially attractive scenaric, MOT-D-300NA,
the private sector IRR would fall from 12.34% to
11.97%, while the public sector IRR would fall
from 7.13% to 5.80%. On the other hand, with a
20% decrease in initial capital costs, the public
sector IRR would be above 4% for all scenarios
but the two MOT scenarios still would be the only
ones with a private sector IRR above 12%. In the
most financially attractive scenario, the private
sector IRE would increase to 12.59%, while the
public sector IRR would increase to 8.56%.

In the cost-benefit analysis, with an increase in
the initial cost of 20% for the base case, all
scenarios except the MOT-D-300 scenarios would
no longer be viable at an 8% discount rate. For
the best scenario, the NPV decreases from 51284
to $546 million (discounted dollars). On the
positive side, a decrease in initial cost of 20%
would make all scenarios viable at an 8% discount
rate and would increase the NPV by at least 57%
in all the cases, For the best scenario, the NPV
increases to $2016 million (discounted dollars).

The impact of a one-year variation in the
construction period was also considered in the

financial analysis. Its impact would be similar to
a 20% change in initial capital costs. In the MOT-
D-300 scenaric, a one-year reduction in the
construction period would increase the public
sector IRR from 6.65% to 8.09% while the private
sector IRR would increase from 12.15% to 12.45%.
An increase in the construction period of one year
would reduce the public sector IRR to 5.29% while
the private sector IRR would drop to 11.84%.

Operating Cost

Major Risks

More detailed forecasts would enable an HSR
authority to produce optimal operating scenarios.
However, only the test of time will permit a
complete knowledge of the true operating and
maintenance costs. Estimates provided by the
consultants have been thoroughly reviewed by
HSR operators and Canadian railways.
Contingencies have been included, although final
results may vary. An HSR will nevertheless
generate a substantial operating surplus.

Major risks related to the operations are the
following:

* RAILWAY LABOR PRACTICES. Changes have
already begun, which would likely make it
possible to accommodate the needs of HSR.

* MAINTENANCE ACTIVITIES. The largest
uncertainty is the extent of maintenance activity
required to maintain the high quality track
structure on the year-round basis required for
reliable HSR operation.

» OPTIMISATION. Some efforts were made in the
forecasting exercise to optimise revenues on the
basis of fares. However, at this level of
investigation, no analysis was conducted to
similarly optimise operating profits in relation to
predicted passenger volumes.

Sensitivities

In order to evaluate the impact of a variation in
operating costs, a sensitivity on the impact on the
financial analysis of a 10% change in operating
costs was evaluated first. The impact of a change

in operating costs is not significant, with all
scenarios substantially less sensitive to changes in
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operating costs than to changes in operating
revenues and initial capital costs. Based on this,
no further sensitivity analyses were conducted.

Financial Projections

Considerable effort was made to present fairly
the financial projections relating to each scenario
under study. However, revenues and costs are
subject to uncertainty, as they are subject to a
number of factors and assumptions. The scope of
the project, accuracy of estimates, changing
financial markets, economic cycles, inflation,
investor and lender perceptions, changing
legislative context, evolving preferences of the
travelling public are issues that can influence
financial results.

Major Risks

Important financial elements that are not within
the control of the project are changing financial
markets, economics cycles, inflation and investor’s
and lender’s perceptions. For example, a yearly
inflation rate of 3 % adds $3.4 billion to the initial
cost of $10.5 billion (19938), while financing costs
add another $4.4 billion, bringing the total to
$18.3 billion (current dollars) spent until 2005 for
the full Québec-Windsor corridor; this represents
a 75 % increase over the initial constant dollar
cost. Any significant change in such elements
could have a large impact on the financial results.

Other major assumptions that could affect the
financial results (in addition to those noted
previously in the sections on ridership, initial
capital costs and operating costs) are:

* INTEREST RATES. For the purpose of the
financial analysis, it has been assumed - that
private sector loans are based on the federal
government's long-term borrowing rate that was
approximately 9% at the time the analysis was
undertaken. For example, the infrastructure and
technology notes, which are backed by
governments guarantees, are set at 9% (50 base
points above the long-term borrowing rate).
Should HSR proceed, it is very likely that the
inferest rates at which the project is financed will
differ from those used in this analysis. While the
real interest rate is high from an historic
perspective, inflation is relatively low. It must be

remembered that it is not possible to predict, with
any degree of certainty, future capital market
conditions or the expectations of future investors.

* RESIDUAL VALUE. Changes in the residual
value would have a reasonably important impact
on the vaiue of the IRR. The residual value used is
designed to provide a measure of the financial
risks (i) that parts of the project, for a variety of
reasons, could be rendered technelogically
obsolete at some future date, and () that privafe
sector lenders and investors will heavily discount
the residual value, regardless of its validity since
it is so far in the future. In considering this, the
financial consultants included what they believed
to be a financially conservative estimate of the
replacement cost of the project’s assets, equivalent
to approximately 65% of the original cost
(including interest during the construction
period), fully inflated through to the year 2035.
While this approach may be appropriate in
determining the private sector's internal rate of
return, there is more of a debate regarding the
determination of the public sector's internal rate
of return. While some analysts may see merif in
attributing a lower replacement cost, thus
resulting in a higher residual value, others believe
that the approach followed by the financial
consultant might also be appropriate for the
public sector.

* INSTITUTIONAL OPTIONS. A number of
institutional options were not analyzed, which
could lead to higher or lower returns for
governments.

* PHASING. For analytical purposes, it was
assumed that for both the Québec-Windsor and
Montréal-Ottawa-Torontc scenarios, the entire
line would be constructed at the same fime o
pernit start-up of operations on the full segment
simultaneously. A phased construction approach
on smaller segments, which is most probable, was
not considered at this level of analysis.

Sensitivities
In addition to changes in operafing revenues
and costs, and initial capital costs which have

already been discussed, the impact on the
financial projections of variations in interest rafes,
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the residual value, and a combination of the most
significant variables was also analyzed.

An increase of 1 % point in interest rates would
have & pnuch greater impact on the public sector
than on the private sector, as the public sector
covers 71% to 78% of the project costs and risks.
While the public sector IRR would be positive, it
would be under 4% for both 200 km/hr scenarios
and all Québec-Windsor scenarios. For the private
sector, the IRR would decrease slightly for all
scenarios, but the MOT-D-300 scenarios would
remain above 12%. In the most financially
attractive scenario, the IRR for the public sector
would decrease from 7.13% fo 5.94% while the
IRR for the private sector would decrease from
12.34% to 12.28%. On the other hand, a reduction
of 1% point in interest rates would result in a
public sector IRR that would be above 4 % for all
scenarios while the private sector IRR would
increase slightly but would not result in any
noteworthy change. In the most financially
atiractive scenario, the public sector IRR would
increase to 8.41% while the private sector IRR
would increase to 12.36%.

Changes in the residual value would have a
reasonably important impact on the calculation of
the IRR, particulary for the public sector. With a
zero residual value, the public sector would eamn
a rate of return of less than 4 % (including tax
revenue) for all scenarios except for the MOT-D-
300 scenarios, while the private sector would earn
a rate of returm less than 12 % for all scenarios. In
the most financially attractive scenario, the public
sector IRR would decrease from 7.13 to 513 and
the private sector IRR would decrease from 12.34
to 11.84 %. On the other hand, using a residual
value with a replacement cost of 32.5% of project
cost (65% was used for the base case), the public
sector would earmn an IRR above 4 % {ncluding
tax revenue) for all scenarios, while the IRR for
the private sector would not change substantially.
For the most financially attractive scenario, the
public sector IRR would increase to 7.68 % and
the private sector IRR would increase to 12.62 %.

To this point, only changes in individual
variables have been analysed. It is also important
to understand the impact when more than one
variable changes. With this in mind, 2 sensitivity

analysis incorporating a 10% decrease in
revenues, a 20% increase in construction costs and
a one-year delay fo the construction period was
undertaken for the financial projections. The
public sector IRR would fall to less than 4% in all
cases and would be negative for the 200 km/hr
.scenarios and the QW-M-300 scenario, while the
private sector IRR would be under 12% for all
scenarios, In the most financially atiractive
scénario, the public sector IRR would fall from
7.13% to 2.67 % while the private sector IRR
would fall from 12.34% to 10.34%. On the other
hand, with an increase in revenues of 10%, a
decrease in cost of 20% and a one-year reduction
in the construction period, the public sector IRR
would be above 10 % for all but the 200 km/hr
scenarios and the QW-M-300 scenario, while the
privaie sector IRR would be above 12% for all but
the 200 km/hr scenarios. In the most financially
attractive scenario, the public sector IRR would
increase to 11.97%, and the private sector IRR to
13.62%.

It is irnportant to note that financial returns to
the public sector are more affected by changes to
key variables than are returns to the private
sector.

Cost-Benefit Analysis

In addition to the risks identified and the
sensitivity analysis undertaken on variations in
revenues and costs (initial capital costs and
operating costs), sensitivity analyses on other key
variables affecting the cost-benefit analysis were
also conducted in order to test the robusiness of
the results and further assess the risk associated
with the project.

The cost-benefit results are more sensitive to
variations in the discount rate (rates of 7% and
10% were tested), consumer surplus estimates
(-100%, +75%), initial capital costs (= 20%) and
revenues (+10%). Sensitivities to initial capital
costs and revenues have been discussed
previously.

Consumer surplus was estimated as the
difference between generalized cost (which
includes costs of fares and access costs, and the
monetary equivalent of the value of access time,
fravel fime and wailt time) for passengers
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travelling in the corridor with or without HSR.
Although the approach to estimating consumer
surplus is fairly standard, there are difficulties in
accurately estimating its value. For the QW-D-300
scenario, the consumer surplus was evaluated at
$21 per passenger. Some economists are of the
opinion that such elements as comfort and
convenience should be included in the calculation
of consumer surplus. With the inclusion of these
elements, the average value is estimated at $35
per passenger. On the other hand, others may be
of the opinion that the only relevant elements of
consumer surplus could be captured in
passengers’” modal choice decisions through
difference in fares, without taking inte account
access/egress costs and overall journey time
savings. For these reasons, sensitivity analyses
were conducted at $35 (upper bound will vary by
scenario} and zero consumer surplus value.

The results of the cost benefit analyses are very
sensitive to this variation in consumer surplus.
With a zero value for consumer surplus, only the
MOT-D-300 scenario remains viable. The NPV
falls from §$1284 million to $121 million
(discounted dollars). With the upper boundary
consumer surplus estimate, all scenarios are
viable, with the NPV of the MOT-D-300 scenario
increasing to $1905 million.

Since the impact of changing the residual value
had a significant effect on the financial analysis, it
was also examined in the context of the cost-
benefit analysis. In this case, it did not change
results appreciably.

At a discount rate of 8%, which was used for
the base case, all scenarios except for the QW-D-
200 scenaric had a positive NTV. When the
discount rate is increased to 10%, orly one
scenario remains viable, MOT-D-300, with the
NPV falling from §1284 to $206 million
(discounted dollars). If the 10% discount rate is
combined with either an increase in costs or a
decrease In revenues, then all scenarios are no
ionger viable, including the MOT-D-300 scenario.

If the discount rate is reduced to 7%, the results
of all scenarios show a positive NPV. The MNPV of
the MOT-D-300 scenario increases o
$2177 million (discounted dollars). Even if the 7%
discount rate is combined with an increase in
costs or a decrease in revenues, all the 300 ko /hir
scenarios remain viable.
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Major Findings, Conclusions & Recommendations

The present studies have addressed most of the
issues raised by the Ontario/Québec Rapid Train
Task Force, Although there are a number of
uncertainties and risks that could be reduced
should H5R proceed to the implementation phase,
the current studies have provided enough
information to the Steering Committee to enable
it to recommmend whether or not the Governmnents
of Canada, Ontaric and Québec should initiate
and/or support the development of HSR in the
Cuébec Windsor corridor.

The main findings of the component studies are
outlined hereafter.

Technology

Existing HSR systems are the fruit of
corsiderable amount of R&D and reflect the state
of the art, particularly in the areas of railway
vehicle design and signalling, as well as track and
infrastructure standards. HSR is adaptable to
Canadian conditions. However, Canada would
need to invest in some R&D as current European
R& D does not address our specific needs.

Rouling

The present study did not define final routes
for HSRE but only “representative” routes, in order
to carry out more detailed cost estimates, trip time
and revenue projections. For example, more study
is needed on routing between Montréal and
Ottawa. Options such as a route serving Mirabel
and then crossing over to Ontario further west
were not studied in detail.

Total system costs between Québec and
Windsor (some 1200 km) are estimated at
52.5 billion for the 200 km/h system and at
$10.5 billion for the 300 km/h system. Costs for
the Toronto-Montréal segment {over 600 km) are
estimated at $5.4 billion and $6.1 billion
respectively for the 200 km/h and 300 km/h

systems. The Québec-Toronto, 300 km/h scenario
would cost $8 billion.!

In order to provide year-round high speed
operation, existing tracks and roadbed need
complete reconstruction.

There is no significant difference in cost
between using existing rail right-of-way and new
“green field” routes.

There are no significant differences in costs
between 200 km/h and 300 km/h routes. The
capital cost differences that do exist are primarily
due to the use of level crossings, which reduces
the costs by $500 million on the 200 km /h route.

Single track could be a cost-effective solution
on the Windsor-London segment. The single track
option would need to be further evaluated
financially and operationally for the Montréal-
Québec and Toronte-London segments.

Operations

Representative technologies were chosen to
provide operating plans and system costs based
on actual data. The representative technology for
the 300 km /h system was the TGV-Atlantique as
produced by GEC-Alsthom. For the 200 km/h
system, the X-2000 technology produced by ABB
was chosen.

Travel imes would be significantly improved
over existing VIA Rail services. For example,
between Québec and Moniréal, a trip time of
T hour and 12 minutes could be achieved, and

*For the Québec-Windsor 200 km/h scenario, a yearly inflation
rate of 3% adds 3.0 billion and financing costs during construction
period add a further $4.0 billion for a total of 516.5 billion spent up to
2005. Using the same assumptions, the Québec-Windsor 300 kan/h
scenario adds up to $18.3 billion while the Toronto-Montréal segments
add up to $9.4 billion and $10.7 billion for the 200 and the 300 km/h
systems, respectively. Similarly, the Québec-Torente 300 km/h

scenario would add up to $14.0 billion,
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between Montréal and Toronto through Ottawa,
a trip time of 2 hours and 18 minutes would be
feasible with a 300 ki /h system. This compares
to VIA’s current fastest travel times of 3 hours
and 59 minutes between Toronto and Montréal
and 2 hours and 46 minutes between Québec and
Moniréal.

The nature of an HSR operation would be
different from current VIA Rail operations in the
corridor. Frequencies offered on all origin-
destinations within the corridor would be
significantly increased over existing VIA Rail
services and would be comparable to air
frequencies. Investment in HSR would offer the
opportunity {o improve Intercity transportation in
the corridor. However, some communities that
are currently served by VIA Rail will not be
served by an FISR system.

In the first year of operation, operating costs are
in the range of 40% of operating revenues. HSR
would generate a substantial operating surplus
which could improve over time as ridership
increases.

Ridership and Revenues

The intercity passenger market in the corridor
in 1992 totalled some 109 million person-trips;
automobiles accounted for 99 million trips, air for
4.1 million, followed by rail with 2.9 million and
bus with 2.6 million.

HSR could attact over 10 million riders per vear
in 2005 on a 200 km/h system and close to
12 million for the 300 km/h system in the
Québec/Windsor corrider. In 2025 the number of
passengers would be 15 and 19 million
respectively. The Montréal-Ottawa-Toronto
segment represents close to 56% of total corridor
ridership, and the Québec-Toronto scenario
approximately 75%.

Approximately 80% of future HSR traveliers
could be diverted from other modes in the
corridor. Those being diverted from automobile
would account for 40% of FISR ridership, 18%
from air (local and connecting flights), 15% from
VIA Rail and 8% from buses. Induced traffic {trips
that would not have been made without HSR)
generated by this new service could represent

approximately 23% of the ridership for the
300 km/h system, compared to 18% for the
200 km /h system.

Even with HSR, the automobile mode would
continue to be the dominant intercity passenger
transportation mode in the corridor.

Approximately 60% of the 300 km/h systern
patronage is non-business and 40%, business.
Business ridership, however, would generate
approximately 50% of revenues.

In constant 19935 revenues for the first year of
operation, for the 300 km /h system (for the entire
corridor) in 2005 would be $900 millionn and
$700 million for the 200 km/h. In 2025 revenues
would be $1.5 billienn (1993$) and $1.2 billion
respectively.

Impact on Other Modes in the Corridor

The levels of diversion of travellers from their
existing modes to HSR, would not reduce the
requirements for road or airport infrastructure
mvestments,

Air carriers could lose #44% of their projected
corridor ridership in 2005. The reduction to
contribution to overhead and profit when taking
into account avoided investments would be
approximately $99 million per year (19935).

The impact on the bus industry's overhead and
profits is expected to be slighily negative
(-$1 million) for a full corridor implementation
and slightly positive for a Moniréal-Toronto
scenario ($1 million)

in the long term, the impact on government
support of other modes, excluding the effect of
accident and pollution costs, is negligible.
Reductions in annual subsidies to VIA Rail are
counterbalanced by losses from passenger
contributions through taxes in the automobile and
air modes.

Environmental Impacts

Positive impacts of HSR in the corridor could
be a reducton of the anticipated intercity
transportation energy consumption in the corridor
by nearly 20% by 2025, and & reduction of
atmospheric emissions conitibuting fto the
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greenhouse effect (CO, and CO) and to low level
ozone and urban smog (NOy and VOC).

To date, FISR has experienced no fatalities.
Based on this, HSR could contribute to reducing
the anticipated number of fatalities by 30% and
injuries by 12% relative io intercity transportation
that would otherwise occur along the corridor.

HSR could lead to negative impacts with
respect to crop losses on high quality agricultural
lands, parficularly between Montréal and Québec
and between Toronto and Windsor, to the loss of
land in rural and urban communities and to
barrier effects in inhabited areas.

In Québec, HSR would result in a decrease of
emissions Jeading to acid rain and urban smog
{30, and SP) but overall, due to the age of some
thermal eleciric power generation in Ontario,
electrified HSR would increase those emissions.

The use of proper mitigation measures could
redluce the impact related to the noise levels. The
more sensitive areas would be those adjacent to
new routes. The introduction of overnight H5R
light freight services could also cause some
disturbances,

A joint federal/provincial environmental
assessment process could be necessary in each
province.

Urban Systems

HSR would reinforce the Québec-Windsor
corridor as Canada's primary urban area.

HMS5R would reinforce the general trends
towards larger growth in metropolitan areas.

Industrial Impacts

Canada has developed a strong, fully
integrated, internationally competitive rail supply
industry which could supply 85% of
manufactured components of an HSR system,
regardless of the technology.

Most new HSR projects in the U.S. are expected
to be built using an incremental approach, with
1l technology on existing tracks.

There is little export opportunity regardless of
technclogy. A Canadian HSR tilt technology
project could potentially generate Canadian

exports of components and services of $860
million over 20 years. A non-tilt technology could
lead to additional exports of $500 million for 20
years. Without such projects, Canadian exports
are estimated at $260 million .

Economic Impacts

On balance, HSR should have perceptible, if
modest, positive impacts on economic output,
employment and income for about a decade. In
the long term, HSR by itself has no significant
implications for productivity and there are no
permanent effects on growth potential.

If government funding for HSR was financed
through reallocation of capital expenditures by
the federal government and the governments of
(Québec and Ontario, there would be the following
impacts:

* HSR would have modest impacts on total
output, employment and real income. Over
25 years, for the full 300 km/h corrider scenario,
43,700 person-years of employment, or an average
of 1,750 jobs per year, would have been created
and government debt would be reduced by
%6.5 billion {(nominal};

» there would be mixed impacts on
employment and output For example,
employment would increase by approximately
10,500 jobs per year over the construction period.
Approximately 3,400 jobs per year would be lost
over the operating period from 2004 to 2020;

¢ generally, economic impacts would be
concentrated in Québec and Ontario, where most
of the activity would take place;

» impacts on the tourism industry would be
negligible.

If government funding was financed through
expansion of its debt, real output would be
increased over the course of the operating phase,
but at the expense of a cumulative increase of
$8.3 billion (constant) in government debt and
increased borrowing from foreign sources. Over
25 years, 193 000 person-years of employment, or
an average of 8,000 jobs per year, would be
created if the full corridor was built.

If financed through reallocation of funds, the
scale of the impacts during both the construction
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and operations phases is sensitive to the route
segment and technology. For example, for the
MOT-D-300 scenario, 32,000 person-years of
employment would be created over 25 years and
the public sector debt would be reduced by
$4.9 billion (constant).

If financed through expansion of debt,
105,000 jobs would be created, but at the expense
of an increase of $2.6 billion (constant) in
government debt.

Legislative and Labour Issues

There are no legislative barriers to

implementation of HSK.

Labour constraints that could prevent cost-
effective operations are expected to be eliminated
through changes in collective agreements.

Financial resulis

Total system cost between Québec City and
Windsor for the 300 km/h technology is
$10.5 billion (1993). A yearly inflation rate of 3%
adds $3.4 billion for a total cost of $13.9 billion.
Financing costs during the construction period
adds a further $4.4 billion for a total cost of
$18.3 billion spent up to 2005,

Total system cost between Québec City and
Windsor for the 200 km/h technology is
$9.5 billion (1993). A yearly inflation rate of 3%
adds $3.0 billion for a total cost of $12.5 billion.
Financing cost during the construction periods
adds a further $4.0 billion for a total cost of
$16.5 billion spent until 2005.

A wholly private project is not feasible.

In a public-private partnership, the private
sector could support up to a maximum of 28.6%
of the capital costs with a financial IRR of up to
12.3% after taxes (20.5% before taxes).

The public sector could attain a financial
internal rate of retum of up to 7.13% on its
investment, including fax revenues or an IRR of
3.6% excluding tax revenues.

The financial analysis concluded that
governments more than fully recoup their
investment {on an undiscounted basis) within the
first 30 years of operations. On a discounted

basis, at 9%, which is the assumed government’s
long-term borrowing rate for the purpose of this
study, and considering the conservative estimate
of the residual value, the governments end up
paying a net contribution to the project. Should
HSR proceed, it is likely that the interest rates at
which a project is financed will differ from those
used in the analysis. It must however be
remembered that the real rate of interest is high
from an historical perspective while inflation is
relatively low.

By modifying the distribution of cash flows (as
between the public and the private sector), it is
possible to adjust the projected rate of return to
12% for the private sector for any of the scenarios
considered. This would potentially enable each
scenario to be both viable and financeable from
the private sector’s perspective, although at the
expense of the public sector, while still
maintaining a public-private  partnership
structure. However, such a skewing of cash
distributions would weaken the relationship
between risk and reward.

With the private sector IRR fixed at 12%, the
public sector IRR would decline, except for the
best scenarios, i.e., the MOT-D-300 scenario. The
public sector IRR would be less than 3.5%
including tax revenite and negative excluding tax
revenue for all other scenarios. For the MOT-D-
300NA scenario, the public sector IRR would
increase from 7.13% to 8.27%, while the private
sector IRR would decline from 12.34% to 12%.

A wholly-owned public sector option would
provide. the public sector with higher financial
returns than would public-private options.
However, this would require the public sector t©
underwrite 100% of risks and construction costs.

The 300 km/h system is clearly financially
superior to the 200 km /h system.

Dorval routing is clearly financiaily superior to
Mirabel routing.

The full Québec-Windsor corridor options are
financially inferior to the Montréal-Toronte and
the Québec-Toronto corridor options.

The scenarios yielding the highest financial
returns are the Montréal-Ottawa-Toronto
300 km /h scenarios through Dorval.
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The Québec-Toronto 300 km/h via Mirabel
scenario yields returns to both the private and the
public sector which are similar to the MOT-M-
300 km/h scenario. It is quite possible that a
300 kph Québec City-Toronto (via Dorval) option
would also be viable and financeabie from the
private sector’s viewpoint.

The returns on the project are most sensifive to
variations in construction costs, the duration of
the construction period, project revenues and to
the residual value of the project.

Cost-Benefit Analysis

Should governments choose to invest in ant HSR
system, they would expect to receive, in addition
t¢ a reasonable financial rate of return, an
acceptable social and economic return on their
investment. The refurns would vary depending
on the discount rafe used.

The discount rate is a very important factor in
the cost-benefit analysis. The federal government
uses a 10% discount rate in all their analyses. A
7% discount rate was suggested by the
consultants in charge of the benefit-cost analysis
as it approximates the real rate of interest on
borrowed funds in the financial analysis. Also,
this rate is used by Hydro-Québec i evaluating
large hydroelectricity projects.  The three
governments ageeed on a discount rate of 8% to
be used as the base case for the purposes of this
study.

With a discount rate of 8% and & consumer
surplus of approximately $21 per passenger, all
scenarios are economically viable except for the
200 km/h full corridor scenario. At a 10%
discount rate (federal government hurdle rate),
only the MOT-D-300 scenario would be viable. At
a 7% discount rate, all scenarios would be viable.

Operating revenues, consumer surplus and
residual value account for close to 95% of all
benefits whereas total investment and operating
costs account for 95% of the costs. Other economic
costs and benefits are marginal.

The cost-benefit analysis concurs with the
financial analysis in concluding that the Montréal-
Toronto 300 km /h scenario through Dorval yields

the highest returns. The net present value (NFV)
is estimated at $1.3 billion at an 8% discount rate.

The 300 km/h system is economically more
attractive than the 200 km/h system.

A Dorval routing is always superior to a
Mirabel routing.

The full Québec-Windsor corridor options are
econiomically inferior to the Montréal-Toronto
scenario and the Québec-Toronto corridor
through Mirabel option, for which the NPV is
estimated $762 million.

Consumer surplus has been estimated for the
300 km/h scenario, at an average of 521 per
passenger, for a total of close to $250 million in
2005 for the Montréal-Toronte 300 km/h scenario
through Dorval.

The impact on the other modes, and in
particular the air industry, has not been included
in the base case estimate, as there is considerable
debate about whether the unit costs of the airline
industry would be adversely affected in the long
rum. If the impact on the other modes is taken info
account, the economic viability of all scenarios
would be reduced.

Sensiiivity analysis plays an important role in
the decision making process. In the cost-benefit
analysis, the economic viability of the project
would be most affected by changes in operating
revenues (+10%), consumer surplus calculations
{-100% to +75%) and constructon costs (£20%}). At
an 8% discount rate, the viability of all scenarios
would be greatly affected, with the exception of
the MOT-D-300 kmm/h. This scenario would
remain viable in all cases with respect to a change
in each of these variables.

If a 10% discount rate is combined with either
a decrease in revenues, an increase i costs or the
lower boundary of the consumer surplus, all
scenarios would no longer be viable. If a 7%
discount rate is combined with the same
sensitivities, all 300 km /h would remain viable.

Conclusion

The main objective of this study undertaken by
the governments of Canada, Ontario and Québec
was to decide whether they should decide to
initiate and/or support the development of a high
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speed rail system in the Québec/Windsor
corridor. All the component studies within the
framework of the feasibility study were carried
out to help the governments in this decision. The
following conclusions can be drawn from them:

¢ HSR is technically feasible;

s HSR would provide a useful addition to
transportation infrastructure but would require
significant resources;

* an HSR system at 300 km/h is in all respects
superior to a system at 200 km/h;

e an HSR system would not reduce needed
government investments in infrastructure in other
modes;

» HSR could not proceed without significant
government financial resources;

e there is little export opportunity regardless of
technology;

» the Montréal-Ottawa-Toronto  segment
represents the best scenario. Québec-Toronto is
next but was not analyzed to the same level of
detail;

» some scenarios could be economically and
financially viable depending on accuracy of
projections with respect to: construction cost,
ridership and revenues, interest rates, discount
rate and actual inflation;

e from an environmental point of view, HSR
would improve public safety, and decrease air
pollution, but would have a negative impact on
land use;

» the study did not assume a long term
aggressive response from airlines; more work
would be needed on this aspect.

Recommendation

Based on these conclusions, the Steering
Committee recommends that any future work
should only consider very fast technology.

The following conditions must be satisfied
before any further work is undertaken: -

* the initiative for the next stage les with the
private sector, who should put up at least 530% of
the next phase of the project;

* the private sector must agree to take on all
project risks (construction risks and managemertd
of a high speed rail operation) if the project goes
ahead to implementation;

* in view of the fiscal situation of governments
and because, according to the study, 70% to 75%
of the cost would have to be paid by the public
sector, goverrunents should indicate if they are
prepared to proceed with the next phase, taking
into account demand for other transportation and
infrastructure investments;

+ the governments would also take into
account the rate of return of the project.

If all these conditions are met, the next phase
would include the following elements:

«» system design optimization;

« environmental assessment and approval;

» preliminary engineering;

+ ridership and revenue forecast;

« necessary regulafory approvals such as
safety, etc.

Even if the above conditions cannot be satisfied,
the Steering Committee suggests that the
governments revisit the project in three to five
years.






APPENDIX A

List of Component Studies
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Data Gathering

LE BUREAU DE RECHERCHE SOLUMAR, Division of Market Facts, Quebec Ontario High Speed Rail
Project. Data Gathering : Stated Preference Survey, Technical Report, April 1993.

CONSUMER CONTACT, HSR Corridor Study, Travel Intercept Surveys, Final Report, October 1854.

Technology Assesment

CANADIAN INSTITUTE OF GUIDED GRCOUND TRANSPORT, Preliminary Technology Review, Final
Report, June 7, 1993.

CANADIAN INSTITUTE OF GUIDED GROUND TRANSPORT, Québec-Ontario High Speed Rail Project:
System Operations and Costs, October, 1994.

Routing

SNC-LAVALIN and DELCAN, in association with CANARAIL, SOFRERAIL and SWEDERAIL,
Preliminary Routing Assesment and Costing Study, Interim Report No 1, January 19, 1993.

SNC-LAVALIN and DELCAN, in association with CANARAIL, SOFRERAIL and SWEDERAIL,
Preliminary Routing Assesment and Costing Study, Interim Report No. 2, Detailed Routing Analysis, May, 1993,

SNC-LAVALIN and DELCAN, in association with CANARAIL, SOFRERAIL and SWEDERAIL,
Preliminary Routing Assesment and Costing Study, Interim Report No 3, Infrastructure Costs, February, 1994.

SNC-LAVALIN and DELCAN, in association with CANARAIL, SOFRERAIL and SWEDERAIL,
Preliminary Routing Assesment and Costing Study, Interim Report Ne. 4, Development of Composite
Representative Routes, February, 1994.

SNC-LAVALIN and DELCAN, in association with CANARAIL, SOFRERAIL and SWEDERAIL,
Preliminary Routing Assesment and Costing Study, Final Report, March 1995.

DELCAN, Investigation of Potential Revenues from the High Speed Rail Right-of-Way Co-location of Utilities,
Final Report, November 1993.

Environmental Study

DESSAU-MARSHALL MACKLIN MONAGHAN, Aspects environnementaux i long terme de services de
transport de passagers par frain rapide comparativement & d'autres modes, Rapport final, Mai 1995,

Passenger and Revenue Forecasts

TRANSPORT CANADA, Québec/Ontario High Speed Rail Project Socioeconomic Variables, Forecasts for
2005 and 2025, Three Scenarios, January 1993,
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SOFRERAIL CANARAIL, Prévisions de traffic et de revenus pour une ligison & grande vitesse dans le corridor
{uébec-Windsor, Rapport final, Février 1994,

TEMS INC, LES CONSULTANTS TRAFIX INC, Independant Passenger and Revenue Forescasts. Ontario-
Ouéhee High Rail Project, Final Report, 10 mars 1994,

CHARLES RIVER ASSOCIATES, Projections of Ridership and Passenger Revenue for High Speed Rail
Alternatives Operating between Windser and Québec City. Final Report, December, 1994.

IBI GROUP, Composite Ridership and Revenue Forecasts, November 8, 1994,

SOFRERAIL CANARAITL, Surplus du consommateur pour une liaison Québec-Montréal-Ottawa-Toronto-
Windsor, Rapport final, Octobre 1994.

IBI GROUP, Québec/Ontario High Speed Rail Project, Calculation of Consumer Surplus and Generalized travel
Costs, Wovember 1994,

Industrial Strategy

SIMPSON GUERIN INC, INFORMETRICA LTD., CANAC INTERNATIONAL INC., ALPHA BETA
GAMMA CONSULTANTS, GOTTLIEB & PEARSON, Industrial Strategy, February 1995.

Trends

KPMG PEAT MARWICK STEVENSON & KELLOGG, Québec/Ontario High Speed Rail Project, Trends
in Intercity Passenger Transpertation and Government Support, Issues Paper, Interim Report, February 15,
1993,

EPMG PEAT MARWICK STEVENSON & KELLOGG, Québsc/Ontario High Speed Rail Project, Trends
it Intercity Passenger Transportation and Government Support, Reference Scenario, Draft, March 15, 1993.

KPMG PEAT MARWICK STEVENSON & KELLOGG, Québec/Ontario High Speed Rail Project, Trends
int Intercity Passenger Transportation and Government Support, Estimation of Modal Subsidies, Interim Report,
June 10, 1993, '

KPMG PEAT MARWICK STEVENSON & KELLOGG, Québec/Ontario High Speed Rail Project, Trends
in Intercity Passenger Transportation and Government Suppert, Final Report, February 15, 1995.

Institutional Options and Legislative and Labour Issues

KPMG PEAT MARWICK STEVENSON & KELLOGG, Québec/Ontario High Speed Rail Project, Review
of Institutional Options and Legislative and Labour Issues, Final Project Report, February 3, 1995.
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Light Freight and Station Concessions

CANARAIL CONSULTANTS CANADA INC. High Speed Rail Project, Light Freight and Station
Concessions Market Study, August 1994,

Cost-Benefit Analysis

TRANSURB INC., Projet de train haute vitesse Québec-Ontario, Analyses avantages-cofits, Rapport {inal,
Juillet 1995,

Financial Analysis

PRICE WATERHOUSE, High Speed Rail Project (Juébec City-Windsor Corridor, Financial Anzlysis,
February 1995,

Urban Settlement Patterns

HEMSON, PLURAM INC., Québec/Ontario High Speed Rail Project, Effects on the Urban System &
Settlement Patterns, February 1995 (revised June 1995).

Economic Impacts

INFORMETRICA L.TD., National and Provincial Economic Impacts of High Speed Rail, A Macroeconomic
Study, Main Report, February 1995.
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AAR
ABB
BNP

CRA

FS

GDP

HSR

ICE

IRR

LRC

LTL
MOT-D-200

MOT-D-300

Association of American Railroads

Aseq Brown Boveri

Banque Nationale de Paris

Charles River Associates

Federal Railway Administration (in Washington, D.C.)
ITtalian State Railways

Gross Domestic Product

High Speed Rail

InterCity Express

Internal Rates of Return

Léger, rapide, confortable

Less than Truckload

Montréal-Ottawa-Toronto (to Pearson Airport), through Dorval, 200 km/h

Montréal-Ottawa-Toronto (to Pearson Airport), through Dorval, 300 km/h

MOT-D-300-NA Montréal-Ottawa-Toronto (to Union Station), through Dorval, 300 km/h, no airport

MOT-M-300
MTO

NPV

O/D Survey
OC&M
O/QRTTF
QT-M-300
QW-D-200
QW-D-300
QW-M-BOO
ROW

5]

services

Montréal-Ottawa-Toronte (to Pearson Airport), through Mirabel, 300 km/h
Ministry of Transportation of Ontario

Net Present Value

Origin/Destination Suroey

Operations and Maintenance

Ontario/Québec Rapid Train Task Force

Québec-Toronto (to Pearson Atrport), through Mirabel, 300 km/h
Québec-Windsor through Dorval, 200 km/h

Québec-Windsor, through Dorval, 300 km/h

Québec-Windsor through Mirabel, 300 km/h

Right-Of-Way

Swedish State Railways
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SINCE Sociéié nationale des chemins de fer
TEMS Transportation Economics and Management Systems Inc.
TGV Train i grande vitesse

TGV-A Train i grande vitesse - Atlantigue



APPENDIX C

List of Government Contributors to the H5R Study






Appendix C - List of Government Contributors to the HSR Study

Mentioned are contributors from each of the governments. The Steering Committee would like
to thank all other persons from each of the governments who have contributed in any extent to one

phase or the other of this project.

FEDERAL GOVERNMENT
Colin Churcher and staff Transport Canada
Eric Culley and staff Transport Canada
Salah Hamzawi o Transport Canada
Brian Marshall | Transport Canada
Clyde McElman Transport Canada
Bill McLaren Transport Canada
Pierre Renart Transport Cam;da
Pierre Zalatan Transport Canada

Staff from Transport Canada’s

Rail Policy & Programs

Marthe Lemay Industry Canada

Luis Leigh Department of Finance
ONTARIO GOVERNMENT

Iris Burkharddt Ministry of Transportation

Denis Charet Ministry of Transportation

Frank [Y’Onofrio Ministry of Transportation

Bill Jones Ministry of Transportation

Ravi Kapoor Ministry of Transportation

Charles Leung Ministry of Transportation

Fred Loftin Ministry of Transportation
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Murray McLeod
Karen Stwak
Pentti Suokas

Rob Tardif

Barry MacEarlane
Bill Ralvh

Peier Spiro

Bruno Amara

Lisa Gonsalves

QUEBEC GOVERNMENT

feart David and his team
Robert Letarte

Gilles Demers and his team
Carole Massé

Maric Deschamps

Robert Langlois

Raymond Déry

Ministry of Transportation

Ministry of Transportation

Ministry of Transportation

Ministry of Transportation

Ministry of Finance

Ministry of Finance

Ministry of Finance

Ministry of Economic Development & Trade

Ministry of Municipal Affairs

Ministére des Transports du Québec

Ministére des Transports du Québec

Ministére des Finances du Québec

Ministere des Finances du Québec

Ministére des Finances du Québec

Ministére des Affaires Municipales du Québec

Ministére de UIndustrie, du Commerce, de la Science ef de

Ia technologie du Québec





