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6. ALTERNATIVE DESIGN CONCEPTS FOR 
THE PREFERRED SOLUTION: RAPID 
TRANSIT ROUTES AND TECHNOLOGIES 
(CLASS EA PROCESS – PHASE 3) 

 
This chapter describes the analysis and initial screening of the alternative 
design concepts for improving public transit in the study area.  York 
Region’s TMP (June 2002) recommended the introduction of rapid transit 
service as the most effective method to achieve a significant increase in 
transit mode split for the major travel patterns within the Region and across 
its boundary with Toronto as well as connecting the Regional Centres along 
Yonge Street and Highway 7.  The TMP analyzed a range of corridors 
leading to the rapid transit network of north-south and east-west corridors 
recommended in the TMP for implementation by 2031 (refer to Figure 1-1 ). 
 
As a first step in assessing the alternative design concepts for public transit 
improvement, north-south route alternatives throughout the study area were 
assessed and an initial screening of their response to the project’s 
objectives was undertaken.  For some alternatives, a short east-west 
segment was included to transition between north-south segments. 
 
Secondly, the potential rapid transit technologies are introduced and 
evaluated for application on the network.  As a precursor to detailed 
evaluation of rapid transit alignments along the routes, described in 
Chapter 8 , this chapter also compares generic alternatives for location of 
rapid transit infrastructure in a road right-of-way forming all or part of a 
route. 
 
 

6.1 RAPID TRANSIT ROUTES 
 
The South Yonge Street Corridor EA, approved by the Ministry of the 
Environment in April 2006, determined the details of a rapid transit network 
along Yonge Street to the south of the study area for this EA.  The link to 
the rapid transit network in the South Yonge Street EA will complete the link 
to the Newmarket Regional Centre as envisioned by the Region’s TMP, 
Official Plan and Centres and Corridors Study. 
 
6.1.1 Preliminary Screening of Route Options 
 
6.1.1.1 General Objectives for Routes  
 
The following general objectives, consistent with the purpose of the project 
described in Section 2.4.3  have been used in identifying the corridor 
alternatives for the rapid transit system in north York Region: 
 

�  Provide access to the Regional Centres in the corridor; 
�  Service existing medium to high-density residential development; 
�  Allow access to major generators/attractors of potential ridership such 

as town centres, employment centres, retail centres; hospitals, 
community facilities, schools, etc…; 

�  Provide inter-connectivity with other modes of transportation, such as 
the 400-series highways to promote park and ride; 

�  Facilitate inter-connectivity with existing and planned GO Transit and 
other YRT services; 

�  Promote opportunities for intensification of development or new transit-
oriented development in; 

�  Minimize the impact on environmentally sensitive features in the 
corridor; 

�  Feasible implementation in potential rights-of-way; and 
�  Implementation sensitive to the surrounding community. 
 
The corridor alternatives could consist of different route combinations in 
order to satisfy the objectives listed above.  The route options available 
follow existing road rights-of-way and run adjacent to existing rail rights-of-
way. 
 
6.1.1.2 Description of Route Alternatives  
 
A broad range of route alternatives was identified following existing arterial 
or collector road rights-of-way or the GO Bradford Line rail right-of-way by 
assuming a parallel right-of-way adjacent to the rail right-of-way.  These 
routes in each municipality are shown in Figures 6-1  to 6-3. 
 
All routes commence at the northern limit of the approved South Yonge 
Corridor transitway alignment, the intersection of Yonge Street and 19th 
Avenue in Richmond Hill. 
 
6.1.1.3 Assessment and Evaluation of Alternative Ro utes  
 
Routes were evaluated using a two-step process.  An initial evaluation was 
undertaken to screen out alternatives that clearly would not meet the needs 
of rapid transit in the corridor and/or may not be feasible due to significant 
community or environmental impact or unacceptable property requirements.  
In order to undertake this evaluation, three segments were developed which 
correspond to the municipality boundaries.  The segments were as follows 
 

�  Richmond Hill (RH) from 19th Avenue to Bloomington Road. 
�  Aurora (A) from Bloomington Road to the south municipal boundary 

of Newmarket, just north of St. John’s Sideroad. 
�  Newmarket/East Gwillimbury (NE) from the south municipal 

boundary of Newmarket to Green Lane. 
 
The findings of this screening evaluation are presented in tabular form in 

Tables 6-1 to 6-3 , for Richmond Hill, Aurora and Newmarket/East 
Gwillimbury respectively.   
 
6.1.1.4 Results of screening of Alternative Routes  
 
Based on the route option preliminary screening results presented in 
Tables 6-1 to 6-3  inclusive, a short-list of candidate route options was 
identified for further assessment in the second stage in the alternatives 
analysis process.  The routes that were carried forward for further 
evaluation, by segment, are as follows: 
 
Richmond Hill: 19 th  Avenue/Gamble Road to Bloomington Road 
 

�  RH2 Yonge Street  
 
Aurora: Bloomington Road to Newmarket Municipal Bou ndary, north 
of St. John’s Sideroad 
 

�  A2 Yonge Street 
�  A3 Yonge Street/Industrial Parkway/St. John’s Sideroad 
�  A4 Yonge Street/Industrial Parkway/adjacent to GO Bradford ROW 

 
Newmarket/East Gwillimbury: Newmarket Municipal Bou ndary, north 
of St. John’s Sideroad to Green Lane 
 

�  NE2 Yonge Street/Green Lane 
�  NE3 adjacent to GO Bradford ROW to Green lane 
�  NE5 Yonge Street/ Eagle Street West/Newmarket GO Bus 

Terminal 
�  NE6 Yonge Street/Davis Drive/Main Street/Green Lane 
�  NE7 Yonge Street/Davis Drive to Leslie Street 
�  NE8 Yonge Street/Davis Drive/Bayview Parkway/Green Lane 
 

The analysis to select a preferred route within the combination of the 
subject corridors is described in Chapter 8 . 
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6.2 RAPID TRANSIT TECHNOLOGIES 
 
6.2.1 Transit Technologies Considered 
 
Both York Region’s TMP and the analysis and evaluation of alternative 
transportation solutions carried out during this EA have indicated that 
implementation of rapid transit service with the appropriate technology and 
associated infrastructure will constitute an effective form of public transit 
improvement in the North Yonge Street Corridor. 
 
The broad range of technologies examined as part of the EA included the 
following: 
 

�  Conventional Bus 
�  Bus Rapid Transit (BRT) – in exclusive, HOV or general 

purpose lanes 
�  Light Rail Transit (LRT) 
�  Commuter Rail - Diesel Multiple Units (DMU) 
�  Automated Light Rail Transit – version of Automated 

Guideway Transit, and 
�  Heavy Rail (subway) 

 
Each of these rapid transit technologies is briefly described below:  
 
�  Conventional Bus: Conventional 

buses would be an integral part of 
any enhanced transit system, either 
serving to feed a rapid transit system 
or as an integral part of a bus-based 
system.   

 

 
�  Bus Rapid Transit (BRT): BRT is a 

flexible form of rapid transit that 
combines transit stations, vehicles, 
services, running way, and 
Intelligence Transportation System 
(ITS) elements into an integrated 
system. 

 
�  Light Rail Transit (LRT): LRT is a 

flexible transportation mode that can 
operate in a variety of settings.  It is 
a relatively low cost form of rail 
technology, usually obtaining electric 
power from overhead wires. 

�  Commuter Rail (Diesel Multiple 
Units): This technology is a modern 
form of a diesel-powered rail car.  
Diesel Multiple Unit’s are self-
propelled and distinguished from 
current commuter rail equipment 
with each vehicle motorized rather 
than pushed or pulled by a heavy 
diesel engine. This technology 
operates on conventional rail tracks. 

 
�  Automated Light Rail Transit:  This 

intermediate capacity technology 
uses fully automated driverless 
trains, necessitating fully grade-
separated operations, typically on 
an elevated guideway and at high 
frequency to provide capacity in the 
15-25,000 passengers per hour per 
direction. 

 
�  Heavy Rail: This technology would 

consist of high capacity rail cars 
operating in transit of two or more 
cars on fixed rails in separate 
rights-of-way.  This concept is used 
to serve very high volume corridors 
with capacity requirements in the 
order of 20,000 to 50,000 peak 
hour passengers per direction. 

 
6.2.2 Screening of Alternative Transit Technologies  
 
The selection of a rapid transit technology should utilize a full range of 
information on the specific situation produced by an objective EA study.  
The general consensus of transit professionals is that there is no specific 
demand volume at which there is always a single, preferred rapid transit 
mode because of the importance of relative costs, benefits and impacts in 
decision making.  Two ridership level thresholds do, however, have 
important impacts on development of alternatives and mode selection: 
 
�  It is difficult to justify providing an exclusive lane for rapid transit if 

expected ridership is not higher than the number of people who would 
use the same road space in general traffic, i.e. 800-1,000 persons per 
hour on an arterial road lane or 2200-2400 per hour on a freeway lane; 

 
�  Above a certain demand level (7,000-10,000 persons per hour per 

direction), measures permitting BRT express service, partially grade 
separated rail transit (i.e., LRT) or fully grade separated rail transit (i.e. 
subway) are required to sustain reliable, high speed service. 

 
Rapid transit modes and technologies can evolve in a particular corridor 
over time.  As growth occurs and development patterns change, increases 
in transit demand may justify or even mandate more expensive and 
complex technologies over time.  For example, rapid transit development in 
a corridor may begin with a conventional BRT service operating in mixed 
traffic with dedicated transit lanes along specific segments.  Over time, as 
ridership increases, partially segregated transitways, station by-passes, 
larger and more complex vehicles, upgraded intelligent transportation 
systems and other technologies can be added. 
 
In addition to capacity and operational reliability considerations, the 
relationship of a particular segment to adjacent parts of the network and 
hence the need for compatible technologies is a key determinant in 
selecting the optimum technology. 
 
Table 6-4 summarizes the preliminary screening of the full range of transit 
technologies identified above for the candidate routes.  The screening 
process compares the overall responsiveness of each technology to the set 
of primary objectives and evaluation criteria set out in the EA’s Terms of 
Reference.  The rationale for selection of the technology(ies) carried 
forward from the screening (Table 6-4) is outlined below. 
 
�  The use of heavy rail (subway) cannot be justified given that the long 

term travel demand generated by the planned land use in the North 
Yonge Street Corridor is projected to be well below the 15-20,000 
passengers per hour range.  Typically, this ridership level is required to 
make the high capital investment warranted and to gain the operating 
cost benefits implicit in high-volume subway technology.  Furthermore, 
it is unlikely that Toronto’s Yonge subway will be extended to the 
southern boundary of the study area in the foreseeable future. 

 
�  Similarly, since automated light rail transit has not been selected for the 

Yonge Street corridor south of the study area because the technology is 
not cost-effective at the demand levels projected, it is not a logical 
candidate for the lower passenger volumes projected in the North 
Yonge corridor. 

 
�  The analysis tabulated also shows that it would not be possible to 

achieve the rapid transit performance objectives with a service based 
on conventional buses, other than in a feeder role. 

 
�  Commuter rail, in the form of diesel multiple unit technology with 

stations at greater spacing, does not respond to the mobility, transit- 
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oriented development and right-of-way integration objectives in the 
study area.  This technology is more appropriate for longer distance 
commuter trips such as those currently carried on the GO Barrie Line to 
downtown Toronto. 

 
�  In the context of the above findings, the choice of the appropriate rapid 

transit technology for the service in the near and medium term must 
therefore focus on cost effective, surface rapid transit alternatives that 
are compatible with the preferred rights-of-way and station spacing 
requirements identified in the route evaluation phase. 

 
Consequently, the remaining surface alternatives which will be carried 
forward include BRT and LRT technologies. 
 
In order to assess the effects of implementation and operation of these 
candidate technologies on the environment it is essential to document the 
basic characteristics of each technology family.  These are summarized in 
the following sections as background to the alignment and technology 
insertion analysis presented in subsequent chapters. 
 
6.2.2.1 Bus Rapid Transit (BRT)  
 
Rapidway:  BRT can operate mixed with general traffic, in HOV lanes, 
and/or exclusive bus lanes, and/or segregated transitways.  The operating 
speed, capacity and reliability increases with the degree of segregation 
from general traffic and grade separation. 
 
Vehicle Technology:  BRT 
may use either conventional 
buses or specialized rubber-
tired BRT vehicles.  
Available propulsion options 
range from conventional 
diesel to clean diesel, 
Compressed Natural Gas to 
turbine-electric hybrids and 
all-electric trolleys.  Low-
floor, multiple wide-door 
designs and optional 
guidance into stations 
enables quicker boarding and alighting thus reducing station dwell time.  
Vehicle lengths range from 12.2 metres to 18 metres for single units, with 
25.5 metres bi-articulated units used in some systems.  Typical passenger 
capacities are 60 (single unit) to over 110 (bi-articulated unit) standing and 
seated passengers per vehicle. 
 
System Capacity:  Segregated BRT service with station bypass lanes is 

capable of handling over 12,000 persons per peak hour per direction, 
depending on the degree of segregation from other traffic and grade 
separation.  The busiest BRT segment in North America, downtown Ottawa, 
carries approximately 10,000 passengers per hour in the peak direction 
during the single peak hour.  The practical capacity without overtaking 
capability at stations is in the 8,000 passenger per hour range. 
 
Intelligent Transportation Systems (ITS):  Contemporary BRT systems 
usually incorporate ITS with an automatic vehicle location module that 
supports transit signal priority at intersections and real-time passenger 
information at stations, on-board and at home. 
 
Stops or Stations:  These generally comprise platforms varying in length 
from 15 m to 55 m with shelters and passenger amenities.  They are 
generally designed to be accessible by the disabled and may also include 
support facilities such as park–and-ride lots or passenger pick-up and drop-
off areas.  Station spacing is approximately 0.5 km to 1 km in built-up 
sections of corridors increasing to 2 km in lower density areas. 
 
Off Board Fare Collection:  Prepaid fares are required to reduce dwell 
times at stations and for passenger convenience.  Options include fare 
gates and fare-paid, segregated platforms in stations and proof of payment 
systems using passes, smart cards or tickets. 
 
Capital Costs:  Total costs, including transitways, stations, ITS, vehicles, 
fare collection system, etc. range from $0.7M – $4.0M per two-way km for 
on-street BRT in mixed traffic using existing lanes to $20M - $35M for a 
partially segregated transitway with mostly at-grade intersections.  Costs 
can increase to $60M+ per km for fully segregated, grade- separated 
segments.  Implementation costs depend on the volumes to be carried, 
system complexity, the degree of segregation from general traffic and the 
type and degree of grade separation (e.g., at grade, in subway or elevated). 
 
6.2.2.2 Light Rail Transit (LRT)  
 
Rapidway:  LRT can operate 
mixed with general traffic 
(i.e. streetcar systems), 
and/or on exclusive lanes, 
and/or on segregated 
transitways.  The operating 
speed, capacity and 
reliability increase with the 
degree of segregation from 
general traffic and grade 
separation. 
 

Vehicle Technology:  LRT vehicles range from all-electric to diesel 
propelled, of both high and low-floor car designs.  Lengths vary from 14 
metres (single unit) to 45 metres (bi-articulated unit).  Typical passenger 
capacities are approximately 75 (single unit) to as high as 200 (bi-
articulated unit) standing and seated passengers per car.  Vehicles can be 
coupled to form up to three or four car trains depending on vehicle length 
and demand.  Direct, no-step station platform to vehicle boarding and 
alighting through multiple wide doors, often on both sides of cars, can be 
provided. 
 
System Capacity:  LRT systems are capable of carrying up to 18,000 
persons per peak hour per direction, depending on the degree of 
segregation from other traffic and grade separation.  Approximately, 10,000 
people per hour (peak hour, peak direction) use the busiest light rail 
segments in North America in downtown Calgary and on the Green Line in 
downtown Boston. 
 
ITS: LRT systems have a signal system to control train operations, provide 
data and voice communications and enhance safety and security.  
Contemporary LRT systems also have ITS capabilities to provide transit 
signal priority at intersections and real-time passenger information at 
stations, on-board and at home. 
 
Stops or Stations:  These generally comprise platforms varying in length 
from 15 m (streetcars) to 90 m (multi-car trains) with shelters and 
passenger amenities.  They are generally designed to be accessible by the 
disabled and may also include support facilities such as park-and-ride lots 
or passenger pick-up and drop-off areas.  Station spacing is approximately 
0.75 km to 1 km in built-up sections of corridors increasing to 2 km in lower 
density areas. 
 
Off-board Fare Collection:  Pre-payment of fares is required to reduce 
dwell times at stations, take advantage of efficiencies of train operation and 
for passenger convenience.  Options include fare gates and fare-paid, 
segregated platforms in stations and proof of payment systems using 
passes, smart cards or date and time-validated tickets. 
 
Capital Costs:  Total costs including stations, ITS, vehicles, fare collection 
system, etc. range from $5M per km for single track diesel lines using 
former rail rights-of-way to $40M per km for double track. partially 
segregated at-grade, electrified lines with mostly at-grade intersections.  
Fully segregated, grade separated electrified transitways can cost up to 
$100M per km for double track.  Implementation costs depend on volumes 
to be carried, system complexity, degree of segregation from general traffic 
and the degree and type of grade separation (e.g., at grade, underground 
or elevated). 
 



 

�

��������	�
����
��� � ���������	
����

������
��������
�������
�����������
��
 �������������
�
�������
����
��������
���
��� �� 0�  

� �

6.2.3 Evaluation of Alternative Technologies 
 
In order to assess the merits of various applications of the two surface rapid 
transit alternatives, BRT and LRT, a Regional rapid transit network 
configuration analysis was undertaken to ensure that the findings of EA’s 
for each corridor in the network support a comprehensive and coordinated 
network of rapid transit lines and technologies.  This analysis, undertaken 
prior to making final recommendations in any single corridor, recognizes 
that decisions on investment and operations in one corridor will have 
impacts on the others and the network as a whole. 
 
For the network evaluation, two sets of criteria were developed, one 
allowing a quantitative assessment and the other a qualitative comparison.  
The evaluation comprised analysis of the alternatives in terms of both sets 
with the combination forming the basis for selection of the preferred 
technology.  Criteria used were the following: 
 
Quantitative Criteria  
 
�  Capital cost (total cost of infrastructure and vehicles for entire length of 

route); 
�  Operating and maintenance costs (annual cost to operate service 

required for projected demand in 2021); and 
�  Ridership to be carried (link volume at the maximum load point in the 

peak hour, peak direction and the total incremental daily riders on the 
rapid transit network over and above the baseline alternative, bus 
service in mixed traffic with some signal priority). 

 
Qualitative Criteria  
 
�  Network connectivity with each technology alternative (direct 

connections with other GTA operators and modes,  
�  Service to logical termini,  
�  Ability to provide direct service to most important markets); 
�  Quality of service provided by each technology alternative (expected 

total O/D trip times for key markets, speed and reliability at forecasted 
demand levels, proportion of service and ridership under conditions 
approaching capacity of alternative); 

�  Influence of technology alternative on land use (Smart Growth potential 
at planned station locations, ability to influence development along 
route); 

�  Effect of technology on environment (significant natural, social and 
heritage environmental issues); and 

�  Risk of technology choice (implementation time and difficulty, flexibility 
to address changes in expected markets, investment risk if system is 
upgraded/expanded or unexpected changes occur). 

 

Analysis findings to date indicate that initially, the network will comprise 
BRT technology in all network corridors feeding the two planned subway 
extensions to Highway 7 at the Richmond Hill and Vaughan Regional 
Centres.  In the medium-longer term certain portions of the network may 
require conversion to LRT technology to overcome the potential loss of 
reliability of high-frequency BRT service in highly congested traffic zones. 
Consequently, the BRT infrastructure would be constructed to design 
standards facilitating an ultimate conversion to LRT technology when 
warranted. 
 
In the case of the portion of the network in the North Yonge Street Corridor 
EA study area north of 19th Avenue, the analysis found that the land use 
and transportation factors that would trigger consideration of conversion 
from BRT to LRT technology are unlikely to be in place for some 
considerable time.  Nevertheless, it is important to recognize the benefits of 
seamless transit service across networks and the need to protect for 
compatibility of infrastructure in all segments of the network.  Therefore, it is 
recommended that the technically preferred design alternative developed 
through this EA incorporate design standards that do not preclude ultimate 
conversion to LRT technology, if and when warranted. 


