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A comparative assessment of two technologies for high-speed ground transport 
(HSGT) is presented in this paper. The two technologies are (a) a magnetic 
levitation technology that is based on the principle of magnetic attraction and 
uses an active long stator, and (b) a conventional wheel-on-rail technology. A 
description of each technology and the major conclusions of a detailed compara­
tive study that was performed on a specific Canadian route (high-speed service 
between Montreal and Ottawa through Mirabel International Airport) are given. 
For each technology, a conceptual system design is outlined. Capital and operat­
ing cost estimates are presented and discussed. Key issues that resulted from 
an evaluation of physical and functional impacts are discussed; emphasis is 
placed on the problems associated with insertion of HSGT lines in urban and 
rural areas and on whether existing or new rights-of-way should be used. 

In recent years, several comparative assessment 
studies were performed on various high-speed ground 
transport (HSGT) systems. These studies often com­
pared conventional railway technology with magnetic 
levitation technology; the Paris-Frankfort and Los 
Angeles-Las Vegas studies are of this type. 

These studies were often performed by private 
companies that were promoting a particular system; 
this tended to cast doubts on the objectivity of the 
studies. Moreover, even if their conclusions were 
often found in newspaper headlines, the analyses on 
which these conclusions were based were seldom made 
public. As a result, agencies responsible for plan­
ning or operating intercity passenger transport 
systems and services were not able to gather from 
these studies more than a minimum amount of data on 
the technical and financial parameters of HSGT sys­
tems, even though such data would have been very 
useful to them. 

Partly to remedy this situation, the Advanced 
Technology Division of Transport Development Centre, 
Transport Canada, decided in 1981 to undertake a 
comparative technology assessment of HSGT systems. 
Because HSGT systems were not directly integrated 
into the Canadian intercity passenger transport 
planning process, this study was to compile and 
structure detailed data on HSGT systems for future 
use by appropriate agencies. 

The specific objective of the study (1) was to 
compare, by reference to a specific Canadian appli­
cation, two HSGT systems: (a) one that used magnetic 
principles and techniques for vehicle support, 
guidance, and propulsion; and (b) one that used 
conventional rail way techniques and equipment. The 
goal of the study was to identify the key differ­
ences between these two technologies to evaluate 
their effects on level of service, capital and oper­
ating costs, and various physical, socioeconomic, 
and functional impacts. In the process, useful data 
were to be generated for use in planning at a later 
date. 

METHODOLOGY 

The location for the study was given: a high-speed 
service route between Ottawa and Montreal with at 

least one intermediate station at Mirabel Interna­
tional Airport (Figure 1) • This route was chosen 
because it had the advantages of being well docu­
mented (2-5) and, at the time of the study, free of 
any pla~~g controversy. A disadvantage of using 
this route was that the short length of the corridor 
(200 km) was less than the ideal length for imple­
mentation of an HSGT system. 
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FIGURE 1 Key topographical features of Ottawa-Mirabel-Montreal 
corridor. 

Although it could limit the generalization of the 
conclusions, the use of a given corridor as a test 
bed for analysis has significant advantages. In 
particular, this approach facilitates the develop­
ment of a well-adapted system design that takes into 
consideration physical as well as institutional 
constraints; it thus provides good indications of a 
technology's flexibility and responsiveness to given 
conditions. 

The main steps in the study were the following: 

1. Description of the two technologies: 
2. Formulation of common service specifications; 
3. Development of traffic forecasts; 
4. Definition of preliminary system design, 

adapted to the route; 
5. Estimation of capital and operating costs; and 
6. Identification and evaluation of impacts of 

the two systems. 
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The purpose of defining a technology reference 
for each system was to establish from the outset the 
most significant technical parameters that charac­
terize each technology; in other words, to identify 
precisely the items that were being compared--dimen­
sions, speed, acceleration, technical principles, 
and so forth. Taken together, these parameters are 
the basis for each system's configuration and per­
formance. 

Conunon service specifications were developed to 
be used as a basis for system definition. The use of 
conunon service specifications eliminated from the 
comparison any advantage or preference factor that 
was not technology related. 

A complete conceptual system design was then 
defined for each technology; the definition met (or 
exceeded) the service specifications. The definition 
covered all system components: general configura­
tion, routing, fleet size, track or guideway layout, 
infrastructure, structures and bridges, power and 
control equipment, stations, and facilities and 
auxiliary equipment, as well as operation and main­
tenance procedures and personnel. 

A detailed engineering estimate of capital and 
operating costs was developed for each system; the 
same assumptions and procedures were used for devel­
oping the estimates for both systems. A financial 
analysis was performed on each system to determine 
the revenue requirements necessary for profitable 
and solvent operation and the corresponding ticket 
cost. 

Finally, major differences in impacts between the 
two systems were identified. Impacts that were con­
sidered included technical risks, energy impacts, 
socioeconomic impacts, and aesthetic and environ­
mental impacts. 

Each of these steps will be discussed in more 
detail in the following sections. 

DESCRIPTION OF THE TWO TECHNOLOGIES 

The two technologies compared are the magnetic levi­
tation (attraction mode) and the conventional wheel­
on-rail technology; these two HSGT systems will be 
referred to as "Maglev" and "Rail" (capitalized) • 
Table 1 gives their major differences in fundamental 
technical principles. 

M.aglev System 

For magnetic levitation, the technology reference 
that was used was the TransRapid system developed in 
the Federal Republic of Germany; the system is based 
on magnetic attraction principles and uses an active 
long stator. 
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The vehicle is made up of two identical sections 
that can be uncoupled for maintenance (see Figure 
2). The basic bidirectional consist is 54 m long, 
3.7 m wide, and 4.2 m high. It can be lengthened by 
adding up to four intermediate sections between the 
two end sections. 

Levi tat ion and guidance forces are provided by 
magnetic attraction between controlled electromagnets 
that are located in the bogies and equipment mounted 
on the guideway. Figure 3 shows a cross section of 
the Maglev vehicle. 

Propulsion is provided by a synchronous linear 
motor; its long stator consists of two groups of 
steel laminations intertwined with cable windings 
and fixed to the guideway. After being energized 
with on-board batteries, the vehicle is magnetically 
attracted to a field wave that is traveling through 
the stator; there is no mechanical contact for power 
collection. 

To maintain the stringent positional tolerances 
that are necessary for efficient operation of this 
levitation process the vehicle must be carried on a 
rigid structure. The usual design of the structure 
is a box girder made of prestressed concrete; the 
beam is normally 25 m long and l.8 m deep. The 
guideway can be built at grade; in this case the 
beam will rest directly on appropriate foundations. 
For an elevated guideway, a pier may be added between 
beams and foundations. 

The maximum operating speed is 400 km/hr. The 
guideway geometry is dictated by technical con­
straints and comfort requirements. By using a 12-
degree superelevation and limiting lateral accelera­
tion to 1. 0 m/sec2 for comfort, the minimum radius 
of horizontal curves is 4000 m at 400 km/hr and that 
of vertical curves is 25 000 m. The maximum gradient 
is 3.5 percent for long distances and 5 percent for 
short distances. In urban areas, where maximum speed 
cannot be reached because there are short distances 
between stations, speed is normally 200 km/hr; this 
reduces aerodynamic noise and permits greater flexi­
bility in guideway routing. 

Rail System 

Several railway systems currently in operation can 
offer the performance specified in this study; there 
are thus many options from which a Rail technology 
can be selected. Except for the vehicle, most of 
these systems have several similarities; these common 
points were used to define the Rail technology option 
in this study. 

Because consistent high-speed operation with 
diesel equipment would severely damage the track, 
the Rail technology will use electrified equipment. 

TABLE 1 Major Technology Differences Between Rail System and Maglev System 

Subsystem 

Vehicle 

Guideway equipment 

Power supply and 
distribution 

Function 

Support 
Suspension 

Guidance 

Transmission of propulsion and 
braking forces 

Traction motors 
Support 

Guidance 
Propulsion 

Current type 
Distribution 

Maglev System 

Magnetic control of horizontal air gap 
Mechanical damping between car body and bogies 

and magnetic control of air gap between bogies 
and guideway 

Magnetic control of vertical air gap between guideway 
edges and vehicle 

Contact-free magnetic attraction of vehicle by 
traveling field wave 

Synchronous linear 
Controlled electromagnets on steel or prestressed 

concrete beam resting on slabs or piles 
Magnetic attraction to guidance rails on beam edges 
Linear motor stator (active) 

4,000 to 6,000 V, 0 to 250 Hz 
Stator and circuit connections 

Rail System 

Wheels, axles, and bogies on steel rails 
Pneumatic and mechanical damping at 

car-body-truck and truck-axle 
contacts 

Wheel tread shape and flange-rail 
contact 

Wheel-rail adhesion 
Direct current rotary 
Steel rail on ties and ballast 

Steel rail 
Wheel-rail contact (passive rail) 

25,000 V, 60 Hz, I <I> 
Cate nary 
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FIGURE 2 Maglev vehicle, main dimensions and general view. 
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FIGURE 3 Cross section of Maglev vehicle on guideway. 
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Power received from the utility at 115 or 230 kV, _60 
Hz will be transformed to 25 kV and fed to the train 
from an overhead catenary. The overhead wire will 
normally be suspended from a flexible structure, but 
catenary bridges will be used at locations where 
there are three or more tracks in the right-of-way. 

Frequent high-speed operation implies the elimi­
nation of all grade crossings and operation on an 
exclusive double track. The track infrastructure 
will be designed to ensure that maintenance require­
ments are reasonable, despite the high speed and 
frequency of service. The quality of roadbed and 
thickness of ballast and subballast will be con­
sistent with these requirements. 

It was assumed that the vehicle would be engi­
neered and built in Canada. The configuration would 
be a self-propelled, bidirectional consist, normally 
uncoupled only for maintenance. The car design could 
be similar to that of an LRC (light rapid comfort­
able) coach (an electric version of that train is 
envisioned). Each car would be 26 m long and 3.2 m 
wide. 

The maximum operating speed was given as 200 
km/hr, which is usually considered to be the lower 
limit for classification in the HSGT category. The 
track geometry is dictated by technical constraints 
and comfort requirements. with a maximum supereleva­
tion of 6 degrees and a lateral acceleration limited 
to l. 0 m/sec 2 to maintain passenger comfort, the 
minimum radius of horizontal curvature is 2400 m and 
that of vertical curvature is 20 000 m. The maximum 
gradient is 2.5 percent, given the assumed power 
ratio. 

FORMULATION OF SERVICE SPECIFICATIONS 

Service specifications were developed from an analy­
sis of observed travel demand and modal split be­
tween Montreal and Ottawa. A target market was iden­
tified, its specific needs were evaluated, and the 
corresponding service strategy was developed. This 
strategy was translated into service specifications, 
which were then used as common performance guide-
1 ines in system definition for both technologies. 

The Montreal-Ottawa intercity market currently 
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TABLE 2 Performance and Service Specifications 

Subject Area Parameter Specification 

Geographic coverage Terminal location Montreal: Central Station 
Ottawa : VIA Station 

Intermediate stations and their location Mirabel: Und er terminal building 
Ottawa: none 

Quality of service Travel time 
Operating schedule 
Frequency 

Montreal: possibly a suburban station, easily accessible from West Island 
Terminal-to-terminal travel time not to exceed 75 min 
15 hr/day, 7 days/week 

Delays 
1 departure/hr on average; higher frequency during peak periods 
No delays on line due to operational constraints 

Safety Collision protection Automatic onticolllsion; automatic antioverspeed ; automatic route protection; no grade 
crossings ; emergency broking rate: 4 m/sec2 (maximum) 

Train operation 
Train supervision 

Continuous speed control 
Automatic train location; two-way communication with central; centrally controlled 

Ride comfort Lateral acceleration 
Vertical acceleration 
Jerk 

public nddJcss system 
1 m/sec2 (maximum) 
1 m/scc2 ~maxi1J1um) 
0.5 m/sec (maximum) 

Vibrations International Standard Organisation reduced comfort boundary for 75-min trip 

involves about 3.5 million trips per year (in both 
directions) • The modal split is 1 percent air, 10 
percent rail, 17 percent bus, and 72 percent auto­
mobile. The overall trip purpose split is 37 percent 
business and 63 percent pleasure. By mode, the trip 
purpose split is 90 percent business by air, 45 
percent by rail, 31 percent by bus, and 35 percent 
by automobile. 

The potential market for Montreal-Ottawa HSGT 
service was broken down into the following segments: 

1. Intercity traffic: The new HSGT service would 
replace the existing rail service and also attract 
passengers from competing modes--air, bus, and auto­
mobile; 

2. Airport traffic: This would consist of Mirabel 
air travelers who originate or terminate in Montreal 
or Ottawa (who are now using a ground access mode or 
connecting air service), as well as air travelers 
who connect between Dorval and Mirabel; 

3. Induced traffic: Some persons would use HSGT 
for a trip they would not have made if HSGT service 
did not exist; 

4. Through traffic: Some travelers would use 
HSGT on a leg of a longer trip in the Quebec-Windsor 
corridor (e.g., from Montreal to Toronto through 
Ottawa) ; and 

5. Commuter traffic: Residents of the Montreal 
region would use the HSGT service for commuting 
(Mirabel is within commuting distance of the Montreal 
central business district). 

Among these segments, intercity traffic was clearly 
the target market and the service strategy was de­
veloped in view of this market's needs. The resulting 
service specifications are given in Table 2. 

DEVELOPMENT OF TRAVEL FORECASTS 

Traffic forecasts for the Maglev system and for the 
Rail system were prepared separately for the inter­
city, airport-access, and induced-demand segments. 
The forecasts were prepared based on data from an 
intercity travel demand model developed by the 
Canadian Ministry of Transport, which uses it for 
strategic corridor planning. This multimode model is 
calibrated annually by using traffic data; it is a 
proprietary model. Through traffic and commuter traf­
fic were ignored. Figure 4 shows the predicted evolu­
tion of total traffic with time for both systems. 

1000 

1991 1995 2000 2005 2010 

Max imum Traffic Volume (between West Island and Mirabel stations) 

FIGURE 4 Forecasts of total future levels of traffic for Maglev 
system and Rail system. 

DEFINITION OF SYSTEM DESIGN 

Based on the service specifications and traffic 
forecasts, a conceptual system design was developed 
for each technology. This hypothetical system was 
adapted to the physical and functional requirements 
of the Montreal-Mirabel-Ottawa route. It was assumed 
that revenue service would be initiated in 1991. 

The object of system definition was to identify, 
enumerate, and dimension, at least summarily, all 
subsystems and equipment necessary for operating the 
service as specified. The conceptual design thus 
developed served as a basis for estimating construc­
tion costs as well as operating and maintenance 
costs, and for evaluating impacts. 

System definition was initiated by investigating 
the various implementation possibilities for each 
system. This led to route selection and evaluation 
of right-of-way requirements, type of use (shared or 
exclusive) and ownership (lease or acquisition), and 
track or guideway layout (single or double). 

The next step was to define the track or guide­
way; this included its mechanical design (dictated 
by technology); its implementation (in tunnel, at 
grade, or on a structure); and the conceptual design 
of the infrastructure used to transmit vehicle loads 
to the ground, as well as that of the structures 
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required to overcome various obstacles found on the 
route. The next step was to evaluate fleet size (the 
vehicle design having been dictated by technology) 
and the requirements for fixed mechanical, elec­
trical, and electronic equipment for propulsion, 
braking, and control. 

The system-definition task was completed by pre­
paring schematic designs for stations, yards, and 
maintenance facilities and equipment (fixed and 
mobile). Then, operating and maintenance procedures 
were developed to serve as a basis for determining 
staff requirements for evaluating operating costs. 

System definition was probably the most funda­
mental part of the study because it helped identify 
real (as opposed to assumed) differences between the 
two technologiesi it thus served as an objective and 
realistic basis for cost estimation. 

Two major differences between the two technologies 
were also analyzed during this phasei they are dis­
cussed below. 

Infrastructure 

There is a significant difference between the two 
technologies in their infrastructure design. This 
difference has major impacts on route selection, as 
well as on the infrastructure construction costs. 
This difference is related to technology and the 
means used to transmit dynamic vehicle loads to the 
ground. 

In the Rail technology, vehicle loads are con­
centrated at the axles. These axle loads are sup­
ported by the rails and transmitted by the ties, 
which distribute them to the ballasti the ballast 
then spreads the axle loads over the roadbed. The 
wheel-rail-tie-ballast subsystem constitutes a flex­
ible structure, which deforms slightly when dis­
tributing concentrated vehicle loads at the time of 
train passage. 

In the Maglev technology, vehicle loads are ap­
plied along four bogies in each car-body section. 
These distributed loads are transmitted to the 
guideway beam through a maqnetically controlled air 
gap. The guideway beam concentrates these loads at 
its ends and transmits them to foundation elements, 
which distribute them to the ground at a reduced 
pressure. 

The fundamental difference between the two tech­
nnl nai~~ is in the structural flexibility of tho 
infrastructure. The railway track can, without com­
promising safety, deform slightly when a train 
passes. In contrast, for the Maglev technology 
analyzed, the magnetic guideway beam must remain 
rigid to prevent excessive variations in the thick­
ness of the air gap because such variations would 
reduce the efficiency of the magnetic levitation. 
Moreover, this difference in principles directly 
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influences construction cost, as will be seen in the 
next section. 

The difference in construction costs will in­
fluence the guideway configuration. For a Maglev 
system, the construction cost of an elevated guide­
way is only 10 percent greater than that of a gu ide­
way at grade because the only difference between the 
two types of guideways is the introduction of a 5-m 
pier between the beam and the foundation (in add i­
t ion to some mi nor foundation strengthening). Thu s , 
it can be less expensive to build an elevated Maglev 
guideway than to build a guideway at grade at loca­
tions where there are grade separation structures at 
cross streets and roads1 in urban areas it often is 
less expensive. A railway track could also be built 
on an elevated structure, but the additional con­
struction cost would be high1 therefore this type of 
configuration is rarely built. 

In this analysis, the following configurations 
were adopted in the designing of the infrastructure. 
The Rail system will be built at grade along most of 
the route, except for 6 km that will be in tunnels. 
The Maglev guideway will be built mainly as an ele­
vated guideway. Near Ottawa, it will be at grade in 
a lightly used Railway right-of-way. Near the 
Montreal CBD, the guideway will be supported by a 
structure built over existing railway tracks. The 
key features of the route, right-of-way, and in­
frastructure configuration as defined for the sys­
tems envisioned in this study are given in Table 3. 

Power Supply and Distribution 

This is the second major difference between the two 
technologies. Because of its influence on capital 
and operating costs, some discussion is warranted. 

In the Rail technology, the vehicle is assumed to 
be powered by single-phase 25 kV alternative cur­
rent. Power is received from the utility at 115 to 
230 kV at three wayside substations, where it is 
transformed and sent over the track in an overhead 
catenary. This type of system is well-known and 
rel~tively simple. In the Maglcv technology, th@ 
magnetic attraction process used by the German 
TransRapid system requires current at variable fre­
quency (0 to 250 Hz) and variable voltage (0 to 6 
kV). Each Mag l ev wayside substation performs complex 
transfo.rmation and rectification operations a nd is, 
all e1 result, more expensive than the corresponding 
Rail substation. 

In the Rail technology, power collection is done 
through friction between the vehicle-mounted panto­
graph and the overhead catenary. Power is condi­
tioned on board and then transmitted through rotary 
traction motors to the wheels that propel the vehicle 
by friction on the rails. In the Maglev technology, 
there is no mechanical contact during power collec-

TABLE 3 General Features of Route, Right-of-Way, and Guideway-Track Configuration 

Maglev Rail 
Subsystem Feature System System 

Route Length (km) 189.5 190.7 
Proportion on existing right-of-way(%) 14.6 59.8 
Proportion on new right-of-way(%) 85.4 40.2 

Right-of-way (as a proportion of route length) Area (ha) 493.5 410.4 
Proportion rented for shared pathway(%) 0.0 2.8 
Proportion rented for exclusive pathway(%) 14.6 57.0 
Proportion acquired (%) 85.4 40.2 

Guideway-track configuration (as a propor-
tion of route length) Tunnel(%) 0.0 3.4 

Depressed (%) 0.6 0.0 
At grade(%) 5.8 96.6 
Elevated (%) 93 .6 0.0 
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tion. The vehicle is magnetically attracted to a 
field wave that travels along the active long stator; 
propulsion itself is friction-free. To achieve this 
efficiently, the Maglev guideway is subdivided into 
sections 400 m long, which are fed consecutively. 
This subdivision implies complex circuit connections 
and switching operations. 

As a result of its increased complexity and its 
greater power demand (for 400 km/hr instead of 200 
km/hr), the Maglev system requires 10 wayside sub­
stations whereas the Rail system, at the assumed 
level of speed and traffic, requires only 3. Signifi­
cant efforts will be devoted to development of the 
Maglev power supply and distribution subsystems in 
the next several years to reduce their complexity. 
Work has started and interesting new solutions are 
already being investigated. 

COST ESTIMATION AND FINANCIAL ANALYSIS 

Construction Costs 

Table 4 gives comparative estimates of construction 
costs for the Maglev system and the Rail system. In 
conformity with the objective of the study, relative 
costs are presented with the total construction cost 
for the Rail system as the base. Significant differ­
ences between the estimated construction costs for 
both systems are discussed in the following para­
graphs. 

TABLE 4 Comparative Construction Costs for Maglev System and 
Rail System 

Capital Costs (rela-
live to Rail costs) 

Maglev Rail Cost Ratio 
Item System System (Maglev/Rail) 

Vehicles 18 15 l.l 8 
Infrastructure 

Land acquisition 2 1 4.69 
Site preparation 3 9 0.30 
Foundations 29 13 2.14 
Piers 11 
Guideway beams and bearings 61 
Grade separations 2 6 
Special structures 8 7 0.94 
River and stream crossings 1 12 0.09 
Guidance rails-track 18 18 0.96 
Turnouts 5 2 2.10 
Subtotal 140 68 2.04 

Power and control 
Power supply 27 1 51.06 
Power distribution 33 6 5.42 
Signalling 16 6 2.66 
Communications l l l.00 
Subtotal 77 14 5.53 

Facilities 
Stations 1 l 2.29 
Maintenance building 1 l l.00 
Maintenance equipment 1 1 I.DO 
Subtotal 3 3 1.30 

Total construction cost 238 100 2.38 

In Table 4, "Land acquisition" refers to the 
acquisition of land and the relocation of buildings 
that are necessary for creation of a new right-of­
way; it does not include the leasing of space from 
railways. Because Maglev is on a new right-of-way 
for a larger proportion of the route ( 85. 4 percent 
versus 40.2 percent for Rail), the cost of land 
acquisition is more important for the Maglev 
technology. 

In the Maglev technology, "Site preparation" 
consists only of clearing the right-of-way and 
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building an access road. Grading to tbe route 
geometry is not needed because the height of guide­
way piers can be varied with the terrain. Site prep­
aration is more expensive in the Rail technology 
because it requires preparation of a roadbed to 
tight geometric and compaction standards to support 
the track foundation structure. 

In the Rail technology, the item "Foundations" 
corresponds to laying the track foundation layer, 
subballast, and ballast; this can be done with a 
high degree of mechanization. Foundations for the 
Maglev system consist of a large number of discrete 
elements (slabs or pile caps); these must be indi­
vidually built in place and are less adaptable to 
mechanized construction methods. This explains the 
cost differential between the two technologies. 

use of piers in the Maglev system is mainly a 
result of the decision to use an elevated guideway; 
piers are not a technology requirement. Although not 
strictly comparable, grade separations in the Rail 
system are perhaps the closest equivalent to the 
piers in the Maglev system. 

Maglev guideway beams and bearings, for which 
there is no direct equivalent in the Rail system, 
are clearly a requirement that results from the use 
of magnetic attraction technology; they are needed 
to ensure the stringent positional tolerances that 
are required for the air gap. 

Use of special structures is route-related. For 
the Rail system, the main special structure is a 
tunnel in Mirabel. For the Maglev system, special 
structures include rigid frames used to carry the 
guideway beams over railway tracks (approximately 
14.6 percent of the route by length). Conventional 
bridges and culverts are used to cross rivers and 
streams in the Rail system. For the Maglev system, 
because the cost of the elevated guideway has al­
ready been accounted for, Table 4 shows only the 
additional cost incurred for use of longer guideway 
beams and higher piers where required. 

Rail track and Maglev guidance rails have essen­
tially the same guidance function. Railway tracks 
also have a support function, a function that is 
filled by guideway beams in the Maglev system. There 
is not a large difference between these costs. 

For both systems, power is supplied to vehicle 
consists through substations. In the Maglev system, 
substations are more complex because of the need to 
supply power to the active stator with variable 
frequency and voltage, as explained in the previous 
section, Power Supply and Distribution. The substa­
tions are also more numerous; 10 are needed for the 
Maglev system as opposed to 3 for the Rail system. 

There is also a large difference in power distri­
bution costs. This is due to two factors: (a) the 
relatively low power factor of the linear motor, 
which requires a large number of circuit connec­
tions, and (b) the high level of technology of the 
active long stator. In contrast, the Rail power 
system is more tolerant of voltage variations, and 
the catenary design and production methods are more 
industrialized. 

Operating Costs 

There are five major components of operating costs: 
operating salaries and material costs, maintenance 
labor and supply costs, power supply and energy 
consumption charges, land and building rentals, and 
administration. The estimated values of each com­
ponent for both systems in 1991 are given in Table s. 

On start-up, Maglev operating costs are lower 
than those of Rail; this is mainly due to the higher 
productivity of train crews, which results from the 
higher speed of the trains in this system. Over 
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TABLE 5 Comparative Annual Costs in 1991 

Annaul C.nst (re.le­
tive to Rail costs) 
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Component Maglev Rail Rationale for Difference 

Operation 
Train crews 
Stations 
Reservations 
System 
Subtotal 

13.5 
20.9 

3.4 
3.3 

22.7 
17.7 
2.7 
3.9 

Shorter Maglev turnaround 
Greater Maglev traffic 
Greater Maglev traffic 
Shorter Maglev turnaround 

41.1 47 .0 
Maintenance 

Vehicles 
Infrastructure 
Power and control 
Facilities 

14.6 
14.4 
29.2 

0.8 

17.5 
7.5 
3.5 
5.3 

Fewer Maglev vehicles 
More elaborate for Maglev 
More complex for Maglev 
Rail includes more items 

Subtotal 59.0 33.8 
Energy 28.4 

Rentals 

4.3 Greater Maglev speed; higher fixed monthly charges for installed 
power 

21.9 8.4 
Administration 

Maglev uses full right-of-way width over railways 

On operation (8%) 
On labor (8%) 
Subtotal 

Total 

8
NA =not applicable. 

3.3 
4.7 
8.0 

158.4 

3.8 NA" 
2.7 
6.5 

100.0 

time, with an increase in the level of traffic, 
Maglev operating costs eventually become higher than 
those of Raili this is related to Maglev's higher 
level of traffic. 

The Maglev-to-Rail ratio of maintenance costs is 
similar to the ratio of their capital costs, and the 
relationship does not change noticeably over time. 
Care should be exerted when drawing conclusions 
about the difference in their maintenance costsi 
whereas Rail maintenance costs were estimated by 
comparing observed costs on similar systems, Maglev 
maintenance costs were derived analytically. This 
was done conservatively, using industry factors that 
relate maintenance costs to the life of components 
and their capital costs. In reality, Maglev mainte­
nance costs could be significantly lower than the 
value shown, but this will not be known until some 
experience is gained in revenue service. 

In 1991, the Maglev-to-Rail power-cost ratio will 
be 6.71 this ratio will increase slightly over time. 
This significant difference is related to speed and 
technology. It results mainly from the larger number 
of snhRt.11tinnR fnr MRglPV (10 VPrRnR 1 fnr RRil) i 
this implies significantly higher monthly fixed 
charges for installed power. 

The Maglev-to-Rail ratio of leasing costs is 2.61 
this appears to be in contradiction to Rail's much 
more extensive use of existing railway rights-of-way 
and requires some explanation. When implemented 
along a rail right-of-way, the Maglev guideway must 
be built over the tracks. This precludes any other 
use of the air rights above them, and therefore 
leasing costs must apply to the full width of the 
right-of-way. Rail, in comparison, uses only a 15 m 
strip at the edge of the right-of-way rather than 
its full widthi controlled level crossing for occa­
sional industrial access is possible. Furthermore, 
near downtown Montreal, leasing costs for space in 
the Mount Royal Tunnel (the most expensive segment 
of the route) are shared between the Rail system and 
commuter services. 

Administrative costs are almost equal for both 
systems; they do not change over time. 

As seen in Table 5, the Maglev-to-Rail ratio of 
annual costs is 1. 58. Over time, this ratio would 
tend to increase slightly because of an increase in 
the level of traffic. 

Ticket Cost 

To establish whether the capital investment for an 
HSGT system can be recovered from the revenues gen­
erated, a ticket cost can be calculated that would 
produce revenues that allow full recovery of capital 
and operating expenditures, including applicable 
financial charges. This type of financial analysis 
is a better method for comparing systems with 
significant differences in traffic volume, such as 
in this case, by netting out the effects of that 
factor. 

By using this method of analysis, the average 
ticket cost for Rail in 1991 would be $68.87 and the 
cost for Maglev would be $116.01, a ratio of 178 
percent, favoring Rail. Currently, a comparable 
one-way ticket between Montreal and Ottawa costs 
$25.00 by rail and $80.00 by air (1983 Canadian 
dollars). 

As capital recovery charges diminish over the 
years, reflecting asset depreciation, the average 
ticket cost also varies (even in real terms, i.e., 
netting out the effect of inflation). The Maglev-to­
Rail ratio remains higher than 1, but the comparison 
is more difficult. This is why the annual values for 
the average ticket cost were condensed in a single 
value, the single-price average ticket cost, a price 
that would not vary (in real terms) during the 20-
year analysis period. The single-price average ticket 
cost, calculated over 20 years, is $57.14 for Rail 
and $93.69 for Maglev, which is a ratio of 164 per­
cent. 

Sensitivity Analysis for Ticket Cost 

The objective of the sensitivity analysis was to 
explore how much the basic conclusion of the fi­
nancial analysis (i.e., that, over time, a Maglev 
ticket is 164 percent more expensive than a Rail 
ticket) would be modified as a result of changes in 
the values of several underlying system and fi­
nancial parameters. 

The first parameter that was tested was traffic 
volume. As expected with any capital-intensive proj­
ect, the unit ticket cost declined with an increase 
in passenger volume. For example, doubling the 
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ridership resulted in the following reductions in 
unit ticket costs: 39 percent for Rail and 40 per­
cent for Maglev. The elasticity of both systems in 
this regard was the same, that is, similar passenger 
volume increases (in percent) produced similar ticket 
cost reductions (in percent). Inflation also had the 
same effect on both systems and, whether changes in 
the general price level or differential cost escala­
tion for specific components were considered, the 
ticket cost ratio remained approximately 165 per­
cent. This was because both systems had a similar 
cost structure. 

Sensitivity analyses were performed on other 
parameters and no significant change in the above 
conclusions was observed. If, however, some techno­
log i ca l developmen t allowed a sign ificant reduction 
in t he capi tal cost o f t he Maglev power supply and 
dis tribution s ubsys t em, the Maglev-to-Ra il ratio o f 
ticket cost would decrease below 165 percent, a 
difference that would probably be noticeable. A 
reduction in the Maglev maintenance costs would have 
the same effect. 

Another cost difference factor that should be 
analyzed in detail is the difference in maximum 
speed of the two systems. The difference between 200 
km/hr and 400 km/hr introduces cost differentials 
that are not technology related . A significant change 
in maximum speeds can not be investigated through 
sensitivity analysis techniques, however, because it 
would i mply partial system redefinition. This was 
u nfor t unately beyond the scope of the study, but it 
constitutes an interesting subject for further re­
search. 

Sys t em Optimiza t i on 

To this point, this analysis has been conducted on 
two basic systems: the basic Maglev system, which 
was assumed to be built with a double guideway, and 
the basic Rail system, which was assumed to have a 
double track. This was a reasonable approach for 
undertaking system definition and cost estimation 
because when a new HSGT system is built in Canada, 
it will probably be built from Montreal to Toronto 
through Ottawa, and this will require either a 
double track or guideway, if the system is to offer 
the required capacity. 

When matching costs and revenues in this evalua­
tion of ticket cost, however, it is more logical to 
consider only the costs that are incurred in provid­
ing the service that generates the revenues under 
consideration. That is, if the passenger demand 
between Ottawa and Montreal does not justify the 
building of a double track or guideway, then a less 
costly system should be considered. In reality, the 
necessary capacity can be obtained with predominantly 
single-track systems. This is why system optimization 
was undertaken. 

An optimized Rail system would require only 297 
km of single track instead of 418 km in the base 
case; two passing sections of 20 km must be provided 
and the track would be double on Montreal Island. 
The cost of subballast, ballast, track materials and 
construction, catenary, and wayside signaling equip­
ment would be reduced in proportion to track length. 
Right-of-way acquisition, roadbed preparation, and 
structure and station construction costs would be 
the same as for a double-track system because these 
facilities would be built initially according to 
their ultimate design specifications. The capital 
cost of a single-track Rail system would be 16.5 
percent less than that of the basic double-track 
system. 

An optimized Maglev system would require only 224 
km of equivalent single guideway instead of 379 km 
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in the base case; one passing section of 25 km must 
be provided as well as two double s ec tions of 5 km 
near terminals. The cost of gu ideway beams and bear­
ings, guideway foundations and piers (except over 
railways), stator, guidance rails, circuit connec­
tions, and information system would be reduced ac­
cordingly. Right-of-way acquisition, site prepara­
tion, bridge foundations and piers, and station 
construction costs would be the same as for the 
double-guideway system. The capital cost of a 
single-guideway Maglev system would thus be 32.9 
percent less than that of the basic double-guideway 
system. 

Operating costs will not change after optimiza­
tion, except for infrastructure maintenance. As a 
result of optimization, the Maglev-to-Rail ratio of 
single-price ticket cost would be 135 percent instead 
of 164 percent. This reflects the significant rela­
tive importance of the guideway and its equipment on 
the Maglev construction costs; it is related to 
technology. 

IDENTIFICATION AND EVALUATION OF IMPACTS OF THE 
TWO SYSTEMS 

For evaluation purposes, impacts resulting from the 
implementation or operation of an HSGT system may be 
grouped ' as follows: 

1. Technical risks; 
2. Energy impacts related to speed and tech­

nology; 
3. Socioeconomic impacts; and 
4. Aesthetic and environmental impacts related 

to the presence of the system and emphasized by the 
intensiveness of its operation. 

Each of these impacts will be discussed in more 
detail in the following paragraphs. 

Technical risks must be considered because they 
could delay the system from commissioning or reduce 
its availability. These risks will be greater for 
Maglev, which has not yet been placed in revenue 
service. Two aspects of these risks should be con­
sidered: (a) possible technical modifications to the 
system as a revenue service version is being devel­
oped from the prototype ( thi s would tend t o reduce 
costs), a nd (bl tec hnology adaptation t o Canadian 
climatic conditions (th is is also a pro blem f o r t he 
Rail technology). 

Three components of energy impacts should be 
noted : (a ) a nnual direct energy cons umption for 
system operation (pr imar ily veh icle p ropulsion), (b) 
once-over indi r ect e nergy consumption for system 
implementation, and (c) energy savings from modal 
shifts. Maglev has a higher direct energy consump­
tion both due to its higher speed and technology . 
Maglev also has a s ign ificantly g r ea t e r i ndirect 
energy consumption due to its higher c onstruction 
cost . Finally, due to its h igher speed , Maglev will 
attract more automobile drivers and passengers and 
reduce petroleum consumption. (Overall, however, 
energy consumption is probably not a highly signifi­
cant factor in this case.) 

Among socioeconomic factors, two impacts should 
be noted : the c reation of temporary j obs for con­
struction of the system and creation of permanent 
jobs f o r continued operation and mai ntena nce of t he 
system . Maglev will c r eate a pproximately twice as 
many tempo r ar y j obs as will Rail ; this cor r esponds 
r oughl y t o the difference in construction costs , 
adjusted for t ec hnology and propor tion manufactured 
i n Cana.da . Maglev will create about 20 perc ent mor e 
pe r manent jobs, due in part to its highe r maintenance 
costs . This difference would increase with an in-
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crease in the level of traffic and would be reduced 
if Maglev maintenance cost estimates were revised 
downw11rn. 

Two significant physical impacts are noise and 
visual intrusion. Traveling at low speed in urban 
areas, Rail will be noisier because of the friction 
in its running gear. Traveling at high speed in 
rural areas, Maglev will be noisier because of skin 
f r iction due to its greater aerodynamic drag. In 
both c a s e s , the level of disturbance will probably 
not be signif icant. 

Visua l impacts ar a mainly d ue to t he presence of 
the i nfrastruct ure . Wi th i t s eleva ted g u i deway, 
Magl ev would c r e a te a grea t er v isual i nt ru s ion in 
urban areas and less disruption in rural areas. This 
is discussed in greater detail in the following two 
sections. 

INSERTION OF HSGT RIGHTS-OF-WAY IN THE ENVIRONMENT 

From the short impact analysis presented in the 
pre c eding s ection, it appear s t ha t most physical 
imp a c t s (noise and visual i n t rusion) and some f unc­
tional i mpac ts (e . g ., communi t y d i s r uption) are 
directly re1 a t ed t o the p resence o f t he righ t -of -way 
and t he i nfr as tructure use d for o p e rating HSGT s ys­
t e ms , The presence o f the f ac i l i t y cons ume s s pace 
th a t couid be used fo r othe r pur poses , a nd t he move­
ment of high-speed vehicles on it may be perceived 
as an additional source of danger. 

In this study, the detailed analysis of Rail and 
Maglev routes on low-scale maps provided an oppor­
tunity to assess these effects in a variety of rep­
resentative situations. The quality of the assessment 
was enhanced by the availability of data and previous 
studies, numerous site visits, and members of the 
study team having had substantial experience with 
the areas studied. The following observations were 
made during the route analyses. 

These observations are presented below as answers 
to the following questions: Can it be done? How? 
Wha t will t he i mpacts be ? F i rst , t he possibil i t y o f 
us ing e xisting r ights- of-way is analyzed and , s econd, 
p r o blems a ssociated with the c rea ti on o f ne w r i ghts ­
of-way a re cons i d e r ed. I nfere nce s drawn from t hese 
observations are presented separately for urban and 
rural areas. 

lJsp of 'P.xii;ting Ri gh tc-of-Way 

The use of e x isting railway righ ts-of~way for ope r ­
a t i ng RSG'l' serv i ces appear s to b e a poten tial s o lu­
t i on. I n t he study area , t he re are numerous ra i l way 
r i ght-s-of -way, a nd most are presently underut il ized . 
T h irty meters in width, t hey typically carry o nly 
one track e ve.n thoug h there is room for five o r 
perhaps six tracks. 

For the Rail technology, use of existing railways 
presents no major technical or operational problem. 
An exclusive double track for a high-speed train 
would typically be placed on the edge of the right­
of-way, on the side with the fewest industrial spurs 
(these could still be accessed occasionally across 
high-speed tracks with proper protection). If there 
is no room for two more tracks, the high-speed oper­
ation could (with possibly some degradation in level 
of s e rvice) share tracks with conventional ra ilwa y 
services for a short d istance; adequate s ignal 
interlocking would ensure the safety of the joint 
o per a tion. 

In an urban area, the insertion of two additional 
tracks in an existing railway right-of-way would 
attract little attention. The situation could be 
different in a rural area, howeveri it would be 
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different in the area between Montreal and Ottawa . 
In that corridor existing rail lines cut across 
numerous farm properties. With today's almost 
nonexistent rail traffic, farm operations are 
cond ucted as if there were no t r ack . Freque nt 
operation of high-speed train s wou l d change fa rm 
o perat i on d ramatically. The r ight-of - way coul d ha v e 
to be f e nced t o p r e clud e unco ntrolled crossing b y 
farmers , t heir animals , and their mach i nery . The 
impact o f t h i s i n trusion wo uld be significant , and 
cor r ective meas u res (wh i ch would probably be e x pen­
s i ve ) w u.lcl have to be taken to mitigate t h e im­
pacts. These measures have been analyzed in some 
detail, but no solution has been found that was 
simple, inexpensive, and satisfactory. 

Inserting a Mag lev guideway on an existing rail­
way is more difficu l t . Placing a double guideway at 
grade on the edge of the right-of-way would require 
an area of approximately 15 m, which would consume 
half of the available width. In some cases, the 
remaining width could be sufficient for accommodat­
ing existing traffic and serve railside industriesi 
access to one side of the right-of-way would be 
practically impossible. 

A different solution was considered in this 
s t udy : t he construction of an elevated g uid eway 
a bove exist ing tracks. The guideway beams wou ld be 
supported on a rigid frame designed to provide a 
12- to 18-m wide clearance for railway operations. 
The construction of an elevated guideway creates 
significant visual (and possibly noise) intrusioni 
its construct i o n above railway tracks may alleviate 
the problem because the rail line often crosses 
industrial rather than residential neighborhoods. 

Use of existing expressway rights-of-way was also 
investigated. This appears to be a good solution 
considering bo th its physical i111pacts and dis r up t ion 
e ffects. Many North Ame r ican e xpressways are built 
with a larg e med i a n, which wou ld a ccommodate a Rail 
system or a Maglev system. 

However, this potentially attractive solution is 
not easy to implement. Even on expressways that have 
space available in the median, most, if not all, 
structures that cross the median would have to he 
rebuilt. Drainage would have to be reorganized, as 
would snow removal processes, because medians are 
used to accumulate snow. In rural areas, th is ap­
proach is probably feasible. In urban areas, however, 
the median is often too narrow. Access to and egress 
from the expressway would probably require major 
structural work. In this case, then, costs, rather 
than impacts, dominate the discussion. In the study, 
no expressways were found that had an appropriate 
alignment for building an HSGT system in the median. 

Creation of New Rights-of-Way 

The creation of a new right-of-way in an urban area 
today is only a last-resort solution because of 
associated high costs and negative impacts. It was 
not found necessary to resort to that solution in 
the study. If it were found to be necessary the 
guideway would probably have to be built under­
ground. In this case, Maglev would be at a cost 
disadvantage because of the broader tunnel gauge 
that is required for the vehicle analyzed. 

The creation of a new right-of-way in a rural 
area encounters fewer problems. Land acquisition 
costs are low and, due to low intensity of land-use, 
physical impacts are not a major issue. Disruption 
effects must be considered, however. In this case, 
Maglev has an advantage in routing flexibility be­
cause an elevated Maglev guideway does not create a 
physical barrier that would disrupt communities or 
interfere with human activities such as farming. 
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In summary, the insertion of HSGT guideways is 
1 ikely to create unfavorable environmental impacts. 
These will be smallest when implementing an exclu­
sive double track in an existing railway right-of­
way in an urban area. In a rural area, depending on 
intensity of land use, that solution may lose much 
of its appeal because of the disruptive effect of 
the barrier created by the fence around the right­
of-way. Maglev guideways at grade could be imple­
mented in existing railways only under certain con­
ditions, but they could be built on a structure over 
existing tracks. 

In general, the creation of new rights-of-way in 
a dense urban area is likely to require underground 
construction; in this case the Rail system would 
have a cost advantage because of its smaller tunnel 
cross section. The creation of a new right-of-way in 
a rural area might be made more acceptable by using 
an elevated construction that would have reduced 
disruptive effects; in this case, the Maglev in­
frastructure would have an advantage. 

SUMMARY AND CONCLUSIONS 

The objective of this study was to establish the 
major differences in costs and impacts that result 
from the technological differences between two high­
speed guided ground transport systems by using two 
types of technologies for vehicle support, guidance, 
and propulsion: magnetic attraction and conventional 
wheel-on-rail contact. 

The comparison was made between two HSGT systems: 
the TransRapid long-stator magnetic-levitation sys­
tem that was developed in the Federal Republic of 
Germany, which has a maximum operating speed of 400 
km/hr; and a Rail system that uses bidirectional 
consists powered at 25 kV alternating current, which 
has a maximum operating speed of 200 km/hr. 

To realistically compare the two technologies, 
conceptual designs for both systems were prepared by 
using a well-documented route: high-speed service 
between Montreal and Ottawa (an airline distance of 
approximately 200 km) with two intermediate stops. 
Both systems were designed for the same market on 
the basis of identical service specifications. Pre­
dicted differences in estimated ridership thus re­
sulted primarily from the travel time differential, 
which was due to the difference in maximum operating 
speeds. 

A detailed estimation of construction costs showed 
that those of a Maglev system would be approximately 
2.38 times those of a Rail system. The ratio results 
primarily from analysis of two technological charac­
teristics of the Maglev system: the rigid structure 
that is needed to maintain the appropriate air gap 
for efficient operation of the magnetic attraction 
process, and the complex power conversion apparatus 
that is used to supply the active long stator with 
current at variable frequency and voltage. 

A' detailed estimation of operating, maintenance, 
and other recurring costs was also performed. The 
Maglev-to-Rail ratio of costs was approximately 
1.58. Over time, as the level of traffic increases, 
the ratio will tend to increase slightly. 

Ticket cost was estimated by considering the 
estimated capital and operating costs and the reve­
nues necessary to render each operation profitable 
and solvent. Calculated over a period of 20 years, a 
one-way ticket between Montreal and Ottawa would 
cost on average $57 for Rail and $94 for Maglev 
(1983 Canadian dollars). A comparable ticket cur­
rently costs $25 by rail and $80 by air. 

A detailed sensitivity analysis was performed on 
these results by using the economic indicators that 
are usually susceptible to variations. The above 
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conclusions were not found to vary significantly 
under any reasonable set of assumptions. 

Changes in capital and operating costs, however, 
could alter the difference between ticket costs for 
the Maglev system and the Rail system. The occur­
rence of such changes is probable in two specific 
cases for the Maglev system: 

1. Development of a less complex power supply 
and distribution system (this work is already in 
progress); and 

2. Actual experience with system maintenance. 
(Due to lack of experience, a conservative approach 
was used in the study, and this may have led to an 
overestimation of the Maglev maintenance costs.) 

Concerning impacts, the comparative evaluation 
identified significant differences between the two 
systems on several aspects; these are discussed 
below. 

The first difference is the technical maturity of 
both systems. Whereas railways have been operated 
for more than 100 years, Maglev systems have been in 
development for less than 20 years. As a result, 
there are currently a greater number of risks as­
sociated with the decision to implement a Maglev 
system. Over time, with continued systematic testing 
and eventual revenue operation, Maglev will progres­
sively bridge that gap. 

The second difference between the two systems 
concerns the physical and functional impacts asso­
ciated with the presence of the right-of-way and the 
infrastructure, and the resulting flexibility (or 
lack of it) that a system has if those impacts are 
to be maintained at ari acceptable level. 

In dense urban areas, if a new right-of-way must 
be created, it will probably be built underground; 
in this case the Maglev system will incur higher 
costs because its vehicle is wider. If existing 
railway rights-of-way are to be used, a Rail system 
would be easier to insert in them; existing express­
ways are not likely to provide suitable lodging for 
an HSGT guideway in an urban area. 

In rural areas, creation of a new right-of-way 
encounters fewer problems. The most economical solu­
tion is to insert the HSGT at grade in an existing 
railway right-of-way or in the median of an existing 
expressway. For a railway, however, the need to 
protect the HSGT with fences will disrupt rural 
activities to an extent that could be intolerable. 
An elevated guideway would then be a logical choice; 
in that case, the additional cost of raising the 
guideway would be much lower if a Maglev were used 
than if a Rail technology were used. 

RECOMMENDATIONS 

The major conclusions that were drawn from a com­
parative assessment of two HSGT technologies, Maglev 
and Rail, have been presented in this paper. Sig­
nificant differences in capital and operating costs 
were found; these differences result in a Maglev 
ticket cost that is 135 to 164 percent of that of a 
Rail ticket. This difference was due mainly to the 
high capital cost of Maglev's complex wayside power 
conversion equipment and rigid guideway beams, and 
to high fixed charges for installed power. This 
conclusion should be interpreted in light of three 
significant characteristics of the study from which 
it was drawn. 

First, the route that was used as the basis for 
this study is not the ideal one for the implementa­
tion of an HSGT system; the distance is too short 
(200 km) and the market potential is too low. As a 
result, capital costs may appear high in relation to 
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the level of traffic, which results in relatively 
high ticket costs. This tends to raise doubts about 
the feasibility of impleme11Ll11y dll HSGT system in 
that corridor. This was known before the study was 
begun; however, feasibility of implementing the 
system was not the primary concern of the study. The 
choice of a short distance over which to implement 
the system tends to bias the comparison in favor of 
the Rail technology. For a longer distance the ratio 
of capital costs would be about the same, but because 
of the higher speed and greater travel time savings 

- of- -Ma<Jlev ,-i-ts- compelotto-ive - advantage-and- greater­
attractiveness to potential riders would be enhanced. 
The Maglev-to-Rail ratio of ticket cost would de­
crease. A future comparative assessment similar to 
this one should be based on an application that has 
a minimum terminal-to-terminal distance of 300 to 
400 km. 

Second, the difference between the speeds of the 
two systems is large: the speed of one system is 
twice the maximum speed of the other. These speeds 
were specified at the outset. The result is that the 
comparison of the two systems measures two types of 
effects: those due to speed and those due only to 
technology. A reduction in the speed gap would not 
only lower all cost ratios, but moreover would allow 
the measurement of the effect of technology alone. A 
future comparative assessment similar to this one 
should consider systems that have a difference in 
maximum operating speeds that is less than 100 km/hr; 
ideally, the difference should be less than 50 km/hr. 

Third, it is difficult to make a comparison be­
tween a mature system and a new system. The speed 
with which the developing system will reach maturity 
is a matter of speculation, and assumptions may 
range from severely pessimistic estimates to overly 
optimistic estimates. In this case, a somewhat con­
servative approach was used for evaluating costs of 
the Maglev system. Three examples of this conser­
vatism should be noted: (a) the Maglev guideway was 
assumed to be built by using conventional construc­
tion techniques, whereas new methods would probably 
be developed, which would lower the costs of this 
system; (b) the cost of the Maglev propulsion system 
was ba.ie<l on that of the prototype; and (c) mainte­
nance costs for Maglev were estimated by comparing 
observed costs on similar existing systems, whereas 
efficient techniques that are specific to the Maglev 
system would be developed. (The scope of the study 
did not allow sufficient analysis of how these 
developments could reduce the costs of the Maglev 
system.) Similar cost reductions could also be 
possible for Rail. A similar comparative assess­
ment should include a careful analysis of expected 
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developments in construction and manufacturing meth­
ods as well as in operating and maintenance proce­
<lures to assess their effects on capital and operat­
ing costs. 
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