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EXECUTIVE SUMMARY 
 
Background 
GO Transit’s Lakeshore corridor, which runs east and west from Hamilton to Oshawa, is the 
backbone of its commuter rail service. Carrying almost 100,000 passengers on any given 
workday, this line carries almost 60% of the total daily GO Transit rail passenger volume. 
 
A number of studies have been undertaken over the last 25 years to examine the feasibility and 
economic impact of electrification of GO Transit’s rail system. The most recent study, originally 
conducted in 1992 and then updated in a 2001 addendum, concluded that the existing diesel 
operation continued to demonstrate an economic advantage over the introduction of an 
electrified railway along the Lakeshore Line. The impetus of the 2001 addendum was the 
opportunity for lower initial costs of electrification by the availability of a number of electric 
locomotives, built in 1983 but slightly used, and the availability of new and lightly used 
substation equipment and overhead catenary system (OCS) material.  
 
Substantial market changes and Lakeshore corridor operational adjustments have taken place 
since the 2001 study addendum, including: 

• surplus electric locomotives and other OCS materials are no longer available    

• train set lengths have increased from ten to twelve car consists 

• substantial plant improvements in USRC (Union Station Rail Corridor) 

• more powerful MP-40 diesel locomotives have been introduced into the fleet 

• track expansion programs have increased the corridor distances from 161 to 225 track 
miles (258 to 360 km) 

• energy costs, particularly diesel fuel costs, have escalated appreciably.  
   
In addition, since the 2001 update, a seismic change has occurred in the general population’s 
recognition of, and political will to reduce, the impact of carbon emissions on the environment. In 
its Move Ontario 2020 Transit Plan, the Government of Ontario has identified the electrification 
of the Lakeshore Rail corridor as a key investment target for increasing rail passenger capacity 
while also achieving greenhouse gas reductions.  
 
Before initiating an Ontario Ministry of Environment review, GO Transit requires an update to 
the feasibility study incorporating all of the market and operational changes that have occurred 
since the 2001 addendum. 
 
Analysis 
The key objectives of this study were to compare the economic costs of diesel and electric 
operation and produce an update to the 2001 addendum of the 1992 study. Capital and 
operating costs that are common to both modes of operation were ignored so as to produce a 
purely comparative cost analysis. Hence, all cost estimates contained in this report only provide 
a basis for comparison between diesel and electric operation of the line, and are not meant to 
provide a definitive cost estimate for either mode.  
 
Electrification promotes shorter running times on account of faster acceleration and braking 
capabilities. For example, previous studies have illustrated a 12 minute reduction in overall 



 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 

PR243550.004  Page vi 

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  

corridor travel times, which remain valid. This, in combination with other plant improvements, 
provides opportunities for increasing passenger capacity.  The costs associated with these other 
improvements, such as removing headway impediments created by limitations in the signal 
system, expanding passenger handling facilities, and reducing congestion at Union Station, 
have not been included in this study. 
    
Train Performance Calculation (TPC) simulations were based on the current train schedule for 
the Lakeshore line, with an additional service growth allotment of ½ hour trains to be scheduled 
during off-peak hours. These simulations were performed to calculate travel times, electrical 
power demand, and diesel fuel consumption as key cost drivers of the economic study. In 
addition, the TPC outputs were extrapolated for future growth by considering GO Transit's 10 
year plan and then adding additional consists every 5 years to accommodate a 70% increase in 
consists over the next 20 years. 
 
Capital costs were quantified for construction or procurement of the following: 

• Overhead Catenary System (OCS) 

• Structure modifications required for OCS clearances 

• Procurement of electric locomotives 

• Electric locomotive maintenance facilities 

• Power Substations, and associated grid connection costs 

• Signal modifications for mitigation of AC interference. 
 
Operating and maintenance costs were quantified for the following: 

• Energy (diesel fuel and electric power) 

• Routine maintenance 

• Medium equipment overhauls 

• Major equipment overhaul/replacement. 

A planning horizon of 25 years was applied for this study (2008-2033), with an implementation 
schedule of 7 years, including all planning and approvals required before the work can begin. 
On this basis, revenue service of the electrified line could be targeted for the first quarter of 
2015. Capital and operating cost streams used in the economic analysis reflect this schedule. 
  
Conclusions 
The 2001 study update had concluded that diesel operation demonstrated a clear economic 
advantage over the introduction of electrification on the Lakeshore corridor with a net present 
value of -$348 million as compared to -$445 million for the electric option, with similar 
conclusions for all other sensitivity cases considered.  
 
The results of this study are less conclusive in demonstrating a clear advantage for continued 
diesel operation. For the base case scenario over the 2008-2033 study period, using current 
energy costs and considering an annual escalation of 3% and discount rate of 6%, the net 
present value is -$765 million for the electric option and -$578 million for the diesel option (all 
net present values are negative on account only cost streams have been considered).  
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A number of sensitivity analyses were performed for which the diesel mode continues to 
demonstrate an economic advantage, except the case where diesel costs are projected to 
increase by 50% over 2008 average prices; in that scenario the electric mode is superior for two 
of the electrification sensitivity cases considered. 
 
A goal seek analysis was also made to arrive at a hypothetical present day diesel fuel cost that 
would show an equivalent net present value for both modes of operation, assuming current 
present electrical power rates. The resulting breakeven diesel cost is $1.32/litre, which is 47% 
higher than the average 2008 cost used in the study (.90/litre), and 32% higher than the April 
15th 2008 actual cost (.998/litre). 
 
The case for electrification is compelling when only operating costs are considered. For all 
sensitivity analyses, the electric operation advantages range from a low of $150 million to a high 
of $453 million over the study period, depending on which sensitivity cases are being compared.  
 
Although the environmental implications of electrification are reviewed in this study, an 
economic analysis of the environmental benefits of electrification have not been quantified. 
  
Clearly, if outside economic justification can be brought to bear to offset the high capital cost of 
electrification (such as capacity improvements when done in concert with other plant 
improvements) then the economic benefits accrued to GO Transit will continue in perpetuity. 
However, if forced to stand on its own merits, the economic case for electrification is not 
supported by this study. 
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1. INTRODUCTION 

1.1 Context 

GO Transit is one of North America’s most successful regional public transportation providers, 
carrying over 50 million passengers a year in an 8,000-square-kilometre area, of which almost 
60% is carried over the Lakeshore corridor, extending from Oshawa in the East, to Hamilton in 
the West. 

 

Significant capacity improvements will be required over the next 25 years to accommodate an 
expected population growth of the area. The population of the GTA is projected to grow by over 
2.6 million to 7.4 million people by 2031. This means that a population equivalent to that of 
today’s core City of Toronto is expected to be added to the GTA between 2008 and 2031, with 
no planned corresponding expansion of the road network. 
 
GO Transit contends that the present rail service is now at its capacity limit and will require 
major infrastructure improvements to enable it to handle expected increases in ridership. 
Capacity can only be increased by adding additional rail lines, or by increasing throughput, i.e. 
decreasing headways, on existing lines.  
 
Decreasing headways requires a multi-prong assault on impediments to efficient traffic flow. 
Significant improvements in overall capacity cannot be achieved until all constraints are 
eliminated. These include: 

• Reduction of station dwell times 

• Deployment of higher capacity signal systems 

• Expanded passenger handling facilities (i.e. wider platforms) 

• Deployment of faster trains. 

Since electric locomotives accelerate and brake faster than diesel-electric locomotives, their use 
constitutes an equivalent to deployment of faster trains, even though the top speeds of both 
modes may be the same. 
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Recent public awareness of the impact of CO2 emissions on the environment has resulted in the 
political will to seek alternatives to fossil fuel based modes of transportation. These goals can be 
achieved, in part by reductions in road traffic through public transport and to a smaller degree by 
eliminating diesel trains for public transport. 

1.2 Objectives of This Study 

Electrification of GO Transit’s rail system has been studied a number of times in the past 25 
years, most recently for the Lakeshore Corridor in 2001. That study produced a report titled “GO 
Transit Electrification Study - Update” which concluded that the average life cycle cost of 
electrification would be slightly higher than the existing diesel-electric operation. Substantial 
market changes and Lakeshore corridor operational adjustments have taken place since the 
2001 study addendum, including: 

• surplus electric locomotives and other OCS materials proposed for use in the 2001 
addendum are no longer available    

• train set lengths have increased from ten to twelve car consists 

• substantial plant improvements in USRC (Union Station Rail Corridor) 

• more powerful MP-40 diesel locomotives have been introduced into the fleet 

• track expansion programs have increased the corridor distances from 161 to 225 track 
miles (258 to 360 km) 

• energy costs, particularly diesel fuel costs, have escalated appreciably.  

Given the Provincial Government’s intention to pursue all economic avenues for reducing the 
volumes of road traffic, and given the significant environmental benefits of an electrified railway, 
GO Transit wishes to review the previous electrification studies and update them to reflect 
recent market and operational changes before proceeding with an Ontario Ministry of 
Environment review.  
 
The primary purpose of this study was to determine if an electrified Lakeshore line would be 
cost-competitive with the present diesel train operation. This study therefore considered only 
those capital and operating costs that help differentiate between the two modes of operation. 
The cost estimates derived do not represent a definitive cost estimate for either option and only 
provide a basis for comparison between diesel-electric and electric operation of the line.  
 
Note that this study did not provide an economic assessment of proceeding with electrification 
to the extent of achieving absolute minimum headways which ultimately may prove necessary to 
meet projected growth. A more concerted effort would be necessary to study all facets that 
impede capacity, as listed in the previous section. Rather, this study assumed a baseline traffic 
volume, incorporating a measured volume of traffic growth, and compared the relative 
cost/benefits of both propulsion modes, given this adjusted traffic volume.      
 
1.3 Study Team 

This study was led by Hatch Mott Macdonald of Mississauga (HMM).  Team members were 
drawn from specific practice areas in Mississauga (Signals, OCS and Traction Power), 
Edmonton (Signals and Equipment), and Pleasanton, CA (OCS and Traction Power).  
  
The study team worked closely with GO Transit staff who provided direction and information 
regarding current and planned operations and cost data for the existing rail operation. 
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2. ASSUMPTIONS AND CRITERIA 

This section outlines the broad assumptions and criteria that were used to allow the study to 
effectively proceed without becoming submerged in details which have no measurable effect on 
the overall results. More detailed information on each of these assumptions and criteria are 
provided in the sections where they apply. 
 
2.1 Planning Horizon 

This study considered a 25-year horizon, between years 2008 and 2033, inclusive. 

2.2 Level of Service 

Train Performance Calculations (TPCs) for power demand and energy consumption were 
performed on the basis of the current GO Transit rail schedule, with the addition of train runs 
every ½ hour during off-peak hours in order to account for future growth. Diesel trains were 
simulated with the same expanded schedule to allow more direct economic comparisons to be 
made. 

In addition, the TPC outputs were extrapolated for future growth by considering GO Transit's 10 
year plan and then adding additional consists every 5 years to accommodate a 70% increase in 
consists over the next 20 years. It is envisaged that although the ridership growth may be close 
to an 80% increase over the next 20 years that this will not in itself have a direct relation to the 
number of additional consists required. It is assumed that 10% of the growth will be 
accommodated through increased frequency of trains, shorter headways, schedule changes 
such as new tiers of express service etc. Growth has therefore been extrapolated as follows:  

• 2013  +4 Additional consists 

• 2018  +3 Additional consists 

• 2023  +3 Additional consists 

• 2028  +2 Additional consists 

The 2028 total represents an increase of 12 consists from the current 17 (as determined in 
Section 5.2), equating to a 70% overall increase. The main objective is to capture the increased 
energy demand and arrive at a delta cost diesel fuel versus electric power. Note that the TPC 
calculations to confirm these extrapolated headways, or to confirm that sufficient OCS capacity 
exists to accommodate these additional 12 consists while maintaining full service redundancy, 
have not been performed. 

The economic comparisons between electric and diesel operation were based on a single 
locomotive hauling 12 bi-level cars. Longer trains are more feasible with electric locomotives 
due to the higher locomotive horsepower and unlimited hotel power for the coaches and their 
better acceleration performance.    

2.3 Implementation Schedule 

A seven year full implementation schedule has been assumed, including all planning and 
requisite approvals, permits, real estate acquisitions and ROW discussions with CN. A proposed 
schedule is illustrated in Figure 2.1 (more detailed GANTT charts are provided in Appendix G). 
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In order to meet this schedule, very long lead time equipment purchases, such as for 
locomotives and in-feed transformers, would need to be initiated immediately after the Design 
Detail Go/No Go decision is made, but prior to the Project Execution Go/No Go decision. This 
could entail commercial risk for GO Transit if subsequent detail design issues are found that 
require modification or retraction of the original purchase orders, particularly since the final 
results of Energy Board reviews may not be received until Project Execution Go/No Go. 

2.4 Capital and Operating Costs 

So as to arrive at delta cost comparisons, only costs which were considered to be specific to the 
electric and diesel-electric systems were included in the economic analysis. 

Capital, maintenance and operating costs for diesel operation were provided by GO Transit and 
developed by the Study Team.  

Capital, maintenance and operating costs for electric locomotives were provided by canvassing 
other operators of electrified systems (specifically NJ Transit and AMT). 

Costs for high voltage connection to the power grid and energy costs for electric operation were 
developed with assistance from Hydro One and IESO based on projected electrical 
requirements derived from the TPC simulations. All costs are in 2008 constant dollars, 
Canadian currency, unless otherwise indicated. 

2.5 Installation Labour Costs 

Quantifying installation labour costs for railway specific projects can sometimes be imprecise 
because of the uncertainty in projecting the availability of dedicated track time to perform the 
various installation activities. For purposes of this study, labour rates are estimated as a 
percentage of bare material costs, with the percentage based on the amount of dedicated track 
time required to perform the work. These percentages reflect typical values used when 
estimating railway installation costs for budgetary purposes. 

Table 2.1 – Installation Costs as % of Materials 

Category % Examples 

Little track time required to 
perform installations. 45% 

• OCS off-track assembly 

• Substation construction 

Some track time required for 
testing & commissioning. 75% 

• Signal installation 

• Crossing installation 

Substantial track time required 
to perform installations. 120% • OCS on-track assembly 

 
2.6 Economic Analysis 

The economic analysis in Section 12 was based on a comparison of expenditure streams for an 
electrified line and diesel-electric operation on the Lakeshore corridor.  Revenue streams for the 
two options were not considered.  A discount rate of 6% was assumed. 
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3. RAIL NETWORK 

GO Transit’s Lakeshore Corridor rail network is shown in Figure 3.1.  This update study was 
confined to operations on the Lakeshore Line, running between Hamilton in the west and 
Oshawa in the east, a total of about 114 km apart. The twenty-one (21) stations on this line are 
listed in Appendix A together with each station’s distance from Union Station. By the time of 
proposed electrification start-up, a significant amount of third track will have been added to this 
corridor since the 2001 study, increasing the total corridor distances from 161 to 225 track miles 
(258 to 360 km). 

Severe clearance restrictions exist in the 600 meter long Hunter Street tunnel in Hamilton which 
led to the decision in 2001 to limit the scope of that Addendum study to between Aldershot and 
Oshawa. The scope of this study is also limited to consideration of electrification only up to 
Aldershot, although Section 6.3 describes alternatives whereby it may become practical to 
extend the electrification up to and including Hamilton. 

The Lakeshore Corridor is comprised of track that is owned by several parties: 

• The GO Sub between Oshawa and Pickering is owned by GO Transit 

• The Kingston Sub between Pickering and Union Station is owned by CN 

• Track within the Union Station Rail Corridor is owned by GO Transit 

• The Oakville Sub between Union Station and Hamilton Junction is owned by CN 

• The Hamilton Sub between Hamilton Junction and Hamilton is owned by CP. 

The costs associated with electrification of the layover facilities at Henry, Bathurst and Don 
Yard, platform tracks at Pickering South and USRC, and the maintenance facilities at 
Willowbrook are also included in this study.    

 
Figure 3.1 – GO Transit Lakeshore Corridor 
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4. TRAIN OPERATIONS 

4.1 Lakeshore Schedule 

According to the latest GO Transit train schedule, there are a total of 74 equipment cycles on at 
least part of the Lakeshore corridor on any given week-day. A summary of these, catalogued by 
equipment cycles, is provided in Table 4.1. All Lakeshore corridor train moves total up to 3,861 
revenue versus 1,124 non-revenue train miles. Of these, 46 equipment cycles are not eligible 
for electrification for purposes of this study on account they originate from, or are destined to, 
other corridors which are not being considered for electrification at this time. This leaves 28 
eligible equipment cycles totalling up to 3,762 revenue versus 861 non-revenue train miles.  
 
The proposed schedule applies to those 28 train-sets which cycle exclusively on the Lakeshore 
corridor. To reflect an allowance for traffic growth, the current schedule is augmented with the 
addition of off-peak half hour runs as listed in Table 4.2 (proposed new train runs are 
designated as X00, X01, … X21). Trains which currently originate or terminate at Hamilton are 
shown originating or terminating at Aldershot, on account of the Hunter Street tunnel clearance 
restrictions between Aldershot and Hamilton. It is recognized that alternatives will need to be 
considered to maintain the existing level of service at Hamilton. These alternatives are 
discussed in more detail in Section 6.3. The proposed normal weekday schedule includes 4753 
revenue and 841 non-revenue train miles representing an increase of 21% total miles (proposed 
non-revenue miles are slightly lower than current totals due to the effect of considering 
operations up to Aldershot rather than Hamilton). 
 
The proposed weekday schedule is also listed by train direction and peak/non-peak service in 
Table 4.3. The proposed weekend/holiday schedule by train direction/departure time is listed in 
Table 4.4, which remains unchanged from the current schedule. 
 
4.2 Shared Track Usage (CN/CP/GO) 

Agreements to install and maintain an Overhead Catenaries System (OCS) must be negotiated 
and executed with CN and CP where there is shared track usage as listed in Section 3. CN and 
CP will position the Lakeshore corridor as critical rail infrastructure within their North American 
railway networks and can very easily defend this position. 

 
Electrification must have zero impact to CN/CP current and future freight operations (revenue), 
and intercity passenger operations (revenue). All costs capital and operating associated with 
Lakeshore Electrification (including any required property acquisition) will be borne by GO 
Transit.  

All liabilities and risks associated with Lakeshore Electrification will be borne by GO Transit. 
 



 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 
Table 4.1 - Current GO Transit Lakeshore Corridor Schedule (January 2008 – Weekdays) 

(Page 1 of 3) 
 

Direction Transit Distance Rev/
Station Time Station Time Time (Mi) Non-Rev

E902 WESTWARD WILLOWBROOK 4:35 BURLINGTON 5:00 0:25 23 NR
902 EASTWARD BURLINGTON 5:13 OSHAWA NORTH 7:08 1:55 64 18 R
433 WESTWARD OSHAWA NORTH 7:23 UNION STATION 8:07 0:44 33 5 R

E433 WESTWARD UNION STATION 8:10 8:25 WILLOWBROOK 0:15 9 NR
E470 WESTWARD WILLOWBROOK 4:50 ALDERSHOT 5:25 0:35 26 NR
470 EASTWARD ALDERSHOT 5:35 UNION STATION 6:35 1:00 35 10 R
424 EASTWARD UNION STATION 6:41 OSHAWA NORTH 7:36 0:55 33 10 R
435 WESTWARD OSHAWA NORTH 7:46 UNION STATION 8:30 0:44 33 5 R
907 WESTWARD UNION STATION 8:43 ALDERSHOT 9:44 1:01 35 11 R
912 EASTWARD ALDERSHOT 10:08 OSHAWA NORTH 12:08 2:00 67 20 R
917 WESTWARD OSHAWA NORTH 12:41 UNION STATION 13:37 0:56 33 10 R

E917 WESTWARD UNION STATION 13:40 13:55 WILLOWBROOK 0:15 9 NR
E490 WESTWARD WILLOWBROOK 5:05 HAMILTON 5:35 0:30 29 NR
490 EASTWARD HAMILTON 6:22 UNION STATION 7:22 1:00 37 7 R
428 EASTWARD UNION STATION 7:28 OSHAWA NORTH 8:26 0:58 33 10 R
909 WESTWARD OSHAWA NORTH 8:41 ALDERSHOT 10:44 2:03 67 20 R
914 EASTWARD ALDERSHOT 11:08 OSHAWA NORTH 13:08 2:00 67 20 R
919 WESTWARD OSHAWA NORTH 13:41 UNION STATION 14:37 0:56 33 10 R

E919 WESTWARD UNION STATION 14:40 14:55 WILLOWBROOK 0:15 9 NR
E494 WESTWARD WILLOWBROOK 5:05 HAMILTON 5:35 0:30 29 NR
494 EASTWARD HAMILTON 7:04 UNION STATION 8:08 1:04 37 7 R

E494 EASTWARD UNION STATION 8:13 8:28 DON YARD 0:15 1 NR
421 WESTWARD OSHAWA OSHAWA NORTH 5:07 UNION STATION 6:07 1:00 33 10 R
473 WESTWARD UNION STATION 6:13 BURLINGTON 7:05 0:52 32 9 R
472 EASTWARD BURLINGTON 7:15 UNION STATION 8:02 0:47 32 6 R

E472 WESTWARD UNION STATION 8:06 8:25 WILLOWBROOK 0:19 9 NR
E904 WESTWARD WILLOWBROOK 5:15 ALDERSHOT 5:57 0:42 26 NR
904 EASTWARD ALDERSHOT 6:07 UNION STATION 7:07 1:00 35 11 R

E405 EASTWARD UNION STATION 7:10 PICKERING S 7:35 0:25 21 NR
405 WESTWARD PICKERING S 7:45 UNION STATION 8:30 0:45 21 7 R

E405 WESTWARD UNION STATION 8:43 8:45 BATHURST 0:02 1 NR
E492 WESTWARD WILLOWBROOK 5:15 HAMILTON 6:00 0:45 29 NR
492 EASTWARD HAMILTON 6:42 UNION STATION 7:38 0:56 37 6 R
406 EASTWARD UNION STATION 7:43 PICKERING S 8:08 0:25 21 2 R
407 WESTWARD PICKERING S 8:18 UNION STATION 8:59 0:41 21 7 R
908 EASTWARD UNION STATION 9:13 OSHAWA NORTH 10:08 0:55 33 10 R
913 WESTWARD OSHAWA NORTH 10:41 ALDERSHOT 12:44 2:03 67 20 R
918 EASTWARD ALDERSHOT 13:08 OSHAWA NORTH 15:08 2:00 67 20 R
923 WESTWARD OSHAWA NORTH 15:41 UNION STATION 16:37 0:56 33 10 R
481 WESTWARD UNION STATION 16:47 BURLINGTON 17:35 0:48 32 6 R
484 EASTWARD BURLINGTON 17:50 UNION STATION 18:37 0:47 32 7 R
440 EASTWARD UNION STATION 18:43 OSHAWA NORTH 19:32 0:49 33 6 R

E440 WESTWARD OSHAWA NORTH 19:35 20:35 WILLOWBROOK 1:00 39 NR
E832 EASTWARD WILLOWBROOK 5:20 5:45 BALA 0:25 6 NR No
E836 EASTWARD WILLOWBROOK 5:35 5:40 BALA 0:05 6 NR No
E429 EASTWARD WILLOWBROOK 5:40 OSHAWA NORTH 6:42 1:02 39 NR
429 WESTWARD OSHAWA NORTH 6:52 UNION STATION 7:36 0:44 33 5 R
477 WESTWARD UNION STATION 7:55 BURLINGTON 8:50 0:55 32 10 R
910 EASTWARD BURLINGTON 9:14 OSHAWA NORTH 11:08 1:54 64 19 R
915 WESTWARD OSHAWA NORTH 11:41 ALDERSHOT 13:44 2:03 67 20 R
920 EASTWARD ALDERSHOT 14:08 OSHAWA NORTH 16:08 2:00 67 20 R
437 WESTWARD OSHAWA NORTH 16:24 UNION STATION 17:20 0:56 33 10 R
495 WESTWARD UNION STATION 17:34 ALDERSHOT 18:28 0:54 35 7 R

E495 EASTWARD HAMILTON 18:56 19:27 WILLOWBROOK 0:31 29 NR
423 WESTWARD OSHAWA OSHAWA NORTH 5:47 UNION STATION 6:47 1:00 33 10 R
475 WESTWARD UNION STATION 6:53 BURLINGTON 7:45 0:52 32 9 R
474 EASTWARD BURLINGTON 8:00 UNION STATION 8:51 0:51 32 7 R

E474 WESTWARD UNION STATION 9:10 9:25 WILLOWBROOK 0:15 9 NR
E431 EASTWARD WILLOWBROOK 5:50 OSHAWA NORTH 6:50 1:00 39 NR
431 WESTWARD OSHAWA NORTH 7:11 UNION STATION 7:55 0:44 33 5 R

E431 WESTWARD UNION STATION 7:58 8:03 BATHURST 0:05 1 NR
E425 EASTWARD HENRY 5:57 OSHAWA NORTH 6:07 0:10 9 NR
425 WESTWARD OSHAWA NORTH 6:12 UNION STATION 7:12 1:00 33 10 R

E456 WESTWARD UNION STATION 7:15 OAKVILLE 7:45 0:30 21 NR
456 EASTWARD OAKVILLE 7:58 UNION STATION 8:21 0:23 21 2 R

E456 WESTWARD UNION STATION 8:22 8:45 WILLOWBROOK 0:23 9 NR
E427 EASTWARD HENRY 6:07 OSHAWA NORTH 6:17 0:10 9 NR
427 WESTWARD OSHAWA NORTH 6:27 UNION STATION 7:27 1:00 33 10 R

E454 WESTWARD UNION STATION 7:30 PORT CREDIT 7:45 0:15 13 NR
454 EASTWARD CLARKSON 7:58 UNION STATION 8:17 0:19 17 3 R

E454 EASTWARD UNION STATION 8:19 8:34 DON YARD 0:15 1 NR

Departing Arriving # 
Stops

Train
No Originate Terminate

Yes

Yes

Yes

Electrification

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 
Table 4.1 - Current GO Transit Lakeshore Corridor Schedule (January 2008 – Weekdays) 

(Page 2 of 3) 
 

Direction Transit Distance Rev/
Station Time Station Time Time (Mi) Non-Rev

E403 EASTWARD WILLOWBROOK 6:20 PICKERING S 7:15 0:55 28 NR
403 WESTWARD PICKERING S 7:22 UNION STATION 8:03 0:41 21 7 R

E403 WESTWARD UNION STATION 8:06 8:11 BATHURST 0:05 1 NR
E452 WESTWARD WILLOWBROOK 6:20 OAKVILLE 6:45 0:25 13 NR
452 EASTWARD OAKVILLE 7:05 UNION STATION 7:51 0:46 21 6 R

E476 WESTWARD UNION STATION 7:42 BURLINGTON 8:31 0:49 32 NR
476 EASTWARD BURLINGTON 8:44 UNION STATION 9:27 0:43 32 7 R

E476 EASTWARD UNION STATION 9:30 9:35 DON YARD 0:05 1 NR
861 WESTWARD UXBRIDGE 6:20 6:23 WESTON 0:03 1 1 R No

E906 WESTWARD WILLOWBROOK 6:50 OAKVILLE 7:15 0:25 13 NR
906 EASTWARD OAKVILLE 7:25 OSHAWA NORTH 9:08 1:43 54 16 R
911 WESTWARD OSHAWA NORTH 9:41 ALDERSHOT 11:44 2:03 67 20 R
916 EASTWARD ALDERSHOT 12:08 OSHAWA NORTH 14:08 2:00 67 20 R
921 WESTWARD OSHAWA NORTH 14:31 BURLINGTON 16:28 1:57 64 19 R
482 EASTWARD BURLINGTON 16:45 UNION STATION 17:37 0:52 32 10 R
438 EASTWARD UNION STATION 17:53 OSHAWA NORTH 18:38 0:45 33 5 R

E438 WESTWARD OSHAWA NORTH 18:45 18:55 HENRY 0:10 9 NR
863 WESTWARD UXBRIDGE 6:55 UNION STATION 7:05 0:10 8 1 R

E863 WESTWARD UNION STATION 7:08 7:25 WILLOWBROOK 0:17 9 NR
E908 WESTWARD UNION STATION 7:08 BURLINGTON 8:05 0:57 32 NR
908 EASTWARD BURLINGTON 8:14 UNION STATION 9:07 0:53 32 10 R

E800 WESTWARD NEWMARKET 7:15 7:35 WILLOWBROOK 0:20 2 NR No
E433 EASTWARD WILLOWBROOK 7:27 OSHAWA NORTH 8:12 0:45 33 NR
443 WESTWARD OSHAWA NORTH 8:25 UNION STATION 9:10 0:45 33 6 R

E443 WESTWARD UNION STATION 9:13 9:28 WILLOWBROOK 0:15 9 NR
E208 WESTWARD WESTON 7:27 8:30 BATHURST 1:03 1 NR No
204 WESTWARD WESTON 7:35 UNION STATION 7:37 0:02 1 1 R

E458 WESTWARD UNION STATION 7:37 CLARKSON 7:57 0:20 17 NR
458 EASTWARD PORT CREDIT 8:07 UNION STATION 8:29 0:22 13 5 R

E458 EASTWARD UNION STATION 8:32 8:42 DON YARD 0:10 1 NR
E832 WESTWARD BALA 7:38 7:45 BATHURST 0:07 1 NR No
E152 WESTWARD GALT 7:42 8:00 WILLOWBROOK 0:18 2 NR No
E865 WESTWARD UXBRIDGE 7:43 8:40 WILLOWBROOK 0:57 2 NR No
E802 WESTWARD NEWMARKET 7:45 8:05 WILLOWBROOK 0:20 2 NR No
E206 WESTWARD WESTON 7:48 8:25 WILLOWBROOK 0:37 2 NR No
E154 EASTWARD GALT 8:02 8:20 DON YARD 0:18 1 NR No
E834 WESTWARD BALA 8:08 8:26 BATHURST 0:18 1 NR No
E804 EASTWARD NEWMARKET 8:15 8:52 DON YARD 0:37 1 NR No
867 WESTWARD UXBRIDGE 8:16 8:19 WESTON 0:03 1 1 R No

E156 EASTWARD GALT 8:20 8:37 DON YARD 0:17 1 NR No
808 WESTWARD NEWMARKET 8:20 UNION STATION 8:45 0:25 1 1 R

E808 WESTWARD UNION STATION 8:48 9:00 WILLOWBROOK 0:12 9 NR
E158 EASTWARD GALT 8:35 8:52 DON YARD 0:17 1 NR No
E836 WESTWARD BALA 8:38 8:50 BATHURST 0:12 1 NR No
E210 EASTWARD WESTON 8:41 8:56 DON YARD 0:15 1 NR No
E252 WESTWARD WESTON 9:38 10:00 WILLOWBROOK 0:22 2 NR No
E917 EASTWARD BATHURST 13:20 UNION STATION 13:25 0:05 1 NR
917 WESTWARD UNION STATION 13:43 ALDERSHOT 14:44 1:01 35 11 R
922 EASTWARD ALDERSHOT 15:08 UNION STATION 16:07 0:59 35 11 R
432 EASTWARD UNION STATION 16:25 OSHAWA NORTH 17:10 0:45 33 6 R
441 WESTWARD OSHAWA NORTH 17:21 UNION STATION 18:17 0:56 33 10 R
497 WESTWARD UNION STATION 18:17 HAMILTON 19:36 1:19 37 7 R

E497 EASTWARD HAMILTON 19:58 20:30 WILLOWBROOK 0:32 29 NR
E919 WESTWARD DON YARD 14:05 UNION STATION 14:25 0:20 1 NR
919 WESTWARD UNION STATION 14:43 ALDERSHOT 15:44 1:01 35 11 R
924 EASTWARD ALDERSHOT 15:54 OSHAWA NORTH 18:07 2:13 67 17 R
929 WESTWARD OSHAWA NORTH 18:41 ALDERSHOT 20:44 2:03 67 20 R
934 EASTWARD ALDERSHOT 21:08 OSHAWA NORTH 23:08 2:00 67 20 R
939 WESTWARD OSHAWA NORTH 23:41 ALDERSHOT 1:44 2:03 67 10 R

E939 EASTWARD ALDERSHOT 1:54 2:20 WILLOWBROOK 0:26 26 NR
E410 EASTWARD BATHURST 15:10 UNION STATION 15:40 0:30 1 NR
410 EASTWARD UNION STATION 15:45 PICKERING S 16:25 0:40 21 7 R
411 WESTWARD PICKERING S 16:30 UNION STATION 17:05 0:35 21 2 R
483 WESTWARD UNION STATION 17:19 BURLINGTON 18:04 0:45 32 5 R
928 EASTWARD BURLINGTON 18:14 OSHAWA NORTH 20:08 1:54 64 19 R
933 WESTWARD OSHAWA NORTH 20:41 ALDERSHOT 22:44 2:03 67 10 R
938 EASTWARD ALDERSHOT 23:08 OSHAWA NORTH 1:08 OSHAWA 2:00 67 20 R

E801 EASTWARD WILLOWBROOK 15:15 16:10 NEWMARKET 0:55 6 NR No
E479 EASTWARD WILLOWBROOK 15:20 UNION STATION 15:54 0:34 7 NR
479 WESTWARD UNION STATION 16:10 BURLINGTON 16:56 0:46 32 6 R

E159 EASTWARD BURLINGTON 17:00 17:35 GALT 0:35 31 NR

Departing Arriving # 
Stops

Train
No Originate Terminate Electrification

Yes

Yes

Yes

No

Yes

Yes

No

No

Yes

Yes

Yes

No
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 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 
Table 4.1 - Current GO Transit Lakeshore Corridor Schedule (January 2008 – Weekdays) 

(Page 3 of 3) 
 

Direction Transit Distance Rev/
Station Time Station Time Time (Mi) Non-Rev

E151 EASTWARD WILLOWBROOK 15:25 16:05 GALT 0:40 6 NR No
E205 EASTWARD WILLOWBROOK 15:34 16:02 WESTON 0:28 6 NR No
E463 EASTWARD BATHURST 15:40 UNION STATION 15:55 0:15 1 NR
463 WESTWARD UNION STATION 16:13 OAKVILLE 16:52 0:39 21 6 R

E414 EASTWARD OAKVILLE 16:54 UNION STATION 17:16 0:22 21 NR
414 EASTWARD UNION STATION 17:33 PICKERING S 18:14 0:41 21 7 R
415 WESTWARD PICKERING S 18:25 UNION STATION 19:02 0:37 21 7 R

E415 WESTWARD UNION STATION 19:05 19:15 WILLOWBROOK 0:10 9 NR
E430 EASTWARD BATHURST 15:40 UNION STATION 15:50 0:10 1 NR
430 EASTWARD UNION STATION 16:10 OSHAWA NORTH 16:59 0:49 33 6 R
439 WESTWARD OSHAWA NORTH 17:09 UNION STATION 17:57 0:48 33 6 R
485 WESTWARD UNION STATION 18:03 BURLINGTON 19:02 0:59 32 10 R
930 EASTWARD BURLINGTON 19:14 OSHAWA NORTH 21:08 1:54 64 19 R
935 WESTWARD OSHAWA NORTH 21:45 ALDERSHOT 23:45 2:00 67 10 R

E935 EASTWARD ALDERSHOT 0:20 0:54 WILLOWBROOK 0:34 26 NR
E862 EASTWARD WILLOWBROOK 15:40 16:18 UXBRIDGE 0:38 15 NR No
E803 WESTWARD DON YARD 15:55 16:25 NEWMARKET 0:30 1 NR No
E436 EASTWARD WILLOWBROOK 16:05 UNION STATION 16:35 0:30 7 NR
436 EASTWARD UNION STATION 16:53 OSHAWA NORTH 17:38 0:45 33 5 R

E436 WESTWARD OSHAWA NORTH 17:45 17:55 HENRY 0:10 9 NR
E491 WESTWARD DON YARD 16:05 UNION STATION 16:15 0:10 1 NR
491 WESTWARD UNION STATION 16:30 HAMILTON 17:30 1:00 37 7 R

E491 EASTWARD HAMILTON 17:59 18:25 WILLOWBROOK 0:26 29 NR
E923 EASTWARD WILLOWBROOK 16:10 UNION STATION 16:43 0:33 9 NR
923 WESTWARD UNION STATION 16:43 OAKVILLE 17:24 0:41 21 7 R
926 EASTWARD OAKVILLE 17:30 OSHAWA NORTH 19:14 1:44 54 16 R
931 WESTWARD OSHAWA NORTH 19:41 ALDERSHOT 21:44 2:03 67 20 R
936 EASTWARD ALDERSHOT 22:08 OSHAWA NORTH 0:08 OSHAWA 2:00 67 20 R

E434 EASTWARD BATHURST 16:15 UNION STATION 16:20 0:05 1 NR
434 EASTWARD UNION STATION 16:30 OSHAWA NORTH 17:31 1:01 33 10 R
927 WESTWARD OSHAWA NORTH 17:41 ALDERSHOT 19:44 2:03 67 20 R
932 EASTWARD ALDERSHOT 20:08 OSHAWA NORTH 22:08 2:00 67 20 R
937 WESTWARD OSHAWA NORTH 22:41 ALDERSHOT 0:44 2:03 67 10 R

E937 EASTWARD ALDERSHOT 0:54 1:20 WILLOWBROOK 0:26 26 NR
E412 EASTWARD WILLOWBROOK 16:17 UNION STATION 16:42 0:25 7 NR
412 EASTWARD UNION STATION 16:42 PICKERING S 17:38 0:56 21 5 R

E161 WESTWARD PICKERING S 18:00 19:00 GALT 1:00 21 NR
E207 WESTWARD DON YARD 16:20 16:30 WESTON 0:10 1 NR No
E153 WESTWARD DON YARD 16:20 16:35 GALT 0:15 1 NR No
E805 EASTWARD WILLOWBROOK 16:22 16:35 NEWMARKET 0:13 6 NR No
E493 WESTWARD DON YARD 16:35 UNION STATION 16:50 0:15 1 NR
493 WESTWARD UNION STATION 17:02 HAMILTON 18:02 1:00 37 7 R

E493 EASTWARD HAMILTON 18:24 18:55 WILLOWBROOK 0:31 29 NR
E155 WESTWARD DON YARD 16:40 17:00 GALT 0:20 1 NR No
E465 WESTWARD DON YARD 16:40 UNION STATION 16:55 0:15 1 NR
465 WESTWARD UNION STATION 17:13 OAKVILLE 17:52 0:39 21 7 R

E269 EASTWARD OAKVILLE 18:05 18:45 WESTON 0:40 21 NR
E209 EASTWARD WILLOWBROOK 16:45 17:05 WESTON 0:20 6 NR No
E866 EASTWARD WILLOWBROOK 16:45 17:05 UXBRIDGE 0:20 15 NR No
E833 EASTWARD WILLOWBROOK 16:47 17:00 BALA 0:13 6 NR No
E155 EASTWARD DON YARD 16:55 17:10 GALT 0:15 1 NR No
E157 WESTWARD DON YARD 17:00 17:15 GALT 0:15 1 NR No
E925 WESTWARD DON YARD 17:05 UNION STATION 17:30 0:25 1 NR
925 WESTWARD UNION STATION 17:43 BURLINGTON 18:42 0:59 32 10 R

E925 EASTWARD BURLINGTON 18:45 19:15 WILLOWBROOK 0:30 23 NR
E211 EASTWARD WILLOWBROOK 17:10 17:32 WESTON 0:22 6 NR No
E809 EASTWARD WILLOWBROOK 17:10 17:30 NEWMARKET 0:20 6 NR No
E835 EASTWARD BATHURST 17:15 17:18 BALA 0:03 1 NR No
E868 EASTWARD BATHURST 17:40 17:45 UXBRIDGE 0:05 8 NR No
E269 WESTWARD WESTON 19:14 20:10 WILLOWBROOK 0:56 2 NR No
E837 WESTWARD BALA 19:58 20:10 WILLOWBROOK 0:12 2 NR No
E839 WESTWARD BALA 20:30 UNION STATION 20:58 0:28 1 NR
E939 WESTWARD UNION STATION 20:58 21:35 WILLOWBROOK 0:37 9 NR

Average Speed = 32           mph
Average Speed = 51           kph

Revenue Distance = 3,861 Miles
Non-Revenue Distance = 1,124 Miles

Revenue Distance = 3,762 Miles
Non-Revenue Distance = 861 Miles

Total Corridor Distances

Total Corridor Distances
Eligible for Electrification

Departing Arriving # 
Stops

Train
No Originate Terminate Electrification

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

No

Yes

No

 

PR243550.004  Page 4-4 

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  



 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 
Table 4.2 - Proposed GO Transit Lakeshore Corridor Schedule (2015 – Weekdays) 

 (Page 1 of 3) 
 

Transit Rev/
Station Time Station Time Time Non-Rev Rev Non-Rev

E902 WESTWARD WILLOWBROOK 4:35 BURLINGTON 5:00 0:25 NR 23
902 EASTWARD BURLINGTON 5:13 OSHAWA NORTH 7:08 1:55 18 R 64
433 WESTWARD OSHAWA NORTH 7:23 UNION STATION 8:07 0:44 5 R 33

E433 WESTWARD UNION STATION 8:10 8:25 WILLOWBROOK 0:15 NR
X09 WESTWARD UNION STATION 9:12 ALDERSHOT 10:14 1:02 11 R 35
X10 EASTWARD ALDERSHOT 10:38 OSHAWA NORTH 12:38 2:00 20 R 67
X11 WESTWARD OSHAWA NORTH 13:11 ALDERSHOT 15:26 2:15 20 R 67

EX11 EASTWARD ALDERSHOT 15:36 15:56 WILLOWBROOK 0:20 NR

ALDERSHOT*
ALDERSHOT*

ALDERSHOT*
ALDERSHOT*

26
E470 WESTWARD WILLOWBROOK 4:50 ALDERSHOT 5:25 0:35 NR 26
470 EASTWARD ALDERSHOT 5:35 UNION STATION 6:35 1:00 10 R 35
424 EASTWARD UNION STATION 6:41 OSHAWA NORTH 7:36 0:55 10 R 33
435 WESTWARD OSHAWA NORTH 7:46 UNION STATION 8:30 0:44 5 R 33
907 WESTWARD UNION STATION 8:43 ALDERSHOT 9:44 1:01 11 R 35
912 EASTWARD ALDERSHOT 10:08 OSHAWA NORTH 12:08 2:00 20 R 67
917 WESTWARD OSHAWA NORTH 12:41 UNION STATION 13:37 0:56 10 R 33

E917 WESTWARD UNION STATION 13:40 13:55 WILLOWBROOK 0:15 NR 9
E490 WESTWARD WILLOWBROOK 5:05 5:35 0:30 NR 26
490 EASTWARD 6:22 UNION STATION 7:22 1:00 7 R 35
428 EASTWARD UNION STATION 7:28 OSHAWA NORTH 8:26 0:58 10 R 33
909 WESTWARD OSHAWA NORTH 8:41 ALDERSHOT 10:44 2:03 20 R 67
914 EASTWARD ALDERSHOT 11:08 OSHAWA NORTH 13:08 2:00 20 R 67
919 WESTWARD OSHAWA NORTH 13:41 UNION STATION 14:37 0:56 10 R 33

E919 WESTWARD UNION STATION 14:40 14:55 WILLOWBROOK 0:15 NR 9
E494 WESTWARD WILLOWBROOK 5:05 5:35 0:30 NR 26
494 EASTWARD 7:04 UNION STATION 8:08 1:04 7 R 35

E494 EASTWARD UNION STATION 8:13 8:28 DON YARD 0:15 NR 1
421 WESTWARD OSHAWA OSHAWA NORTH 5:07 UNION STATION 6:07 1:00 10 R 33
473 WESTWARD UNION STATION 6:13 BURLINGTON 7:05 0:52 9 R 32
472 EASTWARD BURLINGTON 7:15 UNION STATION 8:02 0:47 6 R 32

E472 WESTWARD UNION STATION 8:06 8:25 WILLOWBROOK 0:19 NR 9
E904 WESTWARD WILLOWBROOK 5:15 ALDERSHOT 5:57 0:42 NR 26
904 EASTWARD ALDERSHOT 6:07 UNION STATION 7:07 1:00 11 R 35

E405 EASTWARD UNION STATION 7:10 PICKERING S 7:35 0:25 NR 21
405 WESTWARD PICKERING S 7:45 UNION STATION 8:30 0:45 7 R 21

E405 WESTWARD UNION STATION 8:43 8:45 BATHURST 0:02 NR
X18 EASTWARD UNION STATION 8:43 OSHAWA NORTH 9:39 0:56 10 R 33
X19 WESTWARD OSHAWA NORTH 10:11 ALDERSHOT 12:28 2:17 20 R 67
X20 EASTWARD ALDERSHOT 12:38 OSHAWA NORTH 14:38 2:00 20 R 67
X21 WESTWARD OSHAWA NORTH 15:11 UNION STATION 16:07 0:56 10 R 33

EX21 WESTWARD UNION STATION 16:10 16:12 BATHURST 0:02 NR
ALDERSHOT*

ALDERSHOT*

ALDERSHOT*
ALDERSHOT*

1
E492 WESTWARD WILLOWBROOK 5:15 6:00 0:45 NR 26
492 EASTWARD 6:42 UNION STATION 7:38 0:56 6 R 35
406 EASTWARD UNION STATION 7:43 PICKERING S 8:08 0:25 2 R 21
407 WESTWARD PICKERING S 8:18 UNION STATION 8:59 0:41 7 R 21
908 EASTWARD UNION STATION 9:13 OSHAWA NORTH 10:08 0:55 10 R 33
913 WESTWARD OSHAWA NORTH 10:41 ALDERSHOT 12:44 2:03 20 R 67
918 EASTWARD ALDERSHOT 13:08 OSHAWA NORTH 15:08 2:00 20 R 67
923 WESTWARD OSHAWA NORTH 15:41 UNION STATION 16:37 0:56 10 R 33
481 WESTWARD UNION STATION 16:47 BURLINGTON 17:35 0:48 6 R 32
484 EASTWARD BURLINGTON 17:50 UNION STATION 18:37 0:47 7 R 32
440 EASTWARD UNION STATION 18:43 OSHAWA NORTH 19:32 0:49 6 R 33

E440 WESTWARD OSHAWA NORTH 19:35 20:35 WILLOWBROOK 1:00 NR 39
E429 EASTWARD WILLOWBROOK 5:40 OSHAWA NORTH 6:42 1:02 NR 39
429 WESTWARD OSHAWA NORTH 6:52 UNION STATION 7:36 0:44 5 R 33
477 WESTWARD UNION STATION 7:55 BURLINGTON 8:50 0:55 10 R 32
910 EASTWARD BURLINGTON 9:14 OSHAWA NORTH 11:08 1:54 19 R 64
915 WESTWARD OSHAWA NORTH 11:41 ALDERSHOT 13:44 2:03 20 R 67
920 EASTWARD ALDERSHOT 14:08 OSHAWA NORTH 16:08 2:00 20 R 67
437 WESTWARD OSHAWA NORTH 16:24 UNION STATION 17:20 0:56 10 R 33
495 WESTWARD UNION STATION 17:34 18:25 0:51 7 R 35

E495 EASTWARD 18:56 19:27 WILLOWBROOK 0:31 NR 26
423 WESTWARD OSHAWA OSHAWA NORTH 5:47 UNION STATION 6:47 1:00 10 R 33
475 WESTWARD UNION STATION 6:53 BURLINGTON 7:45 0:52 9 R 32
474 EASTWARD BURLINGTON 8:00 UNION STATION 8:51 0:51 7 R 32

E474 WESTWARD UNION STATION 9:10 9:25 WILLOWBROOK 0:15 NR 9
E431 EASTWARD WILLOWBROOK 5:50 OSHAWA NORTH 6:50 1:00 NR 39
431 WESTWARD OSHAWA NORTH 7:11 UNION STATION 7:55 0:44 5 R 33

E431 WESTWARD UNION STATION 7:58 8:03 BATHURST 0:05 NR 1

Departing Arriving # 
Stops

Train
No Originate TerminateDirection Distance (Miles)
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 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 
Table 4.2 - Proposed GO Transit Lakeshore Corridor Schedule (2015 – Weekdays) 

 (Page 2 of 3) 
 

Transit Rev/
Station Time Station Time Time Non-Rev Rev Non-Rev

E425 EASTWARD HENRY 5:57 OSHAWA NORTH 6:07 0:10 NR 9
425 WESTWARD OSHAWA NORTH 6:12 UNION STATION 7:12 1:00 10 R 33

E456 WESTWARD UNION STATION 7:15 OAKVILLE 7:45 0:30 NR 21
456 EASTWARD OAKVILLE 7:58 UNION STATION 8:21 0:23 2 R 21

E456 WESTWARD UNION STATION 8:22 8:45 WILLOWBROOK 0:23 NR
X13 WESTWARD UNION STATION 8:25 ALDERSHOT 9:27 1:02 11 R 35
X14 EASTWARD ALDERSHOT 9:38 OSHAWA NORTH 11:38 2:00 20 R 67
X15 WESTWARD OSHAWA NORTH 12:11 ALDERSHOT 14:28 2:17 20 R 67
X16 EASTWARD ALDERSHOT 14:38 OSHAWA NORTH 16:38 2:00 20 R 67
X17 WESTWARD OSHAWA NORTH 17:11 UNION STATION 18:07 0:56 10 R 33

EX17 WESTWARD UNION STATION 18:10 18:25 WILLOWBROOK 0:15 NR 9
E427 EASTWARD HENRY 6:07 OSHAWA NORTH 6:17 0:10 NR 9
427 WESTWARD OSHAWA NORTH 6:27 UNION STATION 7:27 1:00 10 R 33

E454 WESTWARD UNION STATION 7:30 PORT CREDIT 7:45 0:15 NR 13
454 EASTWARD CLARKSON 7:58 UNION STATION 8:17 0:19 3 R 17

E454 EASTWARD UNION STATION 8:19 8:34 DON YARD 0:15 NR 1
E403 EASTWARD WILLOWBROOK 6:20 PICKERING S 7:15 0:55 NR 28
403 WESTWARD PICKERING S 7:22 UNION STATION 8:03 0:41 7 R 21

E403 WESTWARD UNION STATION 8:06 8:11 BATHURST 0:05 NR 1
E452 WESTWARD WILLOWBROOK 6:20 OAKVILLE 6:45 0:25 NR 13
452 EASTWARD OAKVILLE 7:05 UNION STATION 7:51 0:46 6 R 21

E476 WESTWARD UNION STATION 7:42 BURLINGTON 8:31 0:49 NR 32
476 EASTWARD BURLINGTON 8:44 UNION STATION 9:27 0:43 7 R 32

E476 EASTWARD UNION STATION 9:30 9:35 DON YARD 0:05 NR
X00 EASTWARD UNION STATION 9:43 OSHAWA NORTH 10:38 1:00 5 R
X01 WESTWARD OSHAWA NORTH 11:11 ALDERSHOT 13:14 2:03 20 R
X02 EASTWARD ALDERSHOT 13:38 OSHAWA NORTH 15:38 2:00 20 R
X03 WESTWARD OSHAWA NORTH 16:11 BURLINGTON 18:06 1:55 19 R

EX03 EASTWARD BURLINGTON 18:20 18:50 WILLOWBROOK 0:30 NR

33
67
67
64

23
E906 WESTWARD WILLOWBROOK 6:50 OAKVILLE 7:15 0:25 NR 13
906 EASTWARD OAKVILLE 7:25 OSHAWA NORTH 9:08 1:43 16 R 54
911 WESTWARD OSHAWA NORTH 9:41 ALDERSHOT 11:44 2:03 20 R 67
916 EASTWARD ALDERSHOT 12:08 OSHAWA NORTH 14:08 2:00 20 R 67
921 WESTWARD OSHAWA NORTH 14:31 BURLINGTON 16:28 1:57 19 R 64
482 EASTWARD BURLINGTON 16:45 UNION STATION 17:37 0:52 10 R 32
438 EASTWARD UNION STATION 17:53 OSHAWA NORTH 18:38 0:45 5 R 33

E438 WESTWARD OSHAWA NORTH 18:45 18:55 HENRY 0:10 NR 9
E908 WESTWARD UNION STATION 7:08 BURLINGTON 8:05 0:57 NR 32
908 EASTWARD BURLINGTON 8:14 UNION STATION 9:07 0:53 10 R 32

E433 EASTWARD WILLOWBROOK 7:27 OSHAWA NORTH 8:12 0:45 NR 33
443 WESTWARD OSHAWA NORTH 8:25 UNION STATION 9:10 0:45 6 R 33

E443 WESTWARD UNION STATION 9:13 9:28 WILLOWBROOK 0:15 NR
X05 WESTWARD UNION STATION 10:13 ALDERSHOT 11:14 1:01 11 R
X06 EASTWARD ALDERSHOT 11:38 OSHAWA NORTH 13:38 2:00 20 R
X07 WESTWARD OSHAWA NORTH 14:11 UNION STATION 15:10 0:59 10 R

EX07 WESTWARD UNION STATION 15:20 15:35 DON YARD 0:15 NR

ALDERSHOT*
ALDERSHOT*

35
67
33

1
E917 EASTWARD BATHURST 13:20 UNION STATION 13:25 0:05 NR 1
917 WESTWARD UNION STATION 13:43 ALDERSHOT 14:44 1:01 11 R 35
922 EASTWARD ALDERSHOT 15:08 UNION STATION 16:07 0:59 11 R 35
432 EASTWARD UNION STATION 16:25 OSHAWA NORTH 17:10 0:45 6 R 33
441 WESTWARD OSHAWA NORTH 17:21 UNION STATION 18:17 0:56 10 R 33
497 WESTWARD UNION STATION 18:17 19:36 1:19 7 R 35

E497 EASTWARD 19:58 20:30 WILLOWBROOK 0:32 NR 26
E919 WESTWARD DON YARD 14:05 UNION STATION 14:25 0:20 NR 1
919 WESTWARD UNION STATION 14:43 ALDERSHOT 15:44 1:01 11 R 35
924 EASTWARD ALDERSHOT 15:54 OSHAWA NORTH 18:07 2:13 17 R 67
929 WESTWARD OSHAWA NORTH 18:41 ALDERSHOT 20:44 2:03 20 R 67
934 EASTWARD ALDERSHOT 21:08 OSHAWA NORTH 23:08 2:00 20 R 67
939 WESTWARD OSHAWA NORTH 23:41 ALDERSHOT 1:44 2:03 10 R 67

E939 EASTWARD ALDERSHOT 1:54 2:20 WILLOWBROOK 0:26 NR 26
E410 EASTWARD BATHURST 15:10 UNION STATION 15:40 0:30 NR 1
410 EASTWARD UNION STATION 15:45 PICKERING S 16:25 0:40 7 R 21
411 WESTWARD PICKERING S 16:30 UNION STATION 17:05 0:35 2 R 21
483 WESTWARD UNION STATION 17:19 BURLINGTON 18:04 0:45 5 R 32
928 EASTWARD BURLINGTON 18:14 OSHAWA NORTH 20:08 1:54 19 R 64
933 WESTWARD OSHAWA NORTH 20:41 ALDERSHOT 22:44 2:03 10 R 67
938 EASTWARD ALDERSHOT 23:08 OSHAWA NORTH 1:08 OSHAWA 2:00 20 R 67

Departing Arriving # 
Stops

Train
No Originate TerminateDirection Distance (Miles)
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 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 
Table 4.2 - Proposed GO Transit Lakeshore Corridor Schedule (2015 – Weekdays) 

 (Page 3 of 3) 
 

Transit Rev/
Station Time Station Time Time Non-Rev Rev Non-Rev

E463 EASTWARD BATHURST 15:40 UNION STATION 15:55 0:15 NR 1
463 WESTWARD UNION STATION 16:13 OAKVILLE 16:52 0:39 6 R 21

E414 EASTWARD OAKVILLE 16:54 UNION STATION 17:16 0:22 NR 21
414 EASTWARD UNION STATION 17:33 PICKERING S 18:14 0:41 7 R 21
415 WESTWARD PICKERING S 18:25 UNION STATION 19:02 0:37 7 R 21

E415 WESTWARD UNION STATION 19:05 19:15 WILLOWBROOK 0:10 NR 9
E430 EASTWARD BATHURST 15:40 UNION STATION 15:50 0:10 NR 1
430 EASTWARD UNION STATION 16:10 OSHAWA NORTH 16:59 0:49 6 R 33
439 WESTWARD OSHAWA NORTH 17:09 UNION STATION 17:57 0:48 6 R 33
485 WESTWARD UNION STATION 18:03 BURLINGTON 19:02 0:59 10 R 32
930 EASTWARD BURLINGTON 19:14 OSHAWA NORTH 21:08 1:54 19 R 64
935 WESTWARD OSHAWA NORTH 21:45 ALDERSHOT 23:45 2:00 10 R 67

E935 EASTWARD ALDERSHOT 0:20 0:54 WILLOWBROOK 0:34 NR 26
E436 EASTWARD WILLOWBROOK 16:05 UNION STATION 16:35 0:30 NR 7
436 EASTWARD UNION STATION 16:53 OSHAWA NORTH 17:38 0:45 5 R 33

E436 WESTWARD OSHAWA NORTH 17:45 17:55 HENRY 0:10 NR 9
E491 WESTWARD DON YARD 16:05 UNION STATION 16:15 0:10 NR 1
491 WESTWARD UNION STATION 16:30 17:30 1:00 7 R 35

E491 EASTWARD 17:59 18:25 WILLOWBROOK 0:26 NR 26
E923 EASTWARD WILLOWBROOK 16:10 16:43 OAKVILLE 0:33 NR 5
923 WESTWARD UNION STATION 16:43 OAKVILLE 17:24 0:41 7 R 21
926 EASTWARD OAKVILLE 17:30 OSHAWA NORTH 19:14 1:44 16 R 54
931 WESTWARD OSHAWA NORTH 19:41 ALDERSHOT 21:44 2:03 20 R 67
936 EASTWARD ALDERSHOT 22:08 OSHAWA NORTH 0:08 OSHAWA 2:00 20 R 67

E434 EASTWARD BATHURST 16:15 UNION STATION 16:20 0:05 NR 1
434 EASTWARD UNION STATION 16:30 OSHAWA NORTH 17:31 1:01 10 R 33
927 WESTWARD OSHAWA NORTH 17:41 ALDERSHOT 19:44 2:03 20 R 67
932 EASTWARD ALDERSHOT 20:08 OSHAWA NORTH 22:08 2:00 20 R 67
937 WESTWARD OSHAWA NORTH 22:41 ALDERSHOT 0:44 2:03 10 R 67

E937 EASTWARD ALDERSHOT 0:54 1:20 WILLOWBROOK 0:26 NR 26
E493 WESTWARD DON YARD 16:35 UNION STATION 16:50 0:15 NR 1
493 WESTWARD UNION STATION 17:02 18:02 1:00 7 R 35

E493 EASTWARD 18:24 18:55 WILLOWBROOK 0:31 NR
E925 WESTWARD DON YARD 17:05 UNION STATION 17:30 0:25 NR 1
925 WESTWARD UNION STATION 17:43 BURLINGTON 18:42 0:59 10 R 32

E925 EASTWARD BURLINGTON 18:45 19:15 WILLOWBROOK 0:30 NR 23

4753 rev 841 non-rev
*asterisk designates train that currently originates from or proceeds on to Hamilton Average Speed= 34               mph

Average Speed= 55               kph

Total Miles=

Departing Arriving # 
Stops

Train
No Originate TerminateDirection Distance (Miles)

ALDERSHOT*
ALDERSHOT*

ALDERSHOT*
ALDERSHOT*
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 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 
Table 4.3 - Proposed Lakeshore Corridor Schedule by Direction  (2015 – Weekdays) 

 (Page 1 of 2) 
 

Transit Distance Rev/ Cycle Cycle
Station Time Station Time Time (Mi) Non-Rev From To

Eastbound Morning Peak
470 ALDERSHOT 5:35 UNION STATION 6:35 1:00 35 10 R E470 424
904 ALDERSHOT 6:07 UNION STATION 7:07 1:00 35 11 R E904 E405
490 HAMILTON 6:22 UNION STATION 7:22 1:00 37 7 R E490 428
424 UNION STATION 6:41 OSHAWA NORTH 7:36 0:55 33 10 R 470 435
492 HAMILTON 6:42 UNION STATION 7:38 0:56 37 6 R E492 406
494 HAMILTON 7:04 UNION STATION 8:08 1:04 37 7 R E494 E494
452 OAKVILLE 7:05 UNION STATION 7:51 0:46 21 6 R E452 E476
472 BURLINGTON 7:15 UNION STATION 8:02 0:47 32 6 R 473 E472
906 OAKVILLE 7:25 OSHAWA NORTH 9:08 1:43 54 16 R E906 911
428 UNION STATION 7:28 OSHAWA NORTH 8:26 0:58 33 10 R 490 909
406 UNION STATION 7:43 PICKERING S 8:08 0:25 21 2 R 492 407
454 CLARKSON 7:58 UNION STATION 8:17 0:19 17 3 R E454 E454
456 OAKVILLE 7:58 UNION STATION 8:21 0:23 21 2 R E456 E456
474 BURLINGTON 8:00 UNION STATION 8:51 0:51 32 7 R 475 E474
458 PORT CREDIT 8:07 UNION STATION 8:29 0:22 13 5 R E458 E458
908 BURLINGTON 8:14 UNION STATION 9:07 0:53 32 10 R E908
X18 UNION STATION 8:43 OSHAWA NORTH 9:39 0:56 33 10 R 405 X19
476 BURLINGTON 8:44 UNION STATION 9:27 0:43 32 7 R E476 E476
908 UNION STATION 9:13 OSHAWA NORTH 10:08 0:55 33 10 R 407 913

Eastbound Day Offpeak
902 BURLINGTON 5:13 OSHAWA NORTH 7:08 1:55 64 18 R E902 433
910 BURLINGTON 9:14 OSHAWA NORTH 11:08 1:54 64 19 R 477 915

912 ALDERSHOT 10:08 OSHAWA NORTH 12:08 2:00 67 20 R 907 917

914 ALDERSHOT 11:08 OSHAWA NORTH 13:08 2:00 67 20 R 909 919

916 ALDERSHOT 12:08 OSHAWA NORTH 14:08 2:00 67 20 R 911 921

918 ALDERSHOT 13:08 OSHAWA NORTH 15:08 2:00 67 20 R 913 923

920 ALDERSHOT 14:08 OSHAWA NORTH 16:08 2:00 67 20 R 915 437
Eastbound Evening Peak

X14 ALDERSHOT 9:38 OSHAWA NORTH 11:38 2:00 67 20 R X13 X15
X00 UNION STATION 9:43 OSHAWA NORTH 10:38 1:00 33 5 R 476 X01

X10 ALDERSHOT 10:38 OSHAWA NORTH 12:38 2:00 67 20 R X09 X11

X06 ALDERSHOT 11:38 OSHAWA NORTH 13:38 2:00 67 20 R X05 X07

X20 ALDERSHOT 12:38 OSHAWA NORTH 14:38 2:00 67 20 R X19 X21

X02 ALDERSHOT 13:38 OSHAWA NORTH 15:38 2:00 67 20 R X01 X03

X16 ALDERSHOT 14:38 OSHAWA NORTH 16:38 2:00 67 20 R X15 EX15
922 ALDERSHOT 15:08 UNION STATION 16:07 0:59 35 11 R 917 432
410 UNION STATION 15:45 PICKERING S 16:25 0:40 21 7 R E410 411
924 ALDERSHOT 15:54 OSHAWA NORTH 18:07 2:13 67 17 R 919 929
430 UNION STATION 16:10 OSHAWA NORTH 16:59 0:49 33 6 R E430 439
432 UNION STATION 16:25 OSHAWA NORTH 17:10 0:45 33 6 R 922 441
434 UNION STATION 16:30 OSHAWA NORTH 17:31 1:01 33 10 R E434 927
412 UNION STATION 16:42 PICKERING S 17:38 0:56 21 5 R E412 E161
482 BURLINGTON 16:45 UNION STATION 17:37 0:52 32 10 R 921 438
436 UNION STATION 16:53 OSHAWA NORTH 17:38 0:45 33 5 R E436 E436
926 OAKVILLE 17:30 OSHAWA NORTH 19:14 1:44 54 16 R 923 931
414 UNION STATION 17:33 PICKERING S 18:14 0:41 21 7 R E414 415
484 BURLINGTON 17:50 UNION STATION 18:37 0:47 32 7 R 481 440
438 UNION STATION 17:53 OSHAWA NORTH 18:38 0:45 33 5 R 482 E438
928 BURLINGTON 18:14 OSHAWA NORTH 20:08 1:54 64 19 R 483 933
440 UNION STATION 18:43 OSHAWA NORTH 19:32 0:49 33 6 R 484 E440

Eastbound Night Offpeak
930 BURLINGTON 19:14 OSHAWA NORTH 21:08 1:54 64 19 R 485 935
932 ALDERSHOT 20:08 OSHAWA NORTH 22:08 2:00 67 20 R 927 937
934 ALDERSHOT 21:08 OSHAWA NORTH 23:08 2:00 67 20 R 929 939
936 ALDERSHOT 22:08 OSHAWA NORTH 0:08 2:00 67 20 R 931 OSHAWA
938 ALDERSHOT 23:08 OSHAWA NORTH 1:08 2:00 67 20 R 933 OSHAWA

Departing Arriving # 
Stops

Train
No
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 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 
Table 4.3 - Proposed Lakeshore Corridor Schedule by Direction  (2015 – Weekdays) 

 (Page 2 of 2) 
Transit Distance Rev/ Cycle Cycle

Station Time Station Time Time (Mi) Non-Rev From To
Westbound Morning Peak

423 OSHAWA NORTH 5:47 UNION STATION 6:47 1:00 33 10 R OSHAWA 475
425 OSHAWA NORTH 6:12 UNION STATION 7:12 1:00 33 10 R E425 E456
427 OSHAWA NORTH 6:27 UNION STATION 7:27 1:00 33 10 R E427 E454
429 OSHAWA NORTH 6:52 UNION STATION 7:36 0:44 33 5 R E429 477
475 UNION STATION 6:53 BURLINGTON 7:45 0:52 32 9 R 423 474
431 OSHAWA NORTH 7:11 UNION STATION 7:55 0:44 33 5 R E431 E431
403 PICKERING S 7:22 UNION STATION 8:03 0:41 21 7 R E403 E403
433 OSHAWA NORTH 7:23 UNION STATION 8:07 0:44 33 5 R 902 X09

X13

X13 UNION STATION 8:25 ALDERSHOT 9:27 1:02 35 11 R 456 X14

X09 UNION STATION 9:12 ALDERSHOT 10:14 1:02 35 11 R 433 X10

405 PICKERING S 7:45 UNION STATION 8:30 0:45 21 7 R E405
435 OSHAWA NORTH 7:46 UNION STATION 8:30 0:44 33 5 R 424 907
477 UNION STATION 7:55 BURLINGTON 8:50 0:55 32 10 R 429 910
407 PICKERING S 8:18 UNION STATION 8:59 0:41 21 7 R 406 908
443 OSHAWA NORTH 8:25 UNION STATION 9:10 0:45 33 6 R E443 E443

907 UNION STATION 8:43 ALDERSHOT 9:44 1:01 35 11 R 435 912

Westbound Day Offpeak
421 OSHAWA NORTH 5:07 UNION STATION 6:07 1:00 33 10 R OSHAWA 473
473 UNION STATION 6:13 BURLINGTON 7:05 0:52 32 9 R 421 472
909 OSHAWA NORTH 8:41 ALDERSHOT 10:44 2:03 67 20 R 428 914
911 OSHAWA NORTH 9:41 ALDERSHOT 11:44 2:03 67 20 R 906 916

913 OSHAWA NORTH 10:41 ALDERSHOT 12:44 2:03 67 20 R 908 918

915 OSHAWA NORTH 11:41 ALDERSHOT 13:44 2:03 67 20 R 910 920

917 OSHAWA NORTH 12:41 UNION STATION 13:37 0:56 33 10 R 912 E917

919 OSHAWA NORTH 13:41 UNION STATION 14:37 0:56 33 10 R 914 E919
917 UNION STATION 13:43 ALDERSHOT 14:44 1:01 35 11 R E917 922

919 UNION STATION 14:43 ALDERSHOT 15:44 1:01 35 11 R E919 924
Westbound Evening Peak

X19 OSHAWA NORTH 10:11 ALDERSHOT 12:28 2:17 67 20 R X18 X20
X05 UNION STATION 10:13 ALDERSHOT 11:14 1:01 35 11 R 443 X06

X01 OSHAWA NORTH 11:11 ALDERSHOT 13:14 2:03 67 20 R X00 X02

X15 OSHAWA NORTH 12:11 ALDERSHOT 14:28 2:17 67 20 R X14 X16

X11 OSHAWA NORTH 13:11 ALDERSHOT 15:26 2:15 67 20 R X10 EX11

X07 OSHAWA NORTH 14:11 UNION STATION 15:10 0:59 33 10 R X06 EX07

921 OSHAWA NORTH 14:31 BURLINGTON 16:28 1:57 64 19 R 916 482

923 OSHAWA NORTH 15:41 UNION STATION 16:37 0:56 33 10 R 918 481
479 UNION STATION 16:10 BURLINGTON 16:56 0:46 32 6 R E479 E159

463 UNION STATION 16:13 OAKVILLE 16:52 0:39 21 6 R E463 E414
437 OSHAWA NORTH 16:24 UNION STATION 17:20 0:56 33 10 R 920 495
411 PICKERING S 16:30 UNION STATION 17:05 0:35 21 2 R 410 483
491 UNION STATION 16:30 HAMILTON 17:30 1:00 37 7 R E491 E491
923 UNION STATION 16:43 OAKVILLE 17:24 0:41 21 7 R E923 926
481 UNION STATION 16:47 BURLINGTON 17:35 0:48 32 6 R 923 484
493 UNION STATION 17:02 HAMILTON 18:02 1:00 37 7 R E493 E493
439 OSHAWA NORTH 17:09 UNION STATION 17:57 0:48 33 6 R 430 485

465 UNION STATION 17:13 OAKVILLE 17:52 0:39 21 7 R E465 E269
483 UNION STATION 17:19 BURLINGTON 18:04 0:45 32 5 R 411 928
441 OSHAWA NORTH 17:21 UNION STATION 18:17 0:56 33 10 R 432 497
495 UNION STATION 17:34 HAMILTON 18:25 0:51 37 7 R 437 E495
927 OSHAWA NORTH 17:41 ALDERSHOT 19:44 2:03 67 20 R 434 932
925 UNION STATION 17:43 BURLINGTON 18:42 0:59 32 10 R E925 E925
485 UNION STATION 18:03 BURLINGTON 19:02 0:59 32 10 R 439 930
497 UNION STATION 18:17 HAMILTON 19:36 1:19 37 7 R 441 E497
415 PICKERING S 18:25 UNION STATION 19:02 0:37 21 7 R 414 E415

Westbound Night Offpeak

X21 OSHAWA NORTH 15:11 UNION STATION 16:07 0:56 33 10 R X20 EX21

X03 OSHAWA NORTH 16:11 BURLINGTON 18:06 1:55 64 19 R X02 EX03

X17 OSHAWA NORTH 17:11 UNION STATION 18:07 0:56 33 10 R X16 EX17

929 OSHAWA NORTH 18:41 ALDERSHOT 20:44 2:03 67 20 R 924 934
931 OSHAWA NORTH 19:41 ALDERSHOT 21:44 2:03 67 20 R 926 936
933 OSHAWA NORTH 20:41 ALDERSHOT 22:44 2:03 67 10 R 928 938
935 OSHAWA NORTH 21:45 ALDERSHOT 23:45 2:00 67 10 R 930 E935
937 OSHAWA NORTH 22:41 ALDERSHOT 0:44 2:03 67 10 R 932 E937
939 OSHAWA NORTH 23:41 ALDERSHOT 1:44 2:03 67 10 R 934 E939

Departing Arriving # 
Stops

Train
No
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 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 
Table 4.4 - Proposed Lakeshore Corridor Schedule by Direction 

(2015 – Weekends/Holidays) 
 

Transit Distance Rev/ Cycle Cycle
Station Time Station Time Time (Mi) Non-Rev From To

Eastbound Weekend
904 UNION STATION 7:13 OSHAWA NORTH 8:08 0:55 33 9 R E904 909
906 ALDERSHOT 7:08 OSHAWA NORTH 9:08 2:00 67 20 R E906 911
908 ALDERSHOT 8:08 OSHAWA NORTH 10:08 2:00 67 20 R 903 913
910 ALDERSHOT 9:08 OSHAWA NORTH 11:08 2:00 67 20 R 905 915
912 ALDERSHOT 10:08 OSHAWA NORTH 12:08 2:00 67 20 R 907 917
914 ALDERSHOT 11:08 OSHAWA NORTH 13:08 2:00 67 20 R 909 919
916 ALDERSHOT 12:08 OSHAWA NORTH 14:08 2:00 67 20 R 911 921
918 ALDERSHOT 13:08 OSHAWA NORTH 15:08 2:00 67 20 R 913 923
920 ALDERSHOT 14:08 OSHAWA NORTH 16:08 2:00 67 20 R 915 925
922 ALDERSHOT 15:08 OSHAWA NORTH 17:08 2:00 67 20 R 917 927
924 ALDERSHOT 16:08 OSHAWA NORTH 18:08 2:00 67 20 R 919 929
926 ALDERSHOT 17:08 OSHAWA NORTH 19:08 2:00 67 20 R 921 931
928 ALDERSHOT 18:08 OSHAWA NORTH 20:08 2:00 67 20 R 923 933
930 ALDERSHOT 19:08 OSHAWA NORTH 21:08 2:00 67 20 R 925 935
932 ALDERSHOT 20:08 OSHAWA NORTH 22:08 2:00 67 20 R 927 937
934 ALDERSHOT 21:08 OSHAWA NORTH 23:08 2:00 67 20 R 929 939
936 ALDERSHOT 22:08 OSHAWA NORTH 0:08 2:00 67 20 R 931 E936
938 ALDERSHOT 23:08 OSHAWA NORTH 1:08 2:00 67 20 R 933 OSHAWA

Westbound Weekend
903 UNION STATION 6:43 ALDERSHOT 7:44 1:01 35 11 R E903 908
905 OSHAWA NORTH 6:41 ALDERSHOT 8:44 2:03 67 20 R OSHAWA 910
907 OSHAWA NORTH 7:41 ALDERSHOT 9:44 2:03 67 20 R E907 912
909 OSHAWA NORTH 8:41 ALDERSHOT 10:44 2:03 67 20 R 904 914
911 OSHAWA NORTH 9:41 ALDERSHOT 11:44 2:03 67 20 R 906 916
913 OSHAWA NORTH 10:41 ALDERSHOT 12:44 2:03 67 20 R 908 918
915 OSHAWA NORTH 11:41 ALDERSHOT 13:44 2:03 67 20 R 910 920
917 OSHAWA NORTH 12:41 ALDERSHOT 14:44 2:03 67 20 R 912 922
919 OSHAWA NORTH 13:41 ALDERSHOT 15:44 2:03 67 20 R 914 924
921 OSHAWA NORTH 14:41 ALDERSHOT 16:44 2:03 67 20 R 916 926
923 OSHAWA NORTH 15:41 ALDERSHOT 17:44 2:03 67 20 R 918 928
925 OSHAWA NORTH 16:41 ALDERSHOT 18:44 2:03 67 20 R 920 930
927 OSHAWA NORTH 17:41 ALDERSHOT 19:44 2:03 67 20 R 922 932
929 OSHAWA NORTH 18:41 ALDERSHOT 20:44 2:03 67 20 R 924 934
931 OSHAWA NORTH 19:41 ALDERSHOT 21:44 2:03 67 20 R 926 936
933 OSHAWA NORTH 20:41 ALDERSHOT 22:44 2:03 67 20 R 928 938
935 OSHAWA NORTH 21:41 ALDERSHOT 23:44 2:03 67 20 R 930 940
937 OSHAWA NORTH 22:41 ALDERSHOT 0:44 2:03 67 20 R 932 942
939 OSHAWA NORTH 23:41 ALDERSHOT 1:44 2:03 67 20 R 934 944

Total Miles 2413

Departing Arriving # 
Stops

Train
No

 
 

4.3 Benefits/Drawbacks of Diesel versus Electrification 

This section presents an overview of the benefits and drawbacks of the two modes of operation.  
These are essentially unchanged from those identified in the 1992 and 2001 reports. 

4.3.1 Benefits of Diesel Operation 
• Unlimited choice of routes and assignment 

• Compatible/interchangeable with other railway equipment in the corridors 

• Technical breakdown confined to one train. 

4.3.2 Drawbacks of Diesel Operation 
• Limited hotel power 

• Diesel engine servicing and overhauls 

PR243550.004  Page 4-10 

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  



 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 

PR243550.004  Page 4-11 

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  

• Noise, fumes, oil and fuel dispersion 

• Per unit horsepower limitation 

• Slow acceleration to top speed 

• Non revenue movements required to refuelling points 

• Shorter economic life 

• Limited categories of usable fuel 

• Powerful cleaning agents required to remove oily residue 

• Contributes to CO2 emissions.  

4.3.3 Benefits of Electrified Operation 
• Reduced maintenance cost and associated time 

• Choice of primary energy source (via electricity) 

• Fumes and oil dispersion eliminated 

• Wayside hotel power cabinets eliminated 

• Reduced noise at layover sites 

• Reduced train noise 

• Greater per unit horsepower and acceleration 

• Can contribute to shorter headways 

• Greater energy efficiency; at source generators; partial recovery of braking energy 

• Overtrack property development 

• Ample hotel and standby power available via locomotive, with minimal standby 
maintenance 

• Lower energy cost, less prone to erratic price fluctuation. 

4.3.4 Drawbacks of Electrified Operation 
• Locomotives and power cars confined to electrified areas 

• Reduces available clearance envelope  

• Replacement of incompatible track circuits and signalling systems – signal systems must 
be modernized 

• Maintenance of OCS 

• Train immobilization due to OCS damage – or hydro failure 

• Shielding or replacement of incompatible communication cables 

• Supplementary operating and safety rules 

• Reduced mobility for on-track cranes 

• Visual intrusion of OCS. 
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5. ROLLING STOCK 

5.1 Equipment Requirements 

GO Transit recently purchased 27 MP-40’s at a cost of $143M, to be in revenue service by the 
end of 2008, and has an option to purchase an additional 26 for delivery by 2010 at a total cost 
of $141M. The standard consist assumed in this study was a single locomotive, either electric or 
diesel-electric, hauling 12 bi-level cars. The costs associated with the maintenance or 
procurement of bi-level cars have not been considered in this study, since they are assumed to 
be the same for both modes of locomotion. 
 
5.2 Locomotives 

The following locomotives were considered in the simulation study: 
 
New Diesel Fleet MP40        4000 HP  
Electric Traction Locomotive ALP-46     7000 HP 
 
A block diagram of a generic 25 kV AC locomotive is illustrated in Figure 5.1. 
 

 
Figure 5.1 Electric Locomotive, 25 kV with AC Drive System 

 
The purchase, maintenance, overhaul and replacement schedule, assumed in this study, for GO 
Transits diesel operations, is: 
 

• 27 locomotives replaced in 2008, of which 10 are applied to the Lakeshore corridor 

• 26 locomotives replaced in 2010, of which 9 are applied to the Lakeshore corridor 

• Top deck overhaul of 27 (10 Lakeshore corridor) locomotives in 2012/2013, 2020/2021, 
2028/2029 

• Top deck overhaul of 26 (9 Lakeshore corridor) locomotives in 2014/2015, 2022/2023, 
2030/2031 

• Major overhaul 27 (10 Lakeshore corridor) locomotives in 2016/2017 

• Major overhaul 26 (9 Lakeshore corridor) locomotives in 2018/2019 

• Complete overhaul 27 (10 Lakeshore corridor) locomotives in 2024/2025, 2032/2033 

• Complete overhaul 26 (9 Lakeshore corridor) locomotives in 2026/2027  
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• 2013 +4 Additional consists to model fuel usage for additional capacity growth 

• 2018 +3 Additional consists to model fuel usage for additional capacity growth 

• 2023 +3 Additional consists to model fuel usage for additional capacity growth 

• 2028 +2 Additional consists to model fuel usage for additional capacity growth 

• Top deck, major, and complete overhauls of additional consists on 4, 8 and 16 year 
schedules.  

Based on the locomotive quantities shown in Table 5.1, the purchase, maintenance, overhaul 
and replacement schedule, assumed in this study, for the electric locomotives, is: 

• 19 electric locomotives (17 plus 2 spares) delivered in 2014 

• Top deck overhaul of 19 locomotives in 2018/2019, 2026/2027 

• Major overhaul 19 locomotives in 2022/2023 

• Complete overhaul 19 locomotives in 2030/2031 

• 2014 +4 Additional consists to model fuel usage for additional capacity growth 

• 2018 +3 Additional consists to model fuel usage for additional capacity growth 

• 2023 +3 Additional consists to model fuel usage for additional capacity growth 

• 2028 +2 Additional consists to model fuel usage for additional capacity growth 

• Top deck, major, and complete overhauls of additional consists on 4, 8 and 16 year 
schedules. 

Upon acquisition of the electric locomotives, the assumption is made that a surplus of 17 diesel-
electric locomotives will become available for resale.  
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Table 5.1 Consist Requirements – Proposed TPC Schedule vs. Current Schedule 
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5.3 Locomotive Cost Estimates 

The following present values were applied for rolling stock: 

• New Diesel-Electric Locomotive – MP40 $5.4 million 

• Diesel-Electric Locomotive Salvage Value 5% straight line depreciation per year 

• New Electric Locomotive – ALP-46 $8.0 million 

5.4 O&M Cost Estimates 

The following O&M costs were applied (mandated 45 day and 90 day O&M inspection costs and 
unscheduled repair costs are assumed to be equivalent for both cases). Diesel-Electric overhaul 
cost estimates were provided by GO Transit. The Electric estimates are derived by applying a 
50% overhaul ratio as originally estimated in Section 6.6 of the original 1992 report. 

 Electric Diesel-Electric 

• Top Deck Overhaul  $87,500 $175,000 

• Major Overhaul $250,000 $500,000 

• Complete Overhaul $1,000,000 $2,000,000 
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Table 5.2 – Locomotive Schedule – Lakeshore Corridor 

Purchase Purchase Salvage Purchase
MP-40 ALP-46 MP-40 Top-Deck Major Complete MP-40 Top-Deck Major Complete

2008 10 10
2009 ↓ ↓
2010 9 9
2011 ↓ ↓
2012 5 5
2013 4 5 4 5
2014 19 + 4 5 5
2015 -17 - 4 4
2016 5
2017 4 5
2018 3 10 3 3 5
2019 9 + 4 4
2020 5
2021 5 4
2022 3 10 5 + 3
2023 3 9 + 4 3 4
2024 5
2025 4 5
2026 10 3 3 5
2027 9 + 7 3 4
2028 2 2 5
2029 5 4
2030 3 10 5 + 3
2031 3 9 + 4 4 3
2032 2 2 5
2033 4 5

Bold, underlined digits represent future consist transactions to accommodate traffic growth

Year Overhaul

Diesel-Electric Locomotive Option

Overhaul

Electric Locomotive Option

 

Note that under the electrification option, a net increase of 2 locomotives is required to 
accommodate additional spares required for the electrical fleet (2).  

PR243550.004  Page 5-4 

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  



 GO Transit - Lakeshore Corridor Electrification 
Update of 2001 Addendum to 1992 Study 

 
5.5 Maintenance Facilities and Storage Tracks 

The cost of providing electrification to the existing layover and maintenance facilities are totalled 
by applying the equivalent facility track miles as tabulated in Table 5.3 to the OCS unit cost 
calculations as provided in Table 8.1. 

Table 5.3 – Electrification of Maintenance Facilities and Storage Tracks 

Sub Total
Henry ** 0.48        
Pickering South ** 0.56        
Don Yard 10.75
Pullback Track 0.67
6 Sidings 7.56
4 Sidings 2.52
Willowbrook Yard 8.51
Willowbrook Lead 0.95
6 Sidings 7.56
Bathurst Yard 1.22
4 Sidings 1.22
Union Station 13.63
Track 1 0.37        
Track 2 0.37        
Track 3 0.79        
Track 4 0.93        
Track 5 1.00        
Track 6 0.99        
Track 7 1.07        
Track 8 0.85        
Track 9 0.80        
Track 10 0.49        
Track 11 0.99        
Track 12 0.66        
Track 13 0.44        
Track 14 0.66        
Track 14 Pocket 0.48        
D1 0.16        
North Ladder 1 (W) 0.17        
South Ladder 1 (W) 0.18        
North Ladder 1 (E) 0.45        
South Ladder 1 (E) 0.28        
South Ladder 2 (E) 0.27        
Double Switches 1.26        

Track MilesLayover Yard/
Maintenance Facility

 

The Willowbrook Consist Yards (Figures 5.2 and 5.3) are adjacent to the main locomotive 
maintenance facility, which itself is not practical to electrify without undergoing significant 
alterations on account of obstructions such as exhaust hoods, gantries and overhead cranes. 
Alternative solutions would need to be considered for maintaining electric locomotives, such as 
by switching equipment through the facility using a diesel slave. 
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Figure 5.2 Willowbrook (West Consist Yard) 

 

 
Figure 5.3 Willowbrook (East Consist Yard) 

 

The in-bound maintenance leads at the Willowbrook facility are also used for diesel fuelling. 
Since it is not feasible to consider fuelling on an electrified line, a new Willowbrook maintenance 
lead would be required to accommodate electric locomotives.  

The Willowbrook storage tracks can only hold 20 x 12 car train sets and is presently at capacity. 
Storage tracks are required for both daytime and nigh-time storage. Daytime storage is required 
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to store the surplus train sets which are created between the peak and off-peak hours (plus 
spares). This number is actually reduced from 12 (plus spare) train sets with the present 
schedule, to 7 (plus spare) train sets with the proposed schedule. Night-time storage must 
account for all train-sets used (plus spares). 

These capacity constraints create the need for a new facility dedicated to electric locomotive 
maintenance. GO Transit estimates that this new facility would need to comprise an area of 
approximately 75% of the existing 48 acre facility at Willowbrook, or approximately 36 acres. 
The location of the new facility would be located in the Pickering - Oshawa area, where land 
prices currently range between $250K and $375K per acre. Applying the mid-point value 
provides a total land cost $11.3M. 

The estimated cost of the Willowbrook facility is $150-$200M, providing an estimated mid-point 
cost of $131.3M for a new maintenance facility of 75% the size of Willowbrook. An estimated 
$1.5M of locomotive specific maintenance and OCS equipment would also be required. The 
total cost of the proposed new facility is provided in Table 5.4. 

Table 5.4 – Electrical Locomotive Maintenance Facility Costs 

Description

36 Acres Land (Pickering ~ Oshawa)  $      11,300,000 

Maintenance Faciltiy (@ 75% Size of 
Willowbrook)  $    131,300,000 

Electrical Equipment  $        1,500,000 

Total  $    144,100,000 

Total ($)

 

5.6 Dual-Mode Locomotives 

Dual-mode diesel-electric locomotives have been in successful operation for many years in 
specialized applications. This configuration has been adopted in other countries, such as China 
as an interim measure for progressive electrification of its nationwide railway networks, and in 
the UK for a fleet wide replacement of Intercity trains allowing operation in partially electrified 
areas. New Jersey Transit and AMT are actively pursuing the purchase of dual-mode 25kV 
locomotives to augment their existing fleets. 

A diesel-electric dual mode locomotive is similar to an electric locomotive with a smaller diesel 
engine as prime mover which is directly coupled to a generator that supplies power to the 
traction conversion system (converter and inverter) which ultimately provides AC energy to the 
traction motors.  

The operation of a dual-mode locomotive is similar to that of an electric locomotive with first 
priority of taking electric power from the overhead catenary system.  The diesel engine is sized 
smaller than that of a typical diesel-electric locomotive since its role as prime mover is for short 
durations. The diesel engine can start up and shut down quickly, allowing a seamless transition 
from electric mode to diesel mode without interrupting of train motion. 

Figure 5.4 illustrates a block diagram of a dual mode diesel-electric locomotive. Appendix H 
includes information on the Bombardier ALP-46A (a dual-mode variant of the ALP-46 electric 
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locomotive), which is being considered for use by New Jersey Transit and AMT. Due to on-
going commercial negotiations, pricing information of this locomotive is not available at this time. 

 
Figure 5.4 Dual-Mode Diesel-Electric Locomotive 

With recent advances in technology, application of rapid charge high power density capacitors 
have been used successfully in hybrid trains such as trams and LRTs. When the train brakes, 
the regenerated energy is used to charge the storage capacitors instead of being dissipated as 
heat through the braking resistors as is the case with more conventional locomotives. Figure 5.5 
depicts a dual-mode hybrid-electric locomotive with storage capacitor system. Examples of 
these systems include light auxiliary load applications in Japan (using lithium-ion capacitors) 
and Europe (using double layered capacitors). 

 
Figure 5.5 Dual-Mode Hybrid-Electric Locomotive 

Significant benefits may be realized by adoption of dual-mode locomotives, which may have a 
dramatic effect on the economics of electrification. Diesel or capacitor operation can be used as 
an alternative prime mover in isolated areas where the unit cost of electrification is very high. 
These include: 
 

• The Hunter Street tunnel when considering service to Hamilton 

• USRC, particularly the high costs associated with the train shed issues discussed in 
Section 6.4 

• Incompatibility issues with road crossing warning systems as discussed in Section 9.3 

• Layover yards and maintenance facilities. 

 
5.7 Wayside Cabinets 

A certain amount of wayside power equipment will become redundant at the time of 
Electrification as hotel power can be obtained directly from the OCS. Layover yards such as the 
Don Yard and Bathurst Yard will still require wayside power for the diesel fleet that may be 
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stored at these locations. Only outlying Lakeshore layover yards that will be dedicated to electric 
locomotives will become redundant. For the purposes of this Study this applies only to the 
Henry layover yard, which is currently scheduled to be upgraded in 2009 with new equipment. 
By the proposed 2015 electrification start-up the Oshawa wayside cabinets will either be too old 
to salvage or will no longer be in place as a new layover yard at Bomanville may be in service 
by that time.  

For the Henry layover yard, the only equipment which may be salvageable are the wayside 
cabinets, motor control centres and associated equipment; this track-side equipment is modular 
and can be redeployed elsewhere. The transformer and switchgear however is sized specifically 
to the location and chances are low that there will be a use for this equipment elsewhere on the 
GO network. The 2015 salvage value of the wayside equipment at Henry is estimated at $410K 
(current dollars). 
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6. ELECTRIFICATION CLEARANCES 

The 2001 Electrification Study summarized the cost of achieving minimum vertical electrical 
clearances, based on assumptions and clearance data contained in the original 1992 study. 
This section provides an updated cost estimate using 2008 dollars applied to the same data. 
 
6.1 Electrification Clearance Requirements 

The vertical requirements for electrified railways typically exceed those of non-electrified on 
account additional clearances are required for the OCS system and associated tolerances. 
Figure 6.1 illustrates the elements that make up the clearance requirements, which are 
tabulated in Table 6.1 with their equivalent CSA standard allowances.  

  
Figure 6.1 Electrical Clearance Requirements 
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Based on this table, a normal vertical clearance of 7400 mm will be maintained to accommodate 
double stacked freight traffic, although there will be instances where clearances may fall 
between 6900 and 7400 mm. Special engineering of the OCS will be applied to allow operation 
within this range. 

Table 6.1 - Vertical Clearance Requirements 

Min
(mm)

Normal
(mm)

Min
(mm)

Normal
(mm)

Structure Tolerance Structure Vertical Tolerance 15 15 15 15
Electrical Clearance (Above OCS) Electrical Clearance Above OCS 200 250 200 250

Upper Tolerance + Uplift OCS Vertical Tolerance Above +
     OCS Pantograph Uplift     100 100 100 100

OCS Vertical Tolerance Below OCS Vertical Tolerance Below 50 50 50 50
Energized Portion of OCS OCS Live Vertical Distance 50 150 50 150
Lower Tolerance and Sag OCS Sag 0 15 0 15
Electrical Clearance (Below OCS) Electrical Clearance Below OCS 200 250 200 250
Vertical Height (Rolling Stock) Rolling Stock Vertical Height 6261 6261 4851 4851
Allowance for Track Raising Track Vertical Tolerance 25 300 25 300

6901 7391 5491 5981
Use 6900 7400 5500 6000

Freight Passenger
Figure 6.1 Dimension Equivalent CSA Electrification 

Clearance Standards

 
   
6.2 Restricted Vertical Clearance Conditions 

Structures with restricted clearances (below 6900 mm) must be addressed by either lowering 
the track (by undercutting or track removal), or by raising the structure. In the case of signal 
bridges and cantilevers, it is more economical to raise the structures. For more permanent 
structures, such as overpasses, it is usually more economical to lower the track. 
 
Most signal bridges and cantilevers have been installed or renewed above 7400 mm. It is 
estimated than only about 25% of the 93 structures (say 24 structures) remain that are below 
6900 mm, since some new cantilevers have been replaced since 2001. 
 
An inventory of overpasses with insufficient clearances is listed in Table 6.2, using data that was 
accumulated during the 1992 Electrification Study. 
 
6.3 Hamilton Area 

In addition to the clearance restrictions in Table 6.2, there are a number of additional restrictions 
in the Hamilton area including four areas within the Hunter Street Tunnel. These are listed in 
Table 6.3. On account of the high costs of modifying the tunnel, GO Transit had limited the 
scope of the 2001 study of the Lakeshore Corridor electrification to between Aldershot and 
Oshawa. The OCS costing and TPC calculations of this study also confine the western limit to 
Aldershot, however there may be options where it becomes possible to economically extend 
electrification to Hamilton. These include: 

• Employ dual-mode locomotives as described in Section 5.6 to operate through the 
restricted clearances without need of overhead catenary in these sections, or 

• Only energize the Aldershot-Hamilton leg of the OCS when a GO train passes through it, 
thus freeing up an additional 200 mm of clearance. If done in concert with other 
specialized catenary support engineering, it may be possible to achieve the necessary 
clearances between Hamilton and Aldershot without major modifications to the tunnel. 
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Table 6.2 – Overpass Structures with Insufficient Vertical Clearance  
(Oshawa to Aldershot) 

 

Location Sub MP #
Tracks

Recorded 
Clearance

(mm)

Minimum 
Clearance

(mm)

Additional 
Clearance 

(mm)

Lakeshore East
Kingston Rd. Kingston 321.45 3 6325 6900 575
Danforth Platform (ped) Kingston 326.22 3 6550 6900 350
Birchmount Kingston 326.60 3 6700 6900 200
Main Street Kingston 328.64 3 6575 6900 325

Lakeshore West
Spadina Oakville 0.69 8 6700 6900 200
Dufferin Oakville 2.38 4 6450 6900 450
Dunn Oakville 2.69 4 6450 6900 450
Jamieson Oakville 2.85 4 6750 6900 150
Dowling Oakville 3.02 4 6575 6900 325
Brown's Line Oakville 9.41 3 6750 6900 150  
 

Table 6.3 – Overpass Structures with Insufficient Vertical Clearance 
(Hamilton Area) 

Location
Recorded 
Clearance

(mm)

Minimum 
Clearance

(mm)

Additional 
Clearance 

(mm)

Hamilton Area
Dundurn (SWYE) 6248 6900 652
Main Street 6517 6900 383
Locke Street 6337 6900 563
Pearl Street 6383 6900 517
Ray Street 6840 6900 60

Hunter Street Tunnel
North Portal (Sta. 6769.7) 6655 6900 245
Mile 58 (Sta. 6525) 6754 6900 146
Sta. 6480 6883 6900 17
Park Street 6413 6900 487  

 

6.4 Union Station Train Shed Roof Rehabilitation Project 

GO Transit has embarked on an extensive renewal program for Union Station and the tracks 
approaching the historic station. The historic roof will be rehabilitated, providing a cleaner, 
brighter platform area.  
 
The train shed is one of only two Bush train sheds left in Canada. It was a patented design that 
provided both weather protection for train passengers and crew, and exhaust vents for the 
smoke of old locomotives and the diesel exhaust of today’s locomotives. 
 
The exhaust from the locomotives is vented through the smoke ducts. These pre-cast ducts 
were state-of-the-art when they were installed in 1927 and 1928, but the hot, corrosive exhaust 
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gases along with the harsh waterfront weather have damaged them. They will be replaced with 
new concrete ducts that will look identical. 
 
GO Transit currently uses 7 of the 12 tracks under the train shed at Union Station, however to 
maintain operational flexibility it would be prudent to electrify all 12 tracks. The minimum 
clearance under the shed is 5260mm, considerably less than the 5500 mm identified in Table 
6.1 for passenger only operation. The associated work and costs of addressing the clearance 
issue on all but four tracks shall be covered directly through the Train Shed Roof Rehabilitation 
project. Only work required to address clearances on the remaining four tracks (Tracks 1, 2, 11, 
and 12) shall form part of the electrification costs for this Study Update.  
 
The train shed rehabilitation contract will provide for restoration of the heritage smoke vents 
over Tracks 1 and 2, which will preclude electrification until they are replaced with shorter 
smoke vent panels, unless a catenary system with special reduced clearances (with appropriate 
electrical isolation) can be designed and installed. The same is true with Tracks 11 and 12, 
although the existing smoke vents are not considered historic. 
 
Tracks 13 and 14 are south of the train shed and can be electrified; however the canopy 
designs for the platforms that serve these tracks would likely have to be modified. 
 
The likely sequence of electrification in the station would be: 
 

1) Electrify Tracks 3-10, 13 and 14  
2) Modify smoke vents and electrify Tracks 11 and 12  
3) Modify smoke vents and electrify Tracks 1 and 2.  

 
The heritage protection on the shed, and on Tracks 1 and 2 in particular, will allow for 
modifications required for operational reasons, but will require GO Transit to demonstrate that 
there are no other reasonable alternatives. It is unlikely that relief will be granted for 
replacement of the smoke vents over Tracks 1 and 2 until all other tracks in the station have 
been electrified and it can be demonstrated that there is a compelling need to operate electrified 
trains on the remaining two tracks.   
 
Based on the costs for modification of the roof vents for the other tracks being undertaken with 
the Train Shed Rood Rehabilitation project, the estimated costs for addressing clearance 
restrictions on Tracks 1, 2, 11, and 12 are provided in Table 6.4. 
 

Table 6.4 – Train Shed Tracks 1, 2, 11, 12 Clearance Costs 

Track 
# # Vents Vent Work Required Cost Per 

Vent Sub Total
Rework

Premium1 Total

1 35 30,000$        1,050,000$   150,000$       1,200,000$   

2 35 30,000$        1,050,000$   150,000$       1,200,000$   

11 24 30,000$        720,000$      -$               720,000$      

12 24 30,000$        720,000$      -$               720,000$      

3,840,000$   

Replace with shorter smoke 
vent panels

1 No rework premium is alloted to tracks 11 & 12 if the work is
performed in concert with the Train Shed Rehabilitation Project  
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6.5 Overpass Structures 

The 1992 and 2001 electrification studies identified six overpass structures with less than 6900 
mm clearance on the Oakville Sub and four on the Kingston Sub (including the ped crossing), 
as listed in Table 6.2. Where 300 mm or less of additional vertical clearance is required, the 
track lowering can be accomplished by means of a track undercutter. If more than 300 mm are 
required, then the track lowering will affect the subgrade, and it will be necessary to remove the 
track to permit excavation, grooming and compacting of the new subgrade surface. Cost 
estimates for track lowering are provided in Tables 6.5 and 6.6. These costs are based on 
recent similar projects undertaken in the US Northeast. 
 
Note: the pedestrian overpass at Danforth Platform is of lighter construction and has short 
approaches, therefore raising this structure is the more cost effective alternative to increase the 
clearance, at a total estimated cost of $400,000, including providing security barriers. 
 
6.6 Signal Structures 

Raising the structure is usually the most viable alternative when considering the cost and 
feasibility of achieving clearances for signal bridges and cantilevers.  As previously mentioned, 
most of these structures are already at an acceptable height, and this study has assumed that 
24 signal structures, or about one quarter of the total will require raising.  The additional 
headroom would be provided by relocating the existing units on higher concrete piers adjacent 
to the existing foundations. Protective guards would also be provided on the structures as 
additional protection for maintenance personnel, against coming in contact with the OCS. This 
will be required for all structures. Cost estimates for raising signal structures and providing 
protective guards is provided in Tables 6.7. 

6.7 Clearance Cost Assumptions 

All cost estimates use 2008 $CDN and have been prepared using the following assumptions: 
 

• all civil work, architectural, and engineering services to be carried out by third parties 

• the railway and road authorities will allow construction access at no cost to GO Transit 

• the railway to provide work trains and crews at GO Transit’s expense 

• most work to be carried out during night time hours 

• an allowance of $8,500 per structure per electrified track is included to cover security 
barriers to prevent human contact with the OCS 

• an overall allowance of $2.3M ($20K per km) is applied to account for the cost of 
relocating overhead power lines and communication cabling. More detailed site surveys 
are required to arrive at a more accurate estimate, however this amount is consistent 
with that applied in previous studies. 



 GO Transit - Lakeshore Corridor Electrification 
 Update of 2001 Addendum to 1992 Study 

   
 

PR243550.004  Page 6-6 

Table 6.5 – Clearances – Overpass Structures Unit Costs 

Method Item Units Unit
Cost

Undercut metre 244$       

Track Ballast and Alignment metre 171$       

Flagging & Misc Labour/Equipment metre 30$         

Total 445$       

Make/Cut Panels metre 6$           

Remove Panels metre 9$           

Excavate - Cut metre 149$       

Set Panels metre 9$           

Repair Missing Ties metre 20$         

Surface Track - Work Train metre 2$           

Surface Track - Ballast metre 124$       

Surface Track - Tamping metre 45$         

Weld Panels metre 80$         
Flagging & Misc Labour/Equipment metre 30$         

Total 474$       
Security Barrier Per Track 8,500$    

Undercutting

Track Removal 
(Per Track 

Meter Using 
15m Track 

Panels)

 
 
 

Table 6.6 – Clearances – Overpass Structures Total Costs 

(a) (b) (c)
(d) =

(a)x(b)x(c)
(e) = (a) x

 Unit $ (f) = (d)+(e)

Location Sub MP #
Tracks

Track
Lowering

(mm)

Track
Length

(m)
Method

Unit
Cost
(m)

Lowering
Cost
($)

Security
Barriers Total

Lakeshore East
Kingston Kingston 321.45 3 575 600 Track Removal 474$ 853,200$     25,500$ 878,700$     

Birchmount Kingston 326.60 3 200 360 Undercut 445$ 480,600$     25,500$ 506,100$     

Main Street Kingston 328.64 3 325 430 Track Removal 474$ 611,460$     25,500$ 636,960$     

Lakeshore West
Spadina Oakville 0.69 8 200 360 Undercut 445$ 1,281,600$  68,000$ 1,349,600$  

Dufferin Oakville 2.38 4 450 34,000$ 34,000$       

Dunn Oakville 2.69 4 450 34,000$ 34,000$       

Jamieson Oakville 2.85 4 150 34,000$ 34,000$       

Dowling Oakville 3.02 4 325 1525 Track Removal 474$ 2,891,400$  34,000$ 2,925,400$  

Brown's Line Oakville 9.41 3 150 310 Undercut 445$ 413,850$     25,500$ 439,350$     

Total 6,838,110$   
 

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  



 GO Transit - Lakeshore Corridor Electrification 
 Update of 2001 Addendum to 1992 Study 

   
 

PR243550.004  Page 6-7 

 
Table 6.7 – Clearances – Signal Structure Costs 

Item Man
Hrs Labour Material Labour & 

Material
Qty/
Unit

Unit 
Cost

Adj
Count* Tl Cost Qty/

Unit
Unit 
Cost

Adj
Count* Tl Cost

Flagging (Raise Structure) 50 $4,170 $4,170 1 $4,170 9 $35,512 1 $4,170 15 $64,568
Excavation/Backfill 10 $834 $834 1 $834 9 $7,102 2 $1,668 15 $25,827
Foundations 35 $2,919 $2,919 1 $2,919 9 $24,859 2 $5,838 15 $90,395
Extend Cabling 20 $1,668 $2,000 $3,668 1 $3,668 9 $31,237 1 $3,668 15 $56,795
Reposition Structure 20 $1,668 $1,668 1 $1,668 9 $14,205 1 $1,668 15 $25,827
Signal Testing 20 $1,668 $1,668 1 $1,668 9 $14,205 1 $1,668 15 $25,827
Flagging (Safety Guards) 10 $834 $834 1 $834 33 $27,522 1 $834 60 $50,040
Employee Safety Guards 15 $1,251 $4,000 $5,251 1 $5,251 33 $173,283 2 $10,502 60 $630,120

$21,012 $327,925 $30,016 $969,399
Notes:
1) 6 x 10 hour days to complete an entire cantilever structure for 2 men with 6 days of flag protection
2) Assumed charge-out labour rate of $83.40 per hour
3) No Living allowance 
4) Material charges include cable jct boxes, splice kits, cable, misc material.
   *Adjusted Counts are based on raising 24 out of a total of 93 structures = 25.8% of Total Count

Cantilever (Total Count = 33) Bridge (Total Count = 60)

Totals

 
 

 
6.8 Cost Summary 

The total cost required to achieve the required clearances for electrification is summarized in 
Table 6.8. 
 
 

Table 6.8 – Cost Summary for Electrical Clearance Program 

Item Basic Cost Ref Contingency
15%

Engineering
15%

Total
(Rounded)

Train Shed 3,840,000$    Table 6.4 576,000$       576,000$       4,990,000$    

Ped Crossing 400,000$       Paragraph 6.5 60,000$         60,000$         520,000$       

Overpass Structures 6,838,110$    Table 6.6 1,025,717$    1,025,717$    8,890,000$    

Signal Cantilevers 327,925$       Table 6.7 49,189$         49,189$         430,000$       

Signal Bridges 969,399$       Table 6.7 145,410$       145,410$       1,260,000$    

Relocate O/H Lines 2,300,000$    Paragraph 6.7 345,000$       345,000$       2,990,000$    

Total 19,080,000$   
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7. ENERGY UTILIZATION ANALYSIS 

Train Performance Calculations (TPCs) were developed to: 

• Determine electric power, electric energy and diesel fuel requirements 

• Determine journey times for trains. 
 

7.1 TRAIN Model 

The software package TRAIN developed by Hatch Mott MacDonald has been used to simulate 
the operation and power network for the Lakeshore corridor electrification study. Specific 
characteristics for locomotives and passenger rolling stock as well as those for the physical line 
are entered in order to analyze and verify the line requirements.  Route information (gradients, 
stations and speeds) traction substation / equipment characteristics, train characteristics and 
the timetable for trains in each direction are entered into the program.  Energy and power 
consumption requirements are then obtained for the corridor, for both electrical energy and 
diesel fuel operation. The simulation calculates many variables of the system including: 

• Substation bus voltages 

• Maximum and minimum voltage and current profiles at the catenary along the route 

• RMS current provided by each substation over suitable periods 

• Power supplied to the system. 

For this simulation trains were entered according to the current GO Transit timetable (refer to 
Section 4). Both the diesel and electric trains were modelled using identical schedules. Grades 
and speeds were entered according to the track diagrams provided by GO Transit. 

7.2 Locomotives/Trains Simulated 

The diesel trains modeled on the Lakeshore Line were powered by the MotivePower MP40. The 
electric train simulations were performed using a locomotive similar to the ALP-46 by Asea 
Brown Boveri (ABB, now owned by Bombardier). Characteristics of the diesel and electric 
locomotive are provided in Table 7.1. Tractive effort curves are included in Figures 7.1 and 7.2. 

7.3 Electrification System 

The +/-25 kV AC overhead catenary system consists of the +25 kV contact wire and 
accompanying messenger, and the -25 kV feeder wire that parallels the line.  Supplying the 
catenary at +25 kV and the feeder at -25 kV affords the advantages of 50 kV distribution, 
including longer distances between substations, while allowing the reduced clearance 
requirements of 25 kV distribution. 
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Table 7.1 – Locomotive Characteristics 

Characteristic Diesel Electric 

Number of Power Cars 1 1 
Power 4,000 HP 5,600 kW 
Number of Trailer Cars 12 12 
Mass of Power Car (kg) 133,809 90,000 
Mass of Each Trailer Car (kg) 64,000 64,000 
Auxiliary Power Load (W) 18,000 194,000 
Length of Train (m) 331.62 336.80 
Number of Motors in the Power Car 4 4 
Number of Motors in Series 2 Ind. Control 
Maximum Acceleration Rate (m/s2) 1.10 1.17 
Station Braking Rate (m/s2) 1.10 .75 
Regen Braking Efficiency N/A Full 
Top Speed  (kph) 150 150 

 
 

 

Motor Characteristics – Diesel Train Efficiency (%) 

Current (A) 
Tractive Effort (N) 

Train Speed (m/s) 

Figure 7.1: Diesel: Tractive Effort Curves, Current Curves, and Efficiency 
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Motor Characteristics – Electric Train

Current (A) 

Efficiency (%) Tractive Effort (N) 

Train Speed (m/s) 

Figure 7.2: Electric: Tractive Effort Curves, Current Curves, and Efficiency  
 

 
7.4 Simulation Data 

The proposed GO Transit schedule listed in Table 4.2 was used as the basis of the simulation 
for both diesel and electric operation. The simulation covered the Lakeshore line from Oshawa 
to Aldershot. In total for the weekday service up to 17 trains were included in the simulation. 

 
Train consists of one locomotive and 12 passenger cars were simulated.  The passenger cars 
were fully loaded at 64 t/car.  Both diesel and electric traction were simulated. 
 
7.5 Results of Simulations 

7.5.1 Electric Simulation 
The electrical simulation was used to verify the location and sizing of electrical substations as 
well as to ensure minimum voltage requirements for the OCS were met.   
 
High Voltage Power substations were placed according to locations as were discussed with 
Hydro One (refer to Section 8).  Paralleling and switching stations were placed according to 
electrification requirements for maintaining voltage levels. Refer to Appendix F for one-line 
diagrams of switching stations and autotransformers. Figure 7.3 illustrates simulation results 
showing expected line voltages as function of distance.  

 

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  



 GO Transit - Lakeshore Corridor Electrification 
 Update of 2001 Addendum to 1992 Study 

   
 

PR243550.004  Page 7-4 

 

Blue - Westbound)
Black - Eastbound

Aldershot Oshawa 

Figure 7.3: OCS Line Voltage Versus Distance  
 
Total weekday energy usage as determined by the simulation indicates 355.05 MWh consumed. 
A graph showing total energy consumption is provided in Figure 7.4 Based on these results 
extrapolations were also made for weekend and holiday service. 

  02:00 05:00 08:00 11:00 14:00 17:00 20:00 23:00 02:00 
    Time of Day (hour) 

Figure 7.4: Weekday Electrical Power Consumption 
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The power demand for each feeder substation was also determined as illustrated in Figure 7.5. 
for Union Station Substation.  Graphs for the other substations in Burlington and Thickson are 
provided in Appendix D. 
 

 

Sub B  (Black)
Sub A (Blue)

 

 02:00 05:00 08:00 11:00 14:00 17:00 20:00 23:00 02:00 
    Time of Day (hour) 

Figure 7.5: Union Station Substation Power Demand 
 
Contingencies were simulated by taking paralleling stations and power stations out of service, to 
ensure full operation could be maintained in the event of any power station failure. Table 7.2 
provides an example of two such scenarios. Refer to Appendix E for a review of all scenarios. 
 

Table 7.2 – Contingency Analysis 

Demand (MVA) % Rating Demand (MVA) % Rating Demand (MVA) % Rating
2 hours 4 20% X X 10.25 51%
30 Minutes 6.1 31% X X 13.25 66%
5 Minutes 10.1 51% X X 20 100%
2 hours 10 50% 10.25 51% X X
30 Minutes 13 65% 13.25 66% X X
5 Minutes 19 95% 20 100% X X
2 hours 10.1 51% 10.1 51% 10.1 51%
30 Minutes 12.5 63% 12.5 63% 12.5 63%
5 Minutes 19 95% 19 95% 19 95%
2 hours 9.25 46% 9.25 46% 9.25 46%
30 Minutes 14 70% 14 70% 14 70%
5 Minutes 19 95% 19 95% 19 95%
2 hours 9 45% 9 45% 9 45%
30 Minutes 11.9 60% 11.9 60% 11.9 60%
5 Minutes 17 85% 17 85% 17 85%
2 hours 1.1 6% 1.1 6% 1.1 6%
30 Minutes 1.5 8% 1.5 8% 1.5 8%
5 Minutes 2.25 11% 2.25 11% 2.25 11%

Lowest Voltage 
Conclusion

22533.7 V
ACCEPTABLEACCEPTABLE

22533.7 V

Scenario 2                       
(Burlington Sub B Not in Service) 

Union Station Sub A 20 MVA Cont. Rating

Substation and Transformer

Burlington Sub A 20 MVA Cont. Rating

Base Scenario Demand Interval 

Burlington Sub B 20 MVA Cont. Rating

Scenario 1                           
(Burlington Sub A Not in Service)

Union Station Sub B 20 MVA Cont. Rating

ACCEPTABLE

Pickering Station Sub B 20 MVA Cont. Rating

Pickering Station Sub A 20 MVA Cont. Rating

22533.7 V
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7.5.2 Diesel Simulation 
Energy requirements for MP40 diesel trains were determined from the simulation. A 
transmission efficiency of 88% has been used for calculating the conversion from the electrical 
generator to the diesel engine. The results, expressed in kWh as illustrated in Figure 7.6, were 
converted to equivalent litres of diesel fuel consumed.  
 

 
 

 02:00 05:00 08:00 11:00 14:00 17:00 20:00 23:00 02:00 
    Time of Day (hour) 

Figure 7.6: Diesel Locomotive Power Consumption 
 
For purposes of this study GO Transit provided fuel consumption data for the MP40, which was 
converted to consumption data expressed as litres / kwh as listed in Table 7.3. Based on this 
data, and values used in the previous studies, an average consumption value of 0.28 litres / 
kWh has been applied for this study.  
 
The weekday energy consumption as generated by the simulation model equates to 332 MWh 
electrically, which converts to 92,900 litres of diesel fuel.   
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Table 7.3 – MP-40 Locomotive Diesel Fuel Consumption 

NOTCH
BHP
Brake

Horsepower

BSFC
(lb/bhp-hr)

Fuel Rate
(lb/hr) gal / hr litres /

 kwh

 L. IDLE  9.0 2.787        25.0        3.5          1.74        
 IDLE  27.8 2.754        76.6        10.8        1.74        
 DB  46.7 2.720        126.9      17.9        1.71        
1 231.6 0.597        138.2      19.5        0.38        
2 448.7 0.442        198.4      28.0        0.28        
3 982.9 0.364        358.1      50.6        0.23        
4 1444.7 0.380        548.4      77.5        0.24        
5 1876.2 0.378        708.8      100.2      0.24        
6 2878.2 0.355        1,023.0   144.6      0.22        
7 3657.8 0.342        1,252.5   177.0      0.22        
8 4229.9 0.332        1,405.8   198.7      0.21        

Note: BSFC = Break Specific Fuel Consumption; the amount of fuel consumed divided 
by power output

 
A sample of actual diesel fuel consumption values are listed in Table 7.4. This consumption is 
based on GO Transit’s entire schedule, i.e. all corridors for its fleet of F95s. Table 7.5 lists the 
2007 total Gross Ton Mile values for all corridors, of which 75% are attributed to the Lakeshore 
corridor. It is therefore reasonable to conclude that 75% of the total weekday consumption of 
fuel, equating to 79,865 litres, are consumed on the Lakeshore corridor. 
 
The TPC simulation is based on a schedule having a 21% increase in total train miles. The 
existing F95 fleet would therefore be expected to consume 79,865 x 1.21 = 96,640 litres per 
weekday. Since the TPC simulation is based on the more fuel efficient MP40 locomotives, the 
predicted weekday consumption of 92,900 litres is reasonable.  
 
7.5.3 Weekend Consumption 
The weekend schedule was not simulated with the TPC. However, since the proposed 
weekend/holiday schedule does not change from the current schedule, the actual average 
diesel consumption will be applied, reduced by a 5% factor to represent the more fuel efficient 
MP40s. Since only the Lakeshore corridor uses a weekend/holiday schedule, the entire F95 
34,047 average weekend consumption is applied, reduced by 5% to arrive at a MP40 
consumption of 32,344 litres per day. 
 
The ratio of MP-40 weekend fuel consumption to MP-40 proposed weekday fuel consumption is 
32,344 ÷ 92,900 = 34.8%. Applying the same weekday/weekend ratio to the ALP-46 provides 
an equivalent weekend energy consumption of  355 MWh x 34.8% = 123.6 MWh. 
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Table 7.4 – Actual Diesel Fuel Consumption (2 Week Period) 
Date Weekday Litres Average

2-Mar-08 Sat 27,829
3-Mar-08 Sun 35,176 31,503
4-Mar-08 Mon 96,033
5-Mar-08  Tue 100,281
6-Mar-08 Wed 104,184
7-Mar-08 Thu 105,105
8-Mar-08 Fri 115,092 104,139
9-Mar-08 Sat 21,882

10-Mar-08 Sun 51,297 36,590
11-Mar-08 Mon 117,698
12-Mar-08 Tue 103,835
13-Mar-08  Wed 115,887
14-Mar-08 Thu 106,227
15-Mar-08 Fri 100,526 108,835

106,487
34,047

Weekday Avg.
Weekend Avg.  

 
Table 7.5 – GO Transit 2007 Gross Ton Miles 

Subdivision 2007 GTMs
Oakville (Lakeshore) 518,273,714
Kingston (Lakeshore) 275,925,755
Weston 61,400,004
Halton 19,008,522
Newmarket 11,516,009
Bala 52,248,740
Galt (4.8 to 39.2) 54,137,281
Hamilton 6,003,365
GO Sub (Lakeshore) 143,149,818
Uxbridge 31,024,098
Newmarket (13.02 TO 42.28) 61,765,715
Galt ( 1.1 to 4.8) 7,501,054

Total All Subs 1,241,954,076
Total Lakeshore Corridor 937,349,287

% Lakeshore Corridor 75%  
 

7.5.4 Extrapolated Consist Consumption 
The TPC outputs are also extrapolated for future growth as previously mentioned. It is difficult to 
accurately predict the fuel consumption of each additional consist, since it depends on what 
schedule each will run on, and for how long each day. 

For purposes of this study, the total weekday fuel consumption is divided by the count of 
modeled consists (17) to arrive at an average weekday consumption rate per additional consist. 
It is also assumed that the additional consists will not operate on weekends. 

Note – the annual fuel consumption is based on 10 holidays per calendar year and is calculated 
as [weekday consumption x ((52.2 x 5) – 10))] + [weekend consumption x ((52.2 x 2) + 10))]. 
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Table 7.6 – Annual Fuel Consumption and Extrapolated Fuel Consumption per Consist 

Weekday Weekend Annual Weekday Weekend Annual

17 peak, 10 avg 355.0       123.6      103,245     92.9           32.3        27,018         

Delta Consist
(Weekday) 20.9         5,241         5.5             1,372           

# Consists Electric (MWh) Diesel (k Litres)

 
 
 

7.5.5 Summary of Results 
The results of the simulation may be summarized as follows: 

• The simulation is based on a schedule having a 21% increase in total train miles 
for weekday service.  Weekend / holiday service has not changed.  

• The weekday energy usage for electric locomotive trains has been simulated to be  
about 355 MWh.  Weekend / holiday daily usage has been extrapolated to be 124 
MWh.  

• The weekday energy usage for diesel locomotive trains has been simulated to be 
about 332 kWh converting to 92,900 litres of diesel fuel.  This is comparable to the 
existing, less efficient F95 diesel fleet operation and with the increased train miles. 

• Trackside substations were simulated in Burlington, east of downtown Toronto 
near the Don Yard and in Oshawa. Subsequent discussions with Hydro One 
identified alternate substation locations. However, these new locations would have 
little effect on the simulation results.  

• Substations were simulated using 2 x 20 MVA transformers. Simulation results 
confirm that all capacity requirements are within the transformer overload 
capabilities. 

• Electric locomotives have minimum voltage requirements of 20,000 V under normal 
operation and 17,500 V under contingency operation.  Simulation results confirm 
minimum voltage levels are maintained for all designed contingency scenarios. 
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8. ELECTRIFICATION  

8.1 Overview 

The 1992 Study recommended a +/- 25 kV AC overhead catenary system for electrification of 
the GO Transit Lakeshore Corridor.  The 2001 report concluded that this recommendation was 
still valid, but required confirmation through a detailed feasibility analysis at the next stage of the 
project. The design and installation of +/- 25 kV AC systems have been operationally proven 
throughout Europe and the USA, and this concept has been retained as the basis of this study. 

The +/- 25 kV AC overhead catenary system consists of the +25 kV contact wire and 
accompanying messenger, and the –25 kV feeder wire that parallels the line.  Supplying the 
catenary at +25 kV and the feeder at –25 kV provides the advantages of 50 kV distribution, 
including longer distances between substations, while allowing the reduced clearance 
requirements of 25 kV distribution.   

Main power stations, supplied at high voltage levels by Hydro One, are located near either end 
of the line as well as a centrally located one. These stations house the main transformers, 
switchgear and related electrical equipment needed to power the electric locomotives.  Midway 
between these power stations are switching stations.  These stations, are not connected to the 
Hydro One grid, but allow for sectioning of the GO Transit overhead catenary system under 
contingency conditions such as maintenance, electrical disturbance (outage) or line incident 
situations.   

Should a power station be out of service for any reason appropriate switchgear can be closed 
which would allow the line to be operated from the next adjacent power station.  Auto-
transformer stations are located approximately 10 km apart along the line.  These transformers 
help to maintain voltage levels along the catenary and at the same time allow for the added 
benefit of helping to reduce the detrimental effects of electromagnetic interference and stray 
current.  

Figure 8.1 is a single line diagram representation of the proposed system.  

8.2 Overhead Catenary System (OCS) 

The OCS that will be adopted for supplying power to the train via a pantograph mounted on the 
roof of the electric locomotives is a simple catenary system with auto-tensioned design. The 
proposed Bill of Material is similar to systems recently commissioned in Hong Kong, New 
Zealand, and India. The system has also been used in the US northeast (New York and 
Massachusetts), with winter climatic extremes which are similar to Toronto’s.  
 
In general, individual steel poles with concrete foundations will be erected within the right-of-way 
and on the field side of the tracks. Simple cantilever construction supported from the poles is 
connected together by the messenger and contact wires, which in turn are supported by vertical 
droppers.  
 
For four or more tracks location with insufficient space between tracks, portal structure is 
proposed for supporting the OCS. Head spans will be used for three track locations and may 
also be used at stations where pole installation may not be feasible. To reduce costs, it may 
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also be feasible at some three track locations to extend one set of cantilevers to support the 
OCS for the middle track. 
 
Further detailed engineering is required to determine how best to provide an overhead power 
system within USRC. For purposes of this study, a 30% premium over the cost of a 
conventional cantilever solution is applied for the 13.63 track miles within USRC for an 
equivalent cantilever distance of 17.72 miles. 
 
Equivalent OCS distance, including Union Station, Don Yard, Bathurst Yard and Willowbrook 
Yard, are 228.56 single track miles or 365.70 single track km, representing a 42% increase in 
track miles from the 2001 study. Calculations of OCS distances are shown in Table 8.1, and 
track diagrams (showing electrified tracks highlighted in green) are included in Appendix I. 
 
 

Table 8.1 – Calculation of OCS Distances 
(Page 1 of 2) 

Canti-
Lever

Head
Span Portal

GO Sub
EOT Oshawa 11.68    11.60    0.08        2 0.16      0.16 0.16 0.00 0.00
Oshawa North 11.60    10.70    0.90        2 1.80      1.80 1.80 0.00 0.00
Thickson 10.70    8.90      1.80        2 3.60      2 3.63 3.63 0.00 0.00
Whitby North 8.90      8.50      0.40        2 0.80      2 0.83 0.83 0.00 0.00
Henry 8.50      3.90      4.60        2 9.20      0.48 9.68 9.68 0.00 0.00
Harwood 3.90      3.50      0.40        2 0.80      2 0.83 0.83 0.00 0.00
Ajax North 3.50      1.00      2.50        2 5.00      5.00 5.00 0.00 0.00
Pickering North 1.00      0.80      0.20        2 0.40      0.40 0.40 0.00 0.00
Bayly 0.80      -       0.80        2 1.60      2 1.63 1.63 0.00 0.00

23.36  0.14 0.48 23.97 23.97 0.00 0.00
Kingston Sub
Pickering South 312.90 314.00 1.10        2 2.20      2 0.56 2.79 2.79 0.00 0.00
Durham Jct 314.00 317.30 3.30        2 6.60      2 6.63 6.63 0.00 0.00
Rouge Hill 317.30 320.65 3.35        2 6.70      6.70 6.70 0.00 0.00
Poplar Road 320.65 321.20 0.55        3 1.65      3 1.70 0.00 0.60 0.00
Guildwood 321.20 323.20 2.00        3 6.00      6.00 0.00 2.00 0.00
Eglington 323.20 325.56 2.36        3 7.08      7.08 0.00 2.36 0.00
Scarborough Jct 325.56 329.10 3.54        3 10.62    5 10.71 0.00 3.63 0.00
Danforth 329.10 332.40 3.30        3 9.90      4 9.97 0.00 3.37 0.00

50.75  0.27 0.56 51.58 16.12 11.95 0.00
Union Station
USRC East Limit 332.40 333.32 0.92        4 3.68      3.68 0.00 0.00 0.92
Union Station 13.63    13.63 17.72 0.00 0.00
USRC West Limit 0.47      1.20      0.73        4 2.92      2.92 0.00 0.00 0.73

20.23  0.00 0.00 20.23 17.72 0.00 1.65
Oakville - Kingston Connecting Tracks
Jarvis Street 333.32 333.80 0.48        2 0.96      2 0.99 0.99 0.00 0.00
Union Station -       1.53      1.53        2 3.06      2 3.09 3.09 0.00 0.00

4.02    0.07 0.00 4.09 4.09 0.00 0.00
Note 1: 90' Equivalent Track Distance Added per Crossover

Kingston Sub Total Miles

Union Station Total Miles

Oakville - Kingston Connecting Tracks Total Miles

Separate Calculation - See Table 5.3

Structure MilesOCS
Wire
Miles

GO Sub Total Miles

 Other
Track
Miles 

# 
Xovers

Note 1

 Track
Miles 

# 
Electrified

Tracks

 Track
Distance
(Miles) 

 To
MP 

 From
 MP 
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Table 8.1 – Calculation of OCS Distances 
(Page 2 of 2) 

Canti-
Lever

Head
Span Portal

Oakville Sub (A2, A3, D1 and D2)
USRC West Limit 1.20      1.57      0.37        4 1.48      2 1.51 0.00 0.00 0.37
Fort York 1.57      1.80      0.23        4 0.92      5 1.01 0.00 0.00 0.23
Dufferin 1.80      2.50      0.70        4 2.80      2 2.83 0.00 0.00 0.70
Mimico East 2.50      6.20      3.70        4 14.80    7 14.92 0.00 0.00 3.70
Canpa 6.20      8.40      2.20        3 6.60      4 6.67 0.00 2.27 0.00
Long Branch 8.40      9.60      1.20        3 3.60      3.60 0.00 1.20 0.00
Port Credit 9.60      12.80    3.20        3 9.60      4 9.67 0.00 3.27 0.00
Park Royal 12.80    17.60    4.80        3 14.40    2 14.43 0.00 4.83 0.00
9th Line 17.60    19.30    1.70        3 5.10      2 5.13 0.00 1.73 0.00
Oakville 19.30    20.60    1.30        3 3.90      5 3.99 0.00 1.39 0.00
Oakville Yard 20.60    21.40    0.80        4 3.20      3.20 0.00 0.00 0.80
Kerr Street 21.40    22.10    0.70        3 2.10      4 2.17 0.00 0.77 0.00
Burloak 22.10    27.10    5.00        3 15.00    4 15.07 0.00 5.07 0.00
Burlington East 27.10    30.50    3.40        3 10.20    4 10.27 0.00 3.47 0.00
Burlington West 30.50    32.20    1.70        3 5.10      6 5.20 0.00 1.80 0.00
Aldershot East 32.20    34.90    2.70        3 8.10      2 8.13 0.00 2.73 0.00
Aldershot 34.34    34.75    0.41        1 -       0.41 0.41 0.41 0.00 0.41

106.90 0.90 0.41 108.21 0.41 28.53 6.21
Don Yard
Pullback Track 331.73 332.40 0.67        1 0.67      0.67 0.67 0.00 0.00
6 Sidings 332.40 333.66 1.26        6 7.56      7.56 0.00 0.00 1.26
4 Sidings 332.40 333.66 0.63        4 2.52      2.52 0.00 0.00 0.63

10.75  0.00 0.00 10.75 0.67 0.00 1.89
Willowbrook Yard
Willowbrook Lead 6.54      8.44      0.95        1 0.95      0.95 0.95 0.00 0.00
6 Sidings 1.26        6 7.56      7.56 0.00 0.00 1.26

8.51    0.00 0.00 8.51 0.95 0.00 1.26
Bathurst Yard
4 Sidings 0.31        4 1.22 1.22 0.00 0.00 0.31

1.22    0.00 0.00 1.22 0.00 0.00 0.31

228.56 63.9 40.5 11.3
Note 1: 90' Equivalent Track Distance Added per Crossover 365.70 102.3 64.8 18.1

Structure MilesOCS
Wire
Miles

Total Miles
Total Kilometers

 Other
Track
Miles 

# 
Xovers

Note 1

 Track
Miles 

# 
Electrified

Tracks

 Track
Distance
(Miles) 

 To
MP 

 From
 MP 

Don Yard Total Miles

Willowbrook Yard Total Miles

Bathurst Yard Total Miles

Oakville Sub Total Miles

 

8.2.1 Methodology 
The 2001 Electrification Study was estimated on the premise that some OCS material (including 
the copper contact wire, copper messenger wire, and ACSR feeder and ground wire) would  
become surplus and available at reduced cost. This material had been in service on the BC Rail 
OCS system, and the proposed Bill of Material was built consistent with that system to take 
advantage of these savings. Since this surplus material is no longer available, all OCS materials 
are priced new, and a more updated Bill of Material is used for purposes of estimating the cost 
of the system. 
 
Construction labour costs are calculated as a percentage of materials. Consistent with industry 
experience, the normal (non-track time) construction rate is calculated as 45% of bare material 
costs. For construction activities which require track time, a rate of 120% of bare materials is 
applied to reflect the lower productivity created by the limited availability of track work blocks. 

The complete BOM is included in Appendix B.  
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8.2.2 Price Review of OCS Parts  
This price review was conducted by assigning most recent pricing to each item on the proposed 
Bill of Materials. Cantilever, headspan and portal assemblies were individually priced based on 
their respective BOMs. Approximately 102.3 km of cantilevers, 64.8 km of headspans, and 18.1 
km of portals are required, all separated by 70m spans. 
 
The costs of the cabling, messenger, return and ground wire, tensioning and sectionalizing 
materials, and ancillary materials such as track bonding and surge arrestors, is tabulated for the 
equivalent of 365.7 km of track distances.  
 
Details of the OCS cost estimate may be found in Appendix B. The total OCS cost estimate is 
summarized in Table 8.2, which includes the estimated annual maintenance cost (@ 2% cost). 
 

Table 8.2 – Total OCS Cost Estimate 

Material Installation Sub-Total  Engineering
(15%) 

 Contingency
(15%) 

 Total ($)

$ x 1000

365.7 $43,071 $38,239 $81,310 $12,196 $12,196 $105,703

Annual OCS Maintenance @  2% Total Cost = $2,114,060

$ x 1000

Single
Track

km

 
Table 8.3 compares the total OCS cost estimates against those from the previous electrification 
studies. All dollars are adjusted to 2008 dollars and totals have been normalized to the latest 
2008 track totals to allow a direct comparison to be made. The $6.3M apparent escalation 
between 2001 and 2008 can be attributed to the lost saving opportunity from re-use of surplus 
OCS equipment that was proposed in 2001. 
 

Table 8.3 – Comparison of OCS Cost Estimate vs. Prior Electrification Studies 

Sub-Total  Normalized
to 365.7 km 

 Equivalent
2008 $CDN 

 Engineering
(15%) 

 Contingency
(15%)  Total ($) 

$ x 1000

1992 431.0 $53,099 $45,055 $72,299 $10,845 $10,845 $93,989

2001 257.6 $49,497 $70,269 $86,421 Included $12,963 $99,384

2008 366.4 $81,310 $81,310 $81,310 $12,196 $12,196 $105,703

$ x 1000
Year

Single
Track

km

 
 
 
8.3 Power Supply to the OCS 

Figure 8.1 shows the single line diagram of the proposed +/- 25 kV traction power supply 
system. The system consists of three in-feed substations separately located in Thickson, 
Toronto, and Burlington, each equipped with two phase high voltage connections and switches 
at either 230 kV or 115 kV, depending on Hydro One availability, two 20 MVA transformers and 
25 kV indoor substation. The 25 kV track feeders will be connected from the 25 kV substations 
to the overhead catenary system via cable connections.  
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Two switching substations are proposed between the three in-feed substations to facilitate 
sectionalizing the OCS for operational purposes. These two switching substations will be 
equipped with two 50 kV 10 MVA autotransformers each with centre terminal for grounding and 
connecting to the running rails. In addition, eight (8) parallel substations, each equipped with 
one 50 kV 10 MVA autotransformer, are proposed at specific locations selected for optimization 
of current distribution and hence the line losses.   
 
8.3.1 Capacity and Location of In-feed Substations 
The capacity of the in-feed substations has been modeled based on 2 x 20 MVA feeders. The 
TRAIN simulation indicates this capacity is sufficient to supply the load under normal and 
contingency conditions. 
 
Based on preliminary discussions with Hydro One, proposed locations for in-feed substations 
had been selected at Thickson (East), Don Yard (Central), and at Burlington (West) as 
illustrated in Figure 8.1. All TCP simulations were run using these in-feed locations to ensure 
sufficient power to the load could be supplied, meeting the basic criteria of maintaining full 
supply to the system with any one substation out-of-service. 

 
Figure 8.1: Single Line Diagram of Proposed Traction Power System 
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8.3.2 High Voltage Supply to Power Stations 
Subsequent discussions with Hydro One revealed that the required capacity at Don Yard and 
Thickson could not be economically provided. Alternative locations have been considered and 
capacity and connectivity planning reviews conducted in concert with Hydro One.  
 

• Don Yard: As alternatives, Hydro One suggests connecting via either Toronto Hearn, 
Horner or Warden Stations.  For the Hearn location, when Portland generation is running 
it will have sufficient capacity and fault level to connect loads of the size proposed; 
however, with respect to real estate, there is no space for an additional station or power 
quality equipment on-site, thus 115 kV cable would need to be provided to the offsite GO 
in-feed substation.   

 
Another alternative for downtown (Islington) is Horner TS, near Kipling Ave, which is 
1500 m away from the tracks at the west end of Willowbrook Yard. It has space and line 
connection capacity for the additional station. A site near Warden TS (near Warden & St 
Clair) may be a feasible alternative as well. 

 
• Thickson: With respect to the Thickson site, Hydro One suggests supplying the Oshawa 

end from 230kV facilities that cross the GO tracks near Brock road in Pickering or back 
to Hydro One’s Cherrywood station.  These lines and station will have capacity; 
however, the impact on Pickering nuclear facility reliability/performance has to be 
reviewed. Real estate rights are also an issue for this connection location. 

 
• Burlington: Connection at Cumberland TS in Burlington, situated just north of the track, 

appears to be clear cut with capacity and room for substation installation available within 
the TS. Hydro One advised that there is room to fit all equipment required inside the TS, 
and 25 kV cable connection to the OCS is rather straight forward. 

 
Although two of these proposed in-feed locations are situated some distance from the locations 
originally selected for the TPC calculations, their effects on the accuracy of the modelled results 
are minimal.  
 
During the initial planning stage, any possible impacts on Hydro One’s system, such as short 
circuit level, voltage compatibility, transformers rating and losses, and harmonics will be 
assessed under the Hydro One Connection Impact Assessment for the proposed new 
substations. Upon successful completion of Hydro One’s assessment, a process for obtaining 
Connection Assessment and Approval (CAA) from IESO must be followed. As the time required 
for these assessments is quite lengthy, it is recommended that GO Transit initiate the Hydro 
One Impact Assessment and thereafter the CAA application early in its planning schedule. 
 
Hydro One is able to build, own, operate and maintain the station facilities on behalf of GO 
Transit. The earliest in-service year for these facilities may be assumed to be 2012. The 
transformers required for these connections are considered to be specialty transformers 
requiring a three year lead time. The 2012 in-service year is predicated on the assumption that 
Hydro One will be issued property to construct the stations that are technically acceptable and 
not archeologically significant. The project requires Environmental Approval, possible Ontario 
Energy Board (Section 92 – Leave to Construct) approval and other project permits as 
applicable.  Hydro One would also expect GO Transit to agree to a cost recovery agreement. 
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8.3.3 Cost of In-feed Substations 
A breakdown of the material and installation costs for the in-feed locations is provided in 
Appendix C. Total estimated costs of the in-feed substations, including HV connection to Hydro 
One, are shown in Table 8.4. These estimates have also been reviewed with Hydro One.  
 

Table 8.4 – In-feed Substation Estimated Costs 

Material Installation  HV 
Connection  Total ($) 

7,969,400$      3,586,230$      6,500,000$      18,055,630$    

7,519,400$      3,383,730$      5,500,000$      16,403,130$    

7,969,400$      3,586,230$      3,000,000$      14,555,630$    

23,458,200$    10,556,190$    15,000,000$    49,014,390$    Total

In-Feed Location

Thickson (Pickering TS) Substation

Downtown (Hearn TS) Substation

Burlington (Cumberland TS) Substation

 

8.3.4 Cost of Switching Substations 
Two switching substations are proposed between the three in-feed substations to facilitate 
sectionalizing the OCS for operational purposes. A breakdown of the material and installation 
costs for the in-feed locations is provided in Appendix C with totals provided in Table 8.5. 
 

Table 8.5 – Switching Substation Estimated Costs 

Material Installation  Total ($) 

Quantity (2) 4,903,600$      2,206,620$      7,110,220$      

4,903,600$      2,206,620$      7,110,220$      Total

Switching Stations

 

8.3.5 Cost of Autotransformer Substations 
Eight parallel substations, each equipped with one 50 kV 10 MVA autotransformer, are 
proposed at specific locations selected for optimization of current distribution and hence the line 
losses. A breakdown of the material and installation costs for the in-feed locations is provided in 
Appendix C with totals provided in Table 8.6. 
 

Table 8.6 – Autotransformer Substation Estimated Costs 

Material Installation  Total ($) 

Quantity (8) 8,133,200$      3,659,940$      11,793,140$    

8,133,200$      3,659,940$      11,793,140$    Total

Auto-Transformers
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8.3.6 Total Power Supply Costs 
The total power supply costs are summarized in Table 8.7. The engineering component applied 
in this case is 7.5% (as compared to the 15% value used consistently throughout this report) 
since power station equipment is more expensive relative to the specific engineering required 
for its application. This table also includes the estimated annual maintenance cost (@ 2% total 
costs). 
 

Table 8.7 – Power Supply Estimated Costs 

Facility Ref

In-Feed 
Subtations (3)

Table 8.4  $     49,014,390  $    3,676,079  $         7,352,159  $      60,042,628 

Switching 
Substations (2)

Table 8.5  $       7,110,220  $       533,267  $         1,066,533  $        8,710,020 

Autotransformer 
Substations (8)

Table 8.6  $     11,793,140  $       884,486  $         1,768,971  $      14,446,597 

Total  $     67,917,750  $    5,093,831  $       10,187,663  $      83,199,244 

$1,663,985Annual Power Supply Maintenance @  2% Total Cost =

Total ($)Engineering
(7.5%)Subtotal Contingency

(15%)

 

A comparison of the total power supply costs with those of previous studies is listed in Table 
8.8. In constant 2008 dollars, the current cost estimates are 13% higher than the 2001 
estimates and 237% higher than the 1992 estimates. 

8.3.6.1 2008 vs. 2001 Power Supply Costs 

Several observations can be made in regards to the 2008 vs. 2001 breakdown: 

 The 2008 BOM identifies more equipment within the in-feed station breakdown whereas 
the 2001 study assumed this equipment would be included in the HV connection 
charges. 

 The 2008 study includes $7M of switching station equipment not included in previous 
studies. This is equipment is used to facilitate sectionalizing the OCS for operational 
purposes, and is warranted given the service level expectations of GO Transit. 

 The Autotransformer costs are almost double (in real terms) from the 2001 estimate. The 
major delta cost driver in the current BOM is the 25 kV GIS switchgear, accounting for 
over 40% of the overall autotransformer costs.  

 The 2008 overall contingencies are higher, however these are warranted given the 
Hydro One capacity and harmonic issues identified in Section 8.3.2. 

Table 8.8 – Comparison of Power Supply Cost Estimates vs. Prior Electrification Studies 

Year  In-Feed
Stations 

 HV 
Connection 

 Switching
Stations 

 AT
Transformers  Engineering  Contingency  Total ($)  Equivalent

2008 $CDN 

1992 12,576,000$    N/A N/A 2,844,603$      2,313,090$      3,855,151$      21,588,844$    34,643,757$    

2001 $12,561,000 35,000,000$    N/A 4,950,000$      2,626,650$      4,377,750$      59,515,400$    73,196,435$    

2008 34,014,390$    15,000,000$    7,110,220$      11,793,140$    5,093,831$      10,187,663$    83,199,244$    83,199,244$    
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8.3.6.2 2008 vs. 1992 Power Supply Costs 

Several observations can be made in regards to the 2008 vs. 1992 breakdown: 

 The 1992 study paragraph 9.6.3 made mention that the “connection charge” did not 
include utility costs for necessary switchgear, busbars and control apparatus, therefore 
no equivalent “HV Connection” costs were quantified. 

 The same comments are true in regards to switching station and autotransformer costs 
as apply to the 2008 vs. 2001 comparisons. 

 
8.3.7 Electricity Costs 
Ontario Energy Board (OEB) regulates the prices of electricity in Ontario through the 
establishment of the Independent Electricity System Operator (IESO) for the wholesale 
electricity market. Hydro One is responsible for the delivery of electricity from the transmission 
networks to Market Participants (MP) such as GO Transit.     

Electricity cost to GO Transit comprises two major components, namely delivery and energy 
charges. Hydro One will charge a monthly delivery charge and line connection charge of $2.83 
and $0.82 per kW respectively, which is based on the maximum demand in kW of the in-feed 
substations. The energy charge by IESO is based on the Hourly Ontario Electricity Prices 
(HOEP) which are average energy prices during the On-peak and Off-peak period. The On-
peak hours are between 0800 and 2300 hours, Monday to Friday and the Off-peak hours are all 
remaining hours in the week.  

Historical monthly average prices on energy published by IESO since 2002 are provided in 
Table 8.9 for reference. 

Table 8.9 – Historical Monthly Average ( ¢ / kWh) 
Year Average Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2008 4.25 4.25 5.44                      

2007 5.05 4.62 6.08 5.69 4.80 4.11 4.80 4.72 5.73 4.76 5.12 4.85 5.18 

2006 4.88 5.71 4.90 5.01 4.54 4.96 4.82 5.43 5.67 3.68 4.17 5.14 4.17 

2005 7.21 5.98 5.05 6.10 6.36 5.47 7.12 8.20 9.52 9.97 8.02 6.07 8.39 

2004 5.22 6.95 5.43 5.02 4.73 5.05 4.94 4.78 4.55 5.13 5.04 5.38 5.28 

2003 5.76 6.23 8.86 8.48 6.16 4.51 4.53 4.27 5.15 5.05 5.90 4.19 4.68 

2002 5.59 - - - - 3.00 3.71 6.20 6.94 8.31 5.09 5.12 5.93 

 

In addition, the all-in wholesale electricity prices for Ontario between 2002 and 2006, which 
contains all other hidden charges, are tabulated  in Table 8.10 for reference. For purposes of 
this study, a mean value over the past 6 years’ average energy price of 5.05 cents per kWh or 
$56.18 per MWh is used for estimating the all-in costs for 2007. With all other charges factored 
in with discretions, the 2007 all-in wholesale electricity cost is estimated to be $74.96 per MWh. 
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Table 8.10 – Historical All-In Costs ( $ / MWh) 

Component 2002 2003 2004 2005 2006 2007
Wholesale Electricity Price 55.89 57.09 52.21 72.14 48.75 50.50
Global Adjustment n/a n/a n/a -7.48 4.37 4.37
OPG Rebate -12.41 -8.35 -6.85 -6.67 -1.08 -1.00
Congestion Management Settlement Credit 1.70 0.76 0.60 1.47 0.80 1.07
Intertie Offer Guarantee 2.11 0.34 0.30 0.53 0.22 0.70
Transmission Losses & Oper. Rev. Charges 1.73 1.44 1.67 1.87 1.18 1.58
Transmission Charges 8.77 8.36 8.12 8.17 8.24 8.33
Black Start, Voltage Support, Regulation 0.18 0.45 0.52 0.50 0.89 0.51
Debt Retirement Charge 7.00 7.00 7.00 7.00 7.00 7.00
IESO Fee 0.96 0.96 0.96 0.96 0.91 0.91
Rural Remote Charge 1.00 1.00 1.00 1.00 1.00 1.00
All-in Wholesale Electricity Cost 66.93 69.05 65.53 79.49 72.28 74.96

Year

 

8.4 SCADA 

A SCADA (Supervisory, Control and Data Acquisition) system should be included to provide 
remote power usage and condition monitoring as well as to initiate rapid remote sectionalization 
when responding to system outages.  

A budgetary amount of $1.2M is included to provide basic SCADA for control and monitoring of 
the 3 in-feed substations, AT substations and switching substations, as well as telemetering of 
all Hydro in-feeds. 
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9. SIGNALLING AND COMMUNICATIONS 

9.1 Introduction 

Railway signalling ensures the safety of routes for trains and engines. Typically, a wayside 
signal is comprised of a mechanical or electrical device erected beside the track to pass visual 
information relating to the state of the line ahead to the train engineman, who interprets the 
signal's indication and acts accordingly. A signal might inform of the speed at which the train 
may safely proceed, or it may instruct the engineman to stop. The signal system checks for all 
track conditions, such as switches properly lined, opposing routes at stop, and broken rail 
checks. 
 
The foundation of almost any signal system is the electrical track circuit. The signal system can 
precisely locate each train because the track route is divided up by track sections, each 
representing a track length of between a few hundred feet to several miles. Separation of track 
circuits is provided by the use of insulated rail joints. 
 
In order for the traction power return circuits in the rails to be maintained without interfering with 
the operation of the signal system, the two systems need to be immunized from each other. 
When DC electric traction was first introduced, track circuits were converted to AC operation. 
When AC traction power was introduced, AC track circuits were converted to a different 
frequency to provide immunity from the traction frequency. However, the use of insulated track 
joints meant that the rails could not be used for the return of the traction current to the 
substation. 
 
This led to the development of impedance bonds which connect to the track rails across the 
insulated joints. An impedance bond is an electrical device that allows the traction current to 
pass through the insulated joint while effectively keeping the track circuits isolated. Various 
kinds of impedance bonds exist, depending upon whether the traction power is AC or DC, the 
traction voltage, and the operation frequency of the track circuits.  
 
9.2 Proposed Signal Modifications 

By the end of 2009, approximately 65% of the Lakeshore corridor will still be equipped with 
legacy signal systems, made up of DC track circuits and electro-mechanical relay interlockings. 
The remaining 35% will be comprised of vital processor based interlockings with electronic DC 
coded track circuits.   
 
Immunization of the legacy systems is possible by replacing existing DC track circuits with 
electronic AC circuits known as Phase Shift Overlay (PSO) circuits. However, this requires 
significant additional rack space which is not readily available in most of the old buildings which 
house this legacy equipment. In addition, there is significant risk to the integrity of the signal 
plant each time wiring changes are made to accommodate these types of changes. CN has 
adopted a policy whereby significant wiring changes of the scope proposed here will no longer 
be performed except in very exceptional circumstances, effectively eliminating this option. All 
legacy signal systems will need to be upgraded with vital processor based interlockings before 
the track circuits can be effectively immunized.   
 
Immunization of electronic DC coded track circuits has its own problems, on account these 
systems transmit additional information (i.e. adjacent and advance block information) through 
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the track circuit. One approach that has been used elsewhere successfully is to modulate the 
electronic coded track circuit with an AC carrier frequency, and isolate this frequency from the 
traction AC with impedance bonds. However this method can introduce complications when 
repeater locations are required, and can be prone to unpredictable behaviour when the 
condition of insulated joints become degraded. 
 
An alternate approach is to replace the electronic coded track circuits with PSO circuits and 
route the adjacent and advance block information through an alternate communication channel. 
Figure 9.1 illustrates a typical signal layout for a 3-4 mile section of corridor. The proposed 
alternate communication channel is illustrated by the FOTS (Fibre Optic Transmission System) 
shown extending between interlocking and intermediate locations.  
        
Existing insulated joint locations i.e. interlocking and signal intermediate locations, would be 
fitted with impedance bonds with double rail bonding. PSO track circuits are not capable of 
extending as far as electronic DC coded circuits, so a provision is made to include PSO 
repeater locations, which would use staggered frequencies in either direction to repeat or 
tumble down the occupancy condition of the block. No impedance bonds would be required at 
these locations on account there is no need to keep the staggered frequencies isolated from 
each other. 
 

 
Figure 9.1: Typical Lakeshore Signal Layout 

 
Inset 1 (Figure 9.2) provides the detail for a typical repeater location equipped with insulated 
joints. The PSO track circuits on either side of the insulated joint are kept isolated by the 
impedance bond while traction return current is allowed to flow from one side of the joint to the 
other. 
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Figure 9.2: PSO Track Circuit Repeater Location with Insulated Joints 

 
Inset 2 (Figure 9.3) provides the detail for a typical intermediate location. In this instance, the 
FOTS communication channel is shown extending to the location since the track circuits can no 
longer provide advance block information to/from the adjacent locations. 

 
Figure 9.3: PSO Intermediate Location 

 
Inset 3 (Figure 9.4) provides the detail for a typical repeater location equipped without insulated 
joints. In this case, the PSO track circuits on either side would use staggered frequencies in 
either direction to repeat or tumble down the occupancy condition of the block. 
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Figure 9.4: PSO Track Circuit Repeater Location without Insulated Joints 

 
Inset 4 (Figure 9.5) provides the detail for a typical interlocking location. The FOTS 
communication channel is shown extending to the location since the track circuits can no longer 
provide advance block information to/from the adjacent locations. Impedance bonds are also 
shown on the diverging tracks to conduct traction return current from the locomotive while it 
occupies the divergent track. 

 
Figure 9.5: PSO Interlocking Location 

 
 
9.3 Road Crossing Warning Systems 

Road crossing warning systems are designed to warn roadway traffic of approaching trains and 
discourage drivers from violating railroad crossing traffic controls. There are two major 
categories of warning systems; 1) conventional warning systems, and 2) crossing predictor 
systems. All road crossing warning systems are designed to provide an absolute minimum 20 
seconds warning time. A total of 12 crossing predictors and 9 conventional crossing warning 
systems exist on the Lakeshore corridor as listed in Table 9.1. 
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Conventional warning systems typically use DC approach track circuits of a specified length 
which activate once a train has occupied the approach track. Because the approach circuit is of 
a fixed length, the duration that the crossing stays activated will vary depending on the train 
speed. This style of warning system works best for areas where train speeds remain consistent 
for all trains. Conventional warning systems can be made to be immune from AC traction power 
interference by converting the DC track circuits to PSO circuits, and applying impedance bonds. 
However, performing changes of this magnitude usually precipitates a Regulatory review of the 
crossing safety. It is unlikely that the Regulator would allow this style of crossing to continue to 
operate at a location where train speeds vary as much as they currently do. In all likelihood, 
replacement of the crossing system with a predictor system would be mandated. 
 
Predictor systems can calculate the speed of an approaching train by measuring the rate of 
change of the impedance of the approach track circuit. Once the speed is known, the system 
can predict when to activate the warning lights so as to provide a uniform warning time for all 
train speeds. This style of warning system is used when there is a wide variation of train speeds 
known to operate over the crossing. For example, if 90 mph passenger trains operate over the 
same crossing that 30 mph freight trains run, a conventional crossing warning system, which 
must provide 20 seconds warning time for the fastest train, would by design activate for 60 
seconds before arrival of the freight train, which is considered undesirable since it encourages 
traffic violations. The crossing predictor system, on the other hand, would provide the 20 
seconds warning for both trains. 
 

Table 9.1 – Summary of Road Crossing Warning Systems 

GO Sub
South Blair St 9.63      2 Predictor
Kingston Sub
Rodd Ave 315.95 2 Predictor
Chesterton Road Ave 317.20 2 Predictor
Beechgrove Drive 318.88 2 Conventional
Manse Road 319.90 2 Conventional
Morningside Ave 320.41 2 Predictor
Poplar Road 320.65 2 Predictor
Galloway Road 320.95 3 Predictor
Scarborough Golf Club Road 321.97 3 Predictor
Oakville Sub 
Haig Blvd 10.59    3 Conventional
Ogden Ave 10.84    3 Conventional
Alexandra 11.03    3 Conventional
Revus Ave 12.02    4 Conventional
Stavebank Road 13.10    3 Conventional
Lorne Park Road 15.06    2 Conventional
Clarkson Road 16.09    3 Conventional
Chartwell Road 20.56    5 Predictor
Kerr Street 21.97    2 Predictor
4th Line Road 23.13    3 Predictor
Burloak Road 26.98    3 Predictor
King Road 33.31    4 Predictor

 MP Crossing Type# Electrified
TracksCrossing Location

 
 
 
Unfortunately, crossing predictor systems have yet to be successfully operated in electrified 
territory. There are two technical hurdles to overcome; 1) AC interference and 2) detecting 
impedance changes beyond impedance bonds. AC interference exists when a rail to rail voltage 
differential of greater than 5 V p-p exists. This can occur when an impedance imbalance causes 
more current to flow through one rail than the other. Mitigation techniques do exist but they tend 
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to be site specific, requiring detailed field measurements and engineering, and they have yet to 
be reliably proven in AC traction systems. 
 
The problem presented by impedance bonds, and the inability to detect changing rail 
impedances beyond them, poses the greater challenge. In theory this problem could be 
overcome by installing an additional predictor system at the impedance bond, and conveying 
track impedance information from beyond the impedance bond to the original predictor system 
by means of a technique called Downstream Adjacent Crossing (DAXing). In practice, there are 
no known examples where this has been successfully attempted. 
 
The option of reverting back from a crossing predictor to a conventional warning system would 
not be acceptable since this represents a step backwards from the perspective of public safety. 
For purposes of this study, the costs of mitigating AC interference, and providing additional 
DAXing, has been estimated, with a generous contingency (100%) applied to reflect the very 
significant technological risks involved.  
 
Another technology which may emerge is to apply a form of advanced train control whereby the 
locomotive could communicate directly to the crossing control equipment and initiate an 
advance crossing start. However, much more detailed engineering would be required to validate 
this option with CN and the Regulator. In any event, should other substantial capacity 
improvements be pursued, it is very likely that all remaining level crossings would need to be 
grade separated to accommodate the increased traffic, thereby negating this issue. 
  
9.4 Additional Electrification Readiness Steps  

In addition to the track circuit specific issues already discussed, the following steps must be 
taken to ensure personal safety and reliable system operation.  

9.4.1 Cages and touch protection for signals  
Every structure that is climbable by the maintainer, installer, tester, etc.  requires the provision 
of cages, guards or other touch protection as appropriate to prevent contact with, or 
encroachment within minimum specified distances of the OCS equipment.  

 
9.4.2 Structure bonding 
All structures within an electrified system must be equi-potentially bonded to provide personnel 
protection in the event of contact with the OCS system. This is achieved through the bonding of 
the structure to buried copper ground mats.  

 
9.4.3 Other Immunization 
Any relays used within the design of the system will be required to be AC immune. Tail cables 
(cables forming the final feed to the wayside equipment) will be subject to maximum length 
constraints (typical lengths of 250m under 25kV overheads).   

Express multicore cables (copper) running trackside will also be subject to induced voltages due 
to parallelism with the OCS.  As a result, maximum cable run lengths would be mandated 
(typical lengths of 1.5km under 25kV overheads), resulting in additional HD repeater cases, 
however this proposal is based on elimination of all such legacy systems as discussed in 
paragraph 9.2.   
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9.4.4 Signal Sighting  
The introduction of OCS equipment may necessitate that signals be re-sighted and any 
obstruction of sightlines would require signal relocation or adjustment. No costs have been 
included to perform these adjustments since re-sighting is performed periodically as a normal 
maintenance procedure, and careful engineering of the OCS equipment can minimize the need 
to relocate signals. 
 
9.5 Cost Estimates 

Similar to the calculations provided in Table 8.1, the total signalled miles is 79.3 corridor miles,  
with an equivalent 198.7 single track miles as provided in Table 9.3 (results vary slightly from 
OCS totals on account layover yards and pullback tracks are not typically signalled). The ratio of 
relay based versus electronic based signalling is estimated at 65% relay and 35% electronic, or 
129.2 relay single track miles and 69.5 electronic single track miles. 
 
Discussions were held with CN to ensure that the technical proposals put forward here are 
consistent with CN standards, policy and direction.  
 
9.5.1 Legacy Plant Replacement  
Where legacy signal control plant exists, a program will need to be initiated to renew this 
equipment with current generation electronic replacements. Appendix D, references D.1.A, 
D.1.B and D.1.C provide BOM and material pricing totals for typical 4, 3 and 2 track interlocking 
locations using technology currently deployed by CN elsewhere on the Lakeshore Corridor. 
Likewise, Appendix D, references D.2.A, D.2.B and D.2.C provide similar pricing for typical 4, 3 
and 2 track intermediate locations. 
 
A summary of legacy locations are provided in Table 9.3. The right-hand most column identifies 
where these category of legacy sites exist (sites identified as “D.3” are covered in the next 
section). The total cost of this replacement program is provided in Table 9.2. The labour mark-
up used is at 75% to reflect the amount of track time needed to thoroughly commission and test 
the modifications.  Note that this only provides for the replacement of control equipment in the 
signal house – outside plant would remain intact. 
 

Table 9.2 – Summary of Cost – Legacy Plant Replacement 

Location Category
(Appendix D References)

Qty
(From 

Table 9.3)

Material 
Costs (Ea)
Ref App D

Total
Material

Labour
@75% Mat.

Engineering
(@15%)

Contingency
(@15%) Total

New Interlocking Signal Bungalow - 4 Track
Ref D.1.A 3 244,927$   734,782$       551,086$        192,880$       192,880$      1,671,628$     

New Interlocking Signal Bungalow - 3 Track
Ref D.1.B 5 194,661$   973,305$       729,979$        255,492$       255,492$      2,214,268$     

New Interlocking Signal Bungalow - 2 Track
Ref D.1.C 4 144,420$   577,681$       433,261$        151,641$       151,641$      1,314,224$     

New Intermediate Signal Bungalow - 4 Track
Ref D.2.A 2 74,047$     148,094$       111,070$        38,875$         38,875$        336,913$        

New Intermediate Signal Bungalow - 3 Track
Ref D.2.B 5 60,658$     303,291$       227,468$        79,614$         79,614$        689,987$        

New Intermediate Signal Bungalow - 2 Track
Ref D.2.C 13 47,279$     614,623$       460,967$        161,339$       161,339$      1,398,267$     

Totals 32 3,351,775$    2,513,831$     879,841$       879,841$      7,625,289$      
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Table 9.3 – Calculation of Signalled Track Distances 
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.2.C

.2.C

.2.C

.2.C

.2.C

.2.C

.2.C

.2.C

.2.B

.2.B

GO Sub
EOT Oshawa 11.68    11.60    0.08         2 0.16      0.16
Oshawa North 11.60    10.70    0.90         2 1.80      1.80 D.2.C
Thickson 10.70    8.90      1.80         2 3.60      2 3.60 D.1.C
Intermediates 9.62      9.62      2 D.2.C
Whitby North 8.90      8.50      0.40         2 0.80      2 0.80 D.2.C
Henry 8.50      3.90      4.60         2 9.20      9.20 D.1.C
Intermediates 6.10      6.10      -           2 -       D.2.C
Harwood 3.90      3.50      0.40         2 0.80      2 0.80 D.1.C
Ajax North 3.50      1.00      2.50         2 5.00      5.00
Intermediates 2.41      2.41      -           2 -       D.2.C
Pickering North 1.00      0.80      0.20         2 0.40      0.40
Bayly 0.80      -       0.80         2 1.60      2 1.60 D.1.C
Durham Jct -       -       -           -       0.00 D.1.B

23.36  0.00 23.36
Kingston Sub
Pickering South 312.90 314.00 1.10         2 2.20      2 2.20
Intermediates 315.68 315.68 2 D
Intermediates 316.97 316.97 2 D
Rouge Hill 317.30 320.65 3.35         2 6.70      6.70
Intermediates 318.29 318.29 2 D
Intermediates 319.50 319.50 2 D
Poplar Road 320.65 321.20 0.55         3 1.65      3 1.65 D.1.B
Guildwood 321.20 323.20 2.00         3 6.00      6.00
Intermediates 322.10 322.10 2 D
Eglington 323.20 325.56 2.36         3 7.08      7.08
Intermediates 323.25 323.25 2 D
Scarborough Jct 325.56 329.10 3.54         3 10.62    5 10.62 D.1.B
Intermediates 326.89 326.89 2 D
Intermediates 327.83 327.83 2 D
Danforth 329.10 332.40 3.30         3 9.90      4 9.90 D.1.B
Intermediates 330.32 330.32 2 D
Intermediates 331.20 331.20 2 D

44.15  0.00 44.15
Union Station
USRC East Limit 332.40 333.32 0.92         4 3.68      3.68 D.3
Union Station 13.63    13.63
USRC West Limit 0.47      1.20      0.73         4 2.92      2.92

20.23  0.00 20.23
Oakville - Kingston Connecting Tracks
Jarvis Street 333.32 333.80 0.48         2 0.96      2 0.96 D.3
Union Station -       1.53      1.53         2 3.06      2 3.06

4.02    0.00 4.02
Oakville Sub (A2, A3, D1 and D2)
USRC West Limit 1.20      1.57      0.37         4 1.48      2 1.48
Fort York 1.57      1.80      0.23         4 0.92      5 0.92 D.1.A
Dufferin 1.80      2.50      0.70         4 2.80      2 2.80 D.1.A
Intermediates 3.98      3.98      4 D.2.A
Mimico East 2.50      6.20      3.70         4 14.80    7 14.80 D.1.A
Intermediates 4.99      4.99      4 D.2.A
Canpa 6.20      8.40      2.20         3 6.60      4 6.60 D.1.B
Intermediates 7.44      7.44      3 D.2.B
Long Branch 8.40      9.60      1.20         3 3.60      3.60 D.2.B
Intermediates 10.80    10.80    3 D.2.B
Port Credit 9.60      12.80    3.20         3 9.60      4 9.60 D.3
Park Royal 12.80    17.60    4.80         3 14.40    2 14.40
9th Line 17.60    19.30    1.70         3 5.10      2 5.10
Oakville 19.30    20.60    1.30         3 3.90      5 3.90
Oakville Yard 20.60    21.40    0.80         4 3.20      3.20
Kerr Street 21.40    22.10    0.70         3 2.10      4 2.10
Burloak 22.10    27.10    5.00         3 15.00    4 15.00
Burlington East 27.10    30.50    3.40         3 10.20    4 10.20
Burlington West 30.50    32.20    1.70         3 5.10      6 5.10
Aldershot East 32.20    34.90    2.70         3 8.10      2 8.10
Aldershot 34.34    34.75    0.41         1 0.00

106.90 0.00 106.90
Don Yard
Pullback Track 331.73 332.40 0.67         1 0.00
6 Sidings 332.40 333.66 1.26         6 0.00
4 Sidings 332.40 333.66 0.63         4 0.00

-     0.00 0.00
Willowbrook Yard
Willowbrook Lead 6.54      8.44      0.95         1 0.00
6 Sidings 1.26         6 0.00

-     0.00 0.00
Bathurst Yard
4 Sidings 0.00

-     0.00 0.00

79.28      198.66
126.85     317.86

2.51

Single
Track Miles

Signalled Single Trk Mi
Signalled Single Trk Km

 Total
Miles 

# 
Xovers

GO Sub Total Miles

Don Yard Total Miles

Separate Calculation - See Table 5.3

 From
 MP 

 To
MP 

 Track
Dist (Mi.) 

#
Tracks

Ratio Signalled Total Miles to Single Track Miles

Appendix
D Ref

Total Signalled Track Miles
Total Signalled Track KM

Willowbrook Yard Total Miles

Bathurst Yard Total Miles

Kingston Sub Total Miles

Union Station Total Miles

Oakville - Kingston Connecting Tracks Total Miles

Oakville Sub Total Miles
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9.5.2 Track Circuit Immunization, Structure Bonding, Touch Protection 
All existing electronic coded track circuits would need to be retrofitted with PSO track circuits, 
while the new electronic locations identified in the previous section would be installed with PSO 
track circuits at the time of refurbishment. A FOTS data communication channel will also be 
established between all electronic locations to relieve the need to transmit adjacent and 
advance block information through the track circuit as described in more detail in section 9.2. 

Appendix D, reference D.3, provides a per mile cost to convert electronic DC coded track to 
PSO track circuits and provide structure bonding and touch protection. Each line item in this 
BOM references other packages of equipment described further in the Appendix. An image of 
reference D.3 is provided here for easier reference: 

Ref Description Price Qty Total
PSO track circuit @ 1000' circuit length (Ref D.7) 5,693.92$        5.28  30,063.88$    
Trackside Equipment Case (Ref D.6) 10,338.53$      0.85  8,829.29$      
Grounding of structures (Ref D.8) 2,481.88$        6.39  15,859.21$    
Impedance bonds - every 2nd PSO location (Ref D.9) 6,378.89$        2.64  16,840.27$    
Double rail track bonding/track mile (Ref D.10) 1,193.67$        1.00  1,193.67$      
Touch protection for masts/bridges (Ref D.11) 1,000.00$        1.00  1,000.00$      
FOTS communication channel per mile (Ref D.12) 5,896.40$       1.00  5,896.40$     

D.3 Total 79,682.73$    

AC Immunization / Track Mile

 

The line quantities in reference D.3 are arrived at as follows: 

• The quantity of PSO track circuits (5.28) is simply the number required per 1,000 feet of 
track circuit length (note this only applies to signal circuits, crossing warning systems are 
discussed in the next section) 

• The quantity of equipment cases required is the number of PSO track circuits, minus 1, 
divided by the ratio of total signalled corridor miles to signalled track miles (this value is 
shown at the bottom of Table 9.2), and further divided by 2. The rational is that 
equipment cases are spaced according to corridor miles (not track miles), and can 
house the PSO equipment for all tracks, in both directions  

• The quantity of structures to be grounded (6.39) is based on an average of sample 
counts of structures over certain corridor miles, divided by the number of tracks 

• Impendence bonds are counted by dividing the number of PSO track circuits in 2. The 
rational is that every second PSO track circuit location can be equipped by a tumble 
down arrangement as illustrated in Figure 9.4 

• The final three line items D.10 to D.12 are calculated on a per track mile basis. Note, the 
per mile cost to establish a FOTS communication channel extending between 
interlocking and intermediate locations includes the cost of fiber optic cable, messenger 
wire (to be strung from grounded steel messenger to be attached to poles), and the cost 
of the wayside communication interface hardware. 

The per mile AC immunization cost will be applied across all signalled track miles since they are 
either designated as D.3 in Table 9.3 or will be refurbished as described in the previous section. 
In either case, the same PSO conversion costs apply.  
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Total costs of providing AC immunization are provided in Table 9.4. The labour mark-up used is 
at 75% to reflect the amount of track time needed to thoroughly commission and test the 
modifications. 

Table 9.4 – AC Immunization Costs 

Description
Qty

(From 
Table 9.3)

Material 
Costs/Mile
Ref App D

Total
Material

Labour
@75% Mat.

Engineering
(@15%)

Contingency
(@15%) Total

AC Immunization
Ref D.3 198.66 79,683$     15,829,770$  11,872,328$   4,155,315$    4,155,315$   36,012,727$   

 
 
 
9.5.3 Crossing Warning Systems 
Crossing immunization costs are also itemized in Appendix D for converting conventional 
crossing warning systems to PSO and immunizing predictor systems. As discussed in Section 
9.3, a high level of technological and regulatory risk surrounds the issue of preserving and 
augmenting constant warning capabilities in electrified territory.  
 
Total costs to immunize these crossing warning systems are summarized in Table 9.5, however 
much more research is required to arrive at a definitive solution. A 100% contingency has been 
applied to the predictor modification costs to reflect the technological risk. The labour mark-up 
used is at 75% to reflect the amount of track time needed to thoroughly commission and test the 
modifications. 
 

Table 9.5 – Crossing AC Immunization Cost Estimate 
Crossing Technology
(Appendix D References)

Material 
Cost/Ea

Labour
@75% Mat.

Engineering
(@15%)

Contingency
(@15%)

Contingency
(@100%)

Subtotal
/Ea Qty Total

Conventional (Ref D.4) 71,089$     53,317$     18,661$          18,661$         N/A 161,728$      9 1,455,556$    

Predictor (Ref D.5) 176,177$   132,133$   46,246$          N/A 308,310$      662,866$      12 7,954,392$    

9,409,948$    Total  
 
9.5.4 Electromagnetic Interference (EMI) 
Further to Section 7.2.3, in the 1992 report, and re-iterated in the 2001 report, it is not expected 
that any EMI will be observed outside the railway ROW by users of electronic devices lawfully 
connected and installed. However, to deal with any claims that may arise from users in the area, 
a contingency of $5 million is identified for site-specific remedies.  

9.5.5 Union Station Rail Corridor 
GO Transit has recently contracted Siemens Canada’s Transportation Systems to upgrade the 
signalling systems in and around the Union Station Rail Corridor. This upgrade will begin in 
2008 and be carried out during normal revenue service, with completion scheduled for 2014. 
During the course of the upgrade the mechanical interlockings at Cherry Street, Scott Street, 
John Street and Bathurst Street will be replaced with electronic interlockings.  

Siemens has subsequently been approached to incorporate appropriate allowances for future 
electrification into their design. It is believed that any extra work resulting from these changes 
would have minimal cost if incorporated into the design from the outset.  

Since the USRC track distances are incorporated into the overall immunization costs arrived at 
in Table 9.4, it is reasoned that sufficient cost allowances have already been accounted for. 
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9.5.6 Total S&C Immunization Costs 
The total estimated cost for all S&C AC immunization is provided in Table 9.6.  

Table 9.6 – Total S&C AC Immunization Cost Estimate 

Treatment Ref

Legacy Equipment Replacement Table 9.2  $        7,625,289 

AC Immunization Table 9.4  $      36,012,727 

Crossing AC Immunization Table 9.5  $        9,409,948 

EMI Interference Paragraph 9.5.4  $        5,000,000 

Total  $      58,047,964 

Total ($)
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10. ENVIRONMENTAL CONSIDERATIONS 

Local residents may perceive that the proposed 25kV AC overhead electrified system will offer 
few benefits other than perhaps an absence of diesel fumes. Significant disadvantages are 
likely to be raised in town hall meetings. These issues are presented here, along with possible 
measures for mitigation. 

10.1 Unsightly OCS poles and wiring 

The addition of OCS poles and wires may be perceived as unsightly by residents. Mitigation 
measures could include the use of head spans to lighten overhead elements (head spans can 
appear less intrusive than cantilevers and portals) and adoption of aesthetic treatments for OCS 
poles. 

10.2 Higher Train Speeds/Service Levels 

The impression may be that higher train speeds/levels of service could result in more vibration 
and annoyance. Noise and vibration impact studies would need to be performed to quantify the 
effects, and abatement procedures introduced if they are shown to be higher. However it is very 
likely that the lower noise generated by electric locomotives would offset the effects of higher 
train speeds. 

10.3 Substation Noise 

Some of the power stations and autotransformer locations could be within close proximity of 
residences, which could produce audible noise. Mitigation measures could include the use of 
enclosures and adjustments to ventilation systems. 

10.4 Electromagnetic Interference (EMI) 

Electromagnetic interference could include effects on overhead cabling and telecommunication 
circuits, as well as possible interference with cell phones, radio and television reception. EMI 
studies would need to be performed in advance to ensure areas of possible interference are 
identified and specific measures for mitigation developed. 

10.5 Electromagnetic Fields (EMF) 

Many residents harbour perceived long term health risks with living too close to high tension 
power lines. The projected field strengths are within the “low-frequency” ranges for which all 
scientific studies have concluded there is no discernible link to human health effects. Public 
education may be required to allay fears. 

10.6 Hazardous Materials 

Hazardous waste may be uncovered when holes are dug for OCS pole foundations. A 
hazardous waste handling plan would need to be developed to establish guidelines for the 
proper disposal of contaminated soils. 
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10.7 Emissions 

On the basis of the proposed schedule in Table 4.2, the total annual diesel consumption is 
expected to be 27.14 million litres per year (refer to Table 7.6). Based on the most recent 
Environment Canada data for passenger rail diesel emissions (2005), the total annual emissions 
would be as shown in Table 10.1. Should the source of the OCS electrical energy be “green” i.e. 
hydro, nuclear, solar or wind, then a net annual reduction in emissions equal to the values 
shown in the “Lakeshore” column could be expected. 

Table 10.1 – Projected Annual Lakeshore Corridor Locomotive Emissions  

Lakeshore 2005 Canada
 Rail Total

Nox Oxides of Nitrogen 68.34 1.85             114.86 1.6%
CO Carbon Monoxide 9.24 0.25             16.47 1.5%
HC Hydrocarbons 2.34 0.06             6.67 0.9%
PM Particulate Matter 1.36 0.04             3.99 0.9%
SO2 Oxides of Sulphur 2.33 0.06             2.09 3.0%
CO2 Carbon Dioxide 2730 73.76           6030.56 1.2%
CO2 equivalent See Note 3074 83.05           6790.45 1.2%

Note:  CO2 equivalent of all six Greenhouse Gases
(Sum of constituent Emissions Factors multiplied by their Global Warming Potentials )
Global Warming Potential for CO2 = 1
Global Warming Potential for CH4 = 21
Global Warming Potential for N2O = 310

% of
Rail Total

Source: Environment Canada EPS 2/TS/20 Dec 2006

Emissions (kilotonnes)Emission 
Factor g/L

 

10.8 Environmental Approvals and Permitting 

A minimum accelerated period of 12 months should be assumed for obtaining the necessary 
environmental approvals and permits, which can be performed during the Preliminary Design 
phase of the project implementation schedule. 
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11. COST ESTIMATE SUMMARY 

This section summarizes annual expenditure streams for all of the cost models developed in the 
previous sections. All dollar amounts are expressed in future dollars for each applicable year, 
based on an escalation rate of 3% per annum. Expenditures are identified to occur in the cost 
schedule based on the implementation schedule discussed in Section 2.3  

All cost schedules are tabulated on a capital and operating cost basis. Since the objective of this 
study is to compare the relative cost of electric and diesel-electric operations, these derived 
costs do not include costs common to both modes of operation, and therefore do not represent 
a definitive total cost estimate for either modes of operation. 

11.1 Locomotive Costs 

Based on the costs identified in Section 5 and the locomotive counts identified in Table 5.2, the 
capital and operating cost schedules are tabulated in Tables 11.1 and 11.2.  

Table 11.1 – Total Locomotive Capital Cost Schedule ( $ x Thousands ) 

Year
Top-
Deck

ALP-46

Cost
Ea

Future $

Cost
Total

Future $

Top-
Deck

MP-40

Cost
Ea

Future $

Cost
Total

Future $
Qty

Value
Ea

Future $

Value
Total

Future $
Qty

Cost
Ea

Future $

Cost
Total

Future $

Ref Par. 5.3 Par. 5.3 Par. 5.3 Par. 5.3
2008 8,000$    -$           10 5,400$ 54,000$     5,400$ -$          54,000$    10 5,400$    54,000$    54,000$    
2009 8,240$    -$           5,400$ -$           5,400$ -$          -$         5,400$    -$         -$         
2010 8,487$    -$           9 5,400$ 48,600$     5,400$ -$          48,600$    9 5,400$    48,600$    48,600$    
2011 8,742$    -$           5,400$ -$           5,400$ -$          -$         5,400$    -$         -$         
2012 9,004$    -$           5,562$ -$           5,130$ -$          -$         5,562$    -$         -$         
2013 9,274$    -$           4 5,729$ 22,915$     4,874$ -$          22,915$    4 5,729$    22,915$    22,915$    
2014 23 9,552$    219,706$   5,901$ -$           4,630$ -$          219,706$ 5,901$    -$         -$         
2015 9,839$    -$           -21 4,398$ (92,365)$   (92,365)$  6,078$    -$         -$         
2016 10,134$ -$           4,178$ -$          -$         6,260$    -$         -$         
2017 10,438$ -$           3,969$ -$          -$         6,448$    -$         -$         
2018 3 10,751$ 32,254$     3,771$ -$          32,254$    3 6,641$    19,924$    19,924$    
2019 11,074$ -$           3,582$ -$          -$         6,841$    -$         -$         
2020 11,406$ -$           3,403$ -$          -$         7,046$    -$         -$         
2021 11,748$ -$           3,233$ -$          -$         7,257$    -$         -$         
2022 12,101$ -$           3,072$ -$          -$         7,475$    -$         -$         
2023 3 12,464$ 37,391$     2,918$ -$          37,391$    3 7,699$    23,097$    23,097$    
2024 12,838$ -$           2,772$ -$          -$         7,930$    -$         -$         
2025 13,223$ -$           2,633$ -$          -$         8,168$    -$         -$         
2026 13,619$ -$           2,502$ -$          -$         8,413$    -$         -$         
2027 14,028$ -$           2,377$ -$          -$         8,665$    -$         -$         
2028 2 14,449$ 28,898$     2,258$ -$          28,898$    2 8,925$    17,851$    17,851$    
2029 14,882$ -$           2,145$ -$          -$         9,193$    -$         -$         
2030 15,329$ -$           2,038$ -$          -$         9,469$    -$         -$         
2031 15,789$ -$           1,936$ -$          -$         9,753$    -$         -$         
2032 16,262$ -$           1,839$ -$          -$         10,046$ -$         -$         
2033 16,750$ -$           1,747$ -$          -$         10,347$ -$         -$         
Total 318,249$  125,515$  (92,365)$  351,399$ 186,387$ 186,387$ 

MP-40 Purchase
Grand
Total

Future $

Electric Locomotive Option Diesel-Electric Locomotive Option

Grand
Total

Future $

ALP-46 Purchase MP-40 Purchase Salvage MP-40
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Table 11.2 – Total Locomotive Operating Cost Schedule ( $ x Thousands ) 

Year
Top-
Deck

MP-40

Cost
Ea

Future $

Cost
Total

Future $

Top-
Deck

ALP-46

Cost
Ea

Future $

Cost
Total

Future $

Major
ALP-46

Cost
Ea

Future $

Cost
Total

Future $

Com-
plete

ALP-46

Cost
Ea

Future $

Cost
Total

Future $
Ref Par. 5.4 Par. 5.4 Par. 5.4 Par. 5.4

2008 175$    -$     88$      -$     250$    -$         1,000$ -$       -$         
2009 180$    -$     90$      -$     258$    -$         1,030$ -$       -$         
2010 186$    -$     93$      -$     265$    -$         1,061$ -$       -$         
2011 191$    -$     96$      -$     273$    -$         1,093$ -$       -$         
2012 5 197$    985$     98$      -$     281$    -$         1,126$ -$       985$         
2013 5 203$    1,014$ 101$    -$     290$    -$         1,159$ -$       1,014$      
2014 5 209$    1,045$ 104$    -$     299$    -$         1,194$ -$       1,045$      
2015 108$    -$     307$    -$         1,230$ -$       -$         
2016 111$    -$     317$    -$         1,267$ -$       -$         
2017 114$    -$     326$    -$         1,305$ -$       -$         
2018 10 118$    1,176$ 336$    -$         1,344$ -$       1,176$      
2019 13 121$    1,575$ 346$    -$         1,384$ -$       1,575$      
2020 125$    -$     356$    -$         1,426$ -$       -$         
2021 128$    -$     367$    -$         1,469$ -$       -$         
2022 3 132$    397$     10 378$    3,781$     1,513$ -$       4,179$      
2023 136$    -$     13 389$    5,063$     1,558$ -$       5,063$      
2024 140$    -$     401$    -$         1,605$ -$       -$         
2025 145$    -$     413$    -$         1,653$ -$       -$         
2026 10 149$    1,490$ 3 426$    1,277$     1,702$ -$       2,766$      
2027 16 153$    2,455$ 438$    -$         1,754$ -$       2,455$      
2028 158$    -$     452$    -$         1,806$ -$       -$         
2029 163$    -$     465$    -$         1,860$ -$       -$         
2030 3 168$    503$     479$    -$         10 1,916$ 19,161$ 19,664$    
2031 173$    -$     3 493$    1,480$     13 1,974$ 25,657$ 27,137$    
2032 2 178$    356$     508$    -$         2,033$ -$       356$         
2033 183$    -$     523$    -$         2,094$ -$       -$         
Total 3,044$ 7,951$ 11,602$  44,818$ 67,414$   

Electric Locomotive Option
Overhaul

Grand
Total

Future $

 

Year
Top-
Deck
MP-40

Cost
Ea

Future $

Cost
Total

Future $

Major
MP-40

Cost
Ea

Future $

Cost
Total

Future $

Com-
plete

MP-40

Cost
Ea

Future $

Cost
Total

Future $

Ref  Par. 5.4 Par. 5.4
2008 175$    -$         500$     -$       2,000$ -$       -$         
2009 180$    -$         515$     -$       2,060$ -$       -$         
2010 186$    -$         530$     -$       2,122$ -$       -$         
2011 191$    -$         546$     -$       2,185$ -$       -$         
2012 5 197$    985$        563$     -$       2,251$ -$       985$         
2013 5 203$    1,014$     580$     -$       2,319$ -$       1,014$      
2014 5 209$    1,045$     597$     -$       2,388$ -$       1,045$      
2015 4 215$    861$        615$     -$       2,460$ -$       861$         
2016 222$    -$         5 633$     3,167$    2,534$ -$       3,167$      
2017 4 228$    913$        5 652$     3,262$    2,610$ -$       4,175$      
2018 3 235$    706$        5 672$     3,360$    2,688$ -$       4,065$      
2019 242$    -$         4 692$     2,768$    2,768$ -$       2,768$      
2020 5 250$    1,248$     713$     -$       2,852$ -$       1,248$      
2021 5 257$    1,285$     4 734$     2,937$    2,937$ -$       4,222$      
2022 8 265$    2,118$     756$     -$       3,025$ -$       2,118$      
2023 4 273$    1,091$     779$     -$       3,116$ -$       1,091$      
2024 281$    -$         802$     -$       5 3,209$ 16,047$ 16,047$    
2025 4 289$    1,157$     826$     -$       5 3,306$ 16,528$ 17,685$    
2026 298$    -$         3 851$     2,554$    5 3,405$ 17,024$ 19,578$    
2027 3 307$    921$        877$     -$       4 3,507$ 14,028$ 14,949$    
2028 5 316$    1,580$     903$     -$       3,612$ -$       1,580$      
2029 5 326$    1,628$     930$     -$       4 3,721$ 14,882$ 16,510$    
2030 8 335$    2,683$     958$     -$       3,832$ -$       2,683$      
2031 4 345$    1,382$     3 987$     2,960$    3,947$ -$       4,342$      
2032 2 356$    711$        5 1,016$ 5,082$    4,066$ -$       5,793$      
2033 4 366$    1,466$     5 1,047$ 5,234$    4,188$ -$       6,700$      
Total 22,791$  31,325$ 78,510$ 132,626$ 

Overhaul
Grand
Total

Future $

Diesel-Electric Locomotive Option
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11.2 Plant Electrification 

Plant electrification for purposes of this section, include construction of the new electric 
locomotive maintenance facility, creation of the necessary OCS clearances, construction of the 
OCS system, provisioning of the in-feed power supplies and SCADA system, and 
commissioning of the signal modifications necessary for AC immunization. Also included here is 
the salvage of the Henry cabinet equipment. 

The total net capital costs of plant electrification are provided in the capital cost schedule in 
Table 11.3. Where, based on the proposed schedule in discussed in Section 2.3, 
implementation is spread over a number of years, a course percentage distribution is applied 
over the duration of the implementation. 

The total net operating costs of plant electrification are provided in the operating cost schedule 
in Table 11.4. These costs are not incurred until the OCS is placed in revenue service in 2015. 

Table 11.3 – Total Plant Electrification Capital Cost Schedule ( $ x Thousands ) 

Year Dist
Cost
Ea

Future $

Cost
Total

Future $
Qty

Value
Ea

Future $

Value
Total

Future $
Dist

Cost
Ea

Future $

Cost
Total

Future $
Dist

Cost
Ea

Future $

Cost
Total

Future $

Ref Table 5.4 Par. 5.7 Table 6.8 Table 8.2
2008 144,100$    -$         (410)$   -$       19,080$   -$       105,703$   -$           
2009 148,423$    -$         (422)$   -$       19,652$   -$       108,874$   -$           
2010 152,876$    -$         (435)$   -$       20,242$   -$       112,140$   -$           
2011 20% 157,462$    31,492$    (448)$   -$       20,849$   -$       115,505$   -$           
2012 40% 162,186$    64,874$    (461)$   -$       20% 21,475$   4,295$    20% 118,970$   23,794$     
2013 40% 167,051$    66,821$    (475)$   -$       40% 22,119$   8,848$    40% 122,539$   49,015$     
2014 172,063$    -$         (490)$   -$       40% 22,783$   9,113$    40% 126,215$   50,486$     
2015 1 (504)$   (504)$     -$       -$           

Total 163,187$ (504)$     22,256$ 123,295$  

Loco Maint Facility

Electric Locomotive Option

Cabinets Clearances OCS Costs

 
 
 

Year Dist
Cost
Ea

Future $

Cost
Total

Future $
Qty

Cost
Ea

Future $

Cost
Total

Future $
Dist

Cost
Ea

Future $

Cost
Total

Future $

Ref Table 8.7 Par. 8.4 Table 9.6
2008 83,199$     -$       1,200$      -$       58,048$    -$       -$            
2009 85,695$     -$       1,236$      -$       59,789$    -$       -$            
2010 88,266$     -$       1,273$      -$       61,583$    -$       -$            
2011 90,914$     -$       1,311$      -$       63,431$    -$       31,492$      
2012 20% 93,641$     18,728$ 1,351$      -$       20% 65,334$    13,067$ 124,758$    
2013 40% 96,450$     38,580$ 1 1,391$      1,391$    40% 67,294$    26,917$ 191,572$    
2014 40% 99,344$     39,738$ 1,433$      -$       40% 69,312$    27,725$ 127,061$    
2015 -$       -$       -$       (504)$          

Total 97,046$ 1,391$   67,709$ 474,380$    

Electric Locomotive Option

Power Supply

Grand
Total

Future $

Scada Signals

 
 
 
 
 

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  



 GO Transit - Lakeshore Corridor Electrification 
 Update of 2001 Addendum to 1992 Study 

   
 

PR243550.004  Page 11-4 

 
 

Table 11.4 – Total Plant Electrification Operating Cost Schedule ( $ x Thousands ) 
OCS Power Supply

Year
Annual

Cost
Future $

Annual
Cost

Future $

Ref Table 8.2 Table 8.7
2008 2,114$                 1,664$                 
2009 2,177$                 1,714$                 
2010 2,243$                 1,765$                 
2011 2,310$                 1,818$                 
2012 2,379$                 1,873$                 
2013 2,451$                 1,929$                 
2014 2,524$                 1,987$                 
2015 2,600$                 2,047$                 4,646$        
2016 2,678$                 2,108$                 4,786$        
2017 2,758$                 2,171$                 4,929$        
2018 2,841$                 2,236$                 5,077$        
2019 2,926$                 2,303$                 5,230$        
2020 3,014$                 2,372$                 5,387$        
2021 3,104$                 2,444$                 5,548$        
2022 3,198$                 2,517$                 5,715$        
2023 3,294$                 2,592$                 5,886$        
2024 3,392$                 2,670$                 6,063$        
2025 3,494$                 2,750$                 6,244$        
2026 3,599$                 2,833$                 6,432$        
2027 3,707$                 2,918$                 6,625$        
2028 3,818$                 3,005$                 6,823$        
2029 3,933$                 3,096$                 7,028$        
2030 4,051$                 3,188$                 7,239$        
2031 4,172$                 3,284$                 7,456$        
2032 4,297$                 3,383$                 7,680$        
2033 4,426$                 3,484$                 7,910$        

Total 81,501$              64,152$              116,705$    

Grand
Total

Future $

 
 
 
11.3 Energy Costs 

Total projected total energy consumption is tabulated in Table 11.5, which take into account the 
predicted consumption from the TPC models, augmented by additional consists as identified in 
Table 5.2. The economic analysis uses this table to calculate expenditure streams for a variety 
of energy costs.  

Since annual energy usage between 2008 and 2013 will be common to both modes of 
operation, their costs will not be included in the net present value calculations. 
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Table 11.5 – Total Projected Energy Consumption 2015-2033 

Year
Base

Annual
(MWh)

Delta
Qty

Unit
Delta 
MWh

Total
Delta 
MWh

Total
MWh/Yr

Base
Annual

(kL)

Delta
Qty

Unit
Delta k L

Total
Delta k L

Total
k L/Yr

Ref Table 7.6 Table 5.2 Table 7.6 Table 7.6 Table 5.2 Table 7.6
2008
2009
2010
2011
2012
2013
2014
2015 103,245  4 5,241     20,964    124,209 27,018    4 1,372      5,488      32,506    
2016 103,245  4 5,241     20,964    124,209 27,018    4 1,372      5,488      32,506    
2017 103,245  4 5,241     20,964    124,209 27,018    4 1,372      5,488      32,506    
2018 103,245  7 5,241     36,687    139,932 27,018    7 1,372      9,604      36,622    
2019 103,245  7 5,241     36,687    139,932 27,018    7 1,372      9,604      36,622    
2020 103,245  7 5,241     36,687    139,932 27,018    7 1,372      9,604      36,622    
2021 103,245  7 5,241     36,687    139,932 27,018    7 1,372      9,604      36,622    
2022 103,245  7 5,241     36,687    139,932 27,018    7 1,372      9,604      36,622    
2023 103,245  10 5,241     52,410    155,655 27,018    10 1,372      13,720    40,738    
2024 103,245  10 5,241     52,410    155,655 27,018    10 1,372      13,720    40,738    
2025 103,245  10 5,241     52,410    155,655 27,018    10 1,372      13,720    40,738    
2026 103,245  10 5,241     52,410    155,655 27,018    10 1,372      13,720    40,738    
2027 103,245  10 5,241     52,410    155,655 27,018    10 1,372      13,720    40,738    
2028 103,245  12 5,241     62,892    166,137 27,018    12 1,372      16,464    43,482    
2029 103,245  12 5,241     62,892    166,137 27,018    12 1,372      16,464    43,482    
2030 103,245  12 5,241     62,892    166,137 27,018    12 1,372      16,464    43,482    
2031 103,245  12 5,241     62,892    166,137 27,018    12 1,372      16,464    43,482    
2032 103,245  12 5,241     62,892    166,137 27,018    12 1,372      16,464    43,482    
2033 103,245  12 5,241     62,892    166,137 27,018    12 1,372      16,464    43,482    

Diesel Locomotive Option
MP-40 Consumption

Electric Locomotive Option
ALP-46 Consumption
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12. ECONOMIC ANALYSIS 

This section updates section 12 of the 2001 addendum, and section 14 of the original 1992 
report. The annual expenditure streams for the years 2008 to 2033 for operating and capital 
costs were compared on a net present value (NPV) basis for both electric and diesel-electric 
modes of operations. Revenue streams were not considered as they were deemed to be 
common to both modes. 

12.1 Assumptions 

The following economic assumptions were made for the base case analyses: 

• 3% annual escalation 

• 6% discount rate 

• “All-In” 2008 electrical cost per MWh = $74.96 

• 2008 average rail diesel costs = $0.90/litre (cost as of 04/15/08 = $0.9982/litre).  

12.2 Sensitivity 

Sensitivity analyses were made for the several scenarios of price variability. Results are 
provided in the tables indicated. 

• Case 0E: Electrical  base case – Table 12.1 

• Case 0D: Diesel base case – Table 12.2 

• Case 1E: Electrical base case +10% Year 0 electrical energy costs – Table 12.3 

• Case 1D: Diesel base case -20% Year 0 diesel fuel costs – Table 12.4 

• Case 2E: Electrical base case +20% Year 0 electrical energy costs – Table 12.5 

• Case 2D: Diesel base case +50% Year 0 diesel fuel costs – Table 12.6 

• Case 3E: Electrical base case, 4% annual escalation – Table 12.7 

• Case 3D: Diesel base case, 4% annual escalation – Table 12.8 

• Case 4: Diesel cost for equivalent NPV to base case 0E – Table 12.9. 
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Table 12.1 – Economic Cost – Electrified Operation on Lakeshore Line – Base Case (0E) 
 ( All Total Values in $ x Thousands ) 

Year
Locomotive
Maintenance

Future $

Plant
Electrification

Future $

Energy
Consumption

(MWh/Yr)

Energy
Unit Cost

Future $

Energy
Total Cost

Future $

Locomotive
Purchase

Future $

Plant
Electrification

Future $
Ref Table 11.2 Table 11.4 Table 11.5 Base Case Table 11.1 Table 11.3

2008 -$                 -$                 74.96$             -$                 54,000$           -$                 54,000$           54,000$           
2009 -$                 -$                 77.21$             -$                 -$                 -$                 -$                 -$                 
2010 -$                 -$                 79.53$             -$                 48,600$           -$                 48,600$           48,600$           
2011 -$                 -$                 81.91$             -$                 -$                 31,492$           31,492$           31,492$           
2012 985$                -$                 84.37$             985$                -$                 124,758$         124,758$         125,743$         
2013 1,014$             -$                 86.90$             1,014$             22,915$           191,572$         214,488$         215,502$         
2014 1,045$             -$                 89.51$             1,045$             219,706$         127,061$         346,767$         347,812$         
2015 -$                 4,646$             124,209           92.19$             11,451$           16,097$           (92,365)$          (504)$               (92,869)$          (76,772)$          
2016 -$                 4,786$             124,209           94.96$             11,795$           16,580$           -$                 -$                 -$                 16,580$           
2017 -$                 4,929$             124,209           97.81$             12,148$           17,078$           -$                 -$                 -$                 17,078$           
2018 1,176$             5,077$             139,932           100.74$           14,097$           20,350$           32,254$           -$                 32,254$           52,604$           
2019 1,575$             5,230$             139,932           103.76$           14,520$           21,324$           -$                 -$                 -$                 21,324$           
2020 -$                 5,387$             139,932           106.88$           14,955$           20,342$           -$                 -$                 -$                 20,342$           
2021 -$                 5,548$             139,932           110.08$           15,404$           20,952$           -$                 -$                 -$                 20,952$           
2022 4,179$             5,715$             139,932           113.38$           15,866$           25,759$           -$                 -$                 -$                 25,759$           
2023 5,063$             5,886$             155,655           116.79$           18,178$           29,128$           37,391$           -$                 37,391$           66,519$           
2024 -$                 6,063$             155,655           120.29$           18,724$           24,786$           -$                 -$                 -$                 24,786$           
2025 -$                 6,244$             155,655           123.90$           19,285$           25,530$           -$                 -$                 -$                 25,530$           
2026 2,766$             6,432$             155,655           127.61$           19,864$           29,062$           -$                 -$                 -$                 29,062$           
2027 2,455$             6,625$             155,655           131.44$           20,460$           29,539$           -$                 -$                 -$                 29,539$           
2028 -$                 6,823$             166,137           135.39$           22,493$           29,316$           28,898$           -$                 28,898$           58,214$           
2029 -$                 7,028$             166,137           139.45$           23,167$           30,196$           -$                 -$                 -$                 30,196$           
2030 19,664$           7,239$             166,137           143.63$           23,862$           50,765$           -$                 -$                 -$                 50,765$           
2031 27,137$           7,456$             166,137           147.94$           24,578$           59,171$           -$                 -$                 -$                 59,171$           
2032 356$                7,680$             166,137           152.38$           25,316$           33,351$           -$                 -$                 -$                 33,351$           
2033 -$                 7,910$             166,137           156.95$           26,075$           33,985$           -$                 -$                 -$                 33,985$           
Total 67,414$           116,705$         2,847,384        352,238$         536,357$         351,399$         474,380$         825,779$         1,362,136$      

NPV (191,045) (573,689) (764,733)

Annual Escalation 3%
Discount Rate 6%
Base Case Year 0 - Current "All-In" market rates for electricity from Table 8.10

Notes
1. The totals shown do not represent a definitive cost estimate for the total undertaking, only a basis for comparison between diesel and electric

operation of the Lakeshore Corridor. Only unique costs that facilitate differentiation between the two modes of operation have been considered.
2. Revenue streams have not been considered.
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Table 12.2 – Economic Cost – Diesel Operation on Lakeshore Line – Base Case (0D) 
( All Total Values in $ x Thousands ) 

Year
Locomotive
Maintenance

Future $

Energy
Consumption

(k L/Yr)

Energy
Unit Cost

Future $

Energy
Total Cost

Future $

Locomotive
Purchase

Future $
Ref Table 11.2 Table 11.5 Base Case Table 11.1

2008 -$                 0.90$               -$                 54,000$           54,000$           54,000$           
2009 -$                 0.93$               -$                 -$                 -$                 -$                 
2010 -$                 0.95$               -$                 48,600$           48,600$           48,600$           
2011 -$                 0.98$               -$                 -$                 -$                 -$                 
2012 985$                1.01$               985$                -$                 -$                 985$                
2013 1,014$             1.04$               1,014$             22,915$           22,915$           23,930$           
2014 1,045$             1.07$               1,045$             -$                 -$                 1,045$             
2015 861$                32,506             1.11$               35,980$           36,841$           -$                 -$                 36,841$           
2016 3,167$             32,506             1.14$               37,060$           40,227$           -$                 -$                 40,227$           
2017 4,175$             32,506             1.17$               38,172$           42,347$           -$                 -$                 42,347$           
2018 4,065$             36,622             1.21$               44,295$           48,361$           19,924$           19,924$           68,285$           
2019 2,768$             36,622             1.25$               45,624$           48,393$           -$                 -$                 48,393$           
2020 1,248$             36,622             1.28$               46,993$           48,240$           -$                 -$                 48,240$           
2021 4,222$             36,622             1.32$               48,403$           52,625$           -$                 -$                 52,625$           
2022 2,118$             36,622             1.36$               49,855$           51,972$           -$                 -$                 51,972$           
2023 1,091$             40,738             1.40$               57,122$           58,212$           23,097$           23,097$           81,310$           
2024 16,047$           40,738             1.44$               58,835$           74,882$           -$                 -$                 74,882$           
2025 17,685$           40,738             1.49$               60,600$           78,286$           -$                 -$                 78,286$           
2026 19,578$           40,738             1.53$               62,418$           81,996$           -$                 -$                 81,996$           
2027 14,949$           40,738             1.58$               64,291$           79,240$           -$                 -$                 79,240$           
2028 1,580$             43,482             1.63$               70,680$           72,260$           17,851$           17,851$           90,111$           
2029 16,510$           43,482             1.67$               72,800$           89,311$           -$                 -$                 89,311$           
2030 2,683$             43,482             1.72$               74,984$           77,667$           -$                 -$                 77,667$           
2031 4,342$             43,482             1.78$               77,234$           81,576$           -$                 -$                 81,576$           
2032 5,793$             43,482             1.83$               79,551$           85,344$           -$                 -$                 85,344$           
2033 6,700$             43,482             1.88$               81,937$           88,638$           -$                 -$                 88,638$           
Total 132,626$         745,210           1,106,835$      1,239,461$      186,387$         186,387$         1,425,849$      

NPV (445,669) (132,742) (578,411)

Annual Escalation 3%
Discount Rate 6%
Base Case Year 0 - April 2008 market rates Diesel (Passenger Rail) = $0.90

Notes
1. The totals shown do not represent a definitive cost estimate for the total undertaking, only a basis for comparison between diesel and electric

operation of the Lakeshore Corridor. Only unique costs that facilitate differentiation between the two modes of operation have been considered.
2. Revenue streams have not been considered.

Total 
Operating

Future $

Total Capital
Future $

Grand
Total

Future $

Operating Costs Capital Costs
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Table 12.3 – Economic Cost – Electrified Operation on Lakeshore Line – Case 1E 
 ( All Total Values in $ x Thousands ) 

 

Year
Locomotive
Maintenance

Future $

Plant
Electrification

Future $

Energy
Consumption

(MWh/Yr)

Energy
Unit Cost

Future $

Energy
Total Cost

Future $

Locomotive
Purchase

Future $

Plant
Electrification

Future $
Ref Table 11.2 Table 11.4 Table 11.5 Case 1E Table 11.1 Table 11.3

2008 -$                 -$                 82.46$             -$                 54,000$           -$                 54,000$           54,000$           
2009 -$                 -$                 84.93$             -$                 -$                 -$                 -$                 -$                 
2010 -$                 -$                 87.48$             -$                 48,600$           -$                 48,600$           48,600$           
2011 -$                 -$                 90.10$             -$                 -$                 31,492$           31,492$           31,492$           
2012 985$                -$                 92.80$             985$                -$                 124,758$         124,758$         125,743$         
2013 1,014$             -$                 95.59$             1,014$             22,915$           191,572$         214,488$         215,502$         
2014 1,045$             -$                 98.46$             1,045$             219,706$         127,061$         346,767$         347,812$         
2015 -$                 4,646$             124,209           101.41$           12,596$           17,243$           (92,365)$          (504)$               (92,869)$          (75,627)$          
2016 -$                 4,786$             124,209           104.45$           12,974$           17,760$           -$                 -$                 -$                 17,760$           
2017 -$                 4,929$             124,209           107.59$           13,363$           18,293$           -$                 -$                 -$                 18,293$           
2018 1,176$             5,077$             139,932           110.81$           15,506$           21,760$           32,254$           -$                 32,254$           54,014$           
2019 1,575$             5,230$             139,932           114.14$           15,972$           22,776$           -$                 -$                 -$                 22,776$           
2020 -$                 5,387$             139,932           117.56$           16,451$           21,837$           -$                 -$                 -$                 21,837$           
2021 -$                 5,548$             139,932           121.09$           16,944$           22,492$           -$                 -$                 -$                 22,492$           
2022 4,179$             5,715$             139,932           124.72$           17,453$           27,346$           -$                 -$                 -$                 27,346$           
2023 5,063$             5,886$             155,655           128.46$           19,996$           30,945$           37,391$           -$                 37,391$           68,337$           
2024 -$                 6,063$             155,655           132.32$           20,596$           26,658$           -$                 -$                 -$                 26,658$           
2025 -$                 6,244$             155,655           136.29$           21,214$           27,458$           -$                 -$                 -$                 27,458$           
2026 2,766$             6,432$             155,655           140.38$           21,850$           31,048$           -$                 -$                 -$                 31,048$           
2027 2,455$             6,625$             155,655           144.59$           22,506$           31,585$           -$                 -$                 -$                 31,585$           
2028 -$                 6,823$             166,137           148.92$           24,742$           31,565$           28,898$           -$                 28,898$           60,463$           
2029 -$                 7,028$             166,137           153.39$           25,484$           32,512$           -$                 -$                 -$                 32,512$           
2030 19,664$           7,239$             166,137           157.99$           26,249$           53,152$           -$                 -$                 -$                 53,152$           
2031 27,137$           7,456$             166,137           162.73$           27,036$           61,629$           -$                 -$                 -$                 61,629$           
2032 356$                7,680$             166,137           167.62$           27,847$           35,883$           -$                 -$                 -$                 35,883$           
2033 -$                 7,910$             166,137           172.64$           28,683$           36,593$           -$                 -$                 -$                 36,593$           
Total 67,414$           116,705$         2,847,384        387,461$         571,580$         351,399$         474,380$         825,779$         1,397,359$      

NPV (203,729) (573,689) (777,417)

Annual Escalation 3%
Discount Rate 6%
Case 1E Year 0 - Current "All-In" market rates for electricity from Table 8.10 plus 10%

Notes
1. The totals shown do not represent a definitive cost estimate for the total undertaking, only a basis for comparison between diesel and electric

operation of the Lakeshore Corridor. Only unique costs that facilitate differentiation between the two modes of operation have been considered.
2. Revenue streams have not been considered.

Total 
Operating

Future $

Total Capital
Future $

Grand
Total

Future $

Operating Costs Capital Costs

 

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  



 GO Transit - Lakeshore Corridor Electrification 
 Update of 2001 Addendum to 1992 Study 

   
 

PR243550.004  Page 12-5 

Table 12.4 – Economic Cost – Diesel Operation on Lakeshore Line – Case 1D 
 ( All Total Values in $ x Thousands ) 

 

Year
Locomotive
Maintenance

Future $

Energy
Consumption

(k L/Yr)

Energy
Unit Cost

Future $

Energy
Total Cost

Future $

Locomotive
Purchase

Future $
Ref Table 11.2 Table 11.5 Case 1D Table 11.1

2008 -$                 0.72$               -$                 54,000$           54,000$           54,000$           
2009 -$                 0.74$               -$                 -$                 -$                 -$                 
2010 -$                 0.76$               -$                 48,600$           48,600$           48,600$           
2011 -$                 0.79$               -$                 -$                 -$                 -$                 
2012 985$                0.81$               985$                -$                 -$                 985$                
2013 1,014$             0.83$               1,014$             22,915$           22,915$           23,930$           
2014 1,045$             0.86$               1,045$             -$                 -$                 1,045$             
2015 861$                32,506             0.89$               28,784$           29,645$           -$                 -$                 29,645$           
2016 3,167$             32,506             0.91$               29,648$           32,815$           -$                 -$                 32,815$           
2017 4,175$             32,506             0.94$               30,537$           34,713$           -$                 -$                 34,713$           
2018 4,065$             36,622             0.97$               35,436$           39,502$           19,924$           19,924$           59,425$           
2019 2,768$             36,622             1.00$               36,499$           39,268$           -$                 -$                 39,268$           
2020 1,248$             36,622             1.03$               37,594$           38,842$           -$                 -$                 38,842$           
2021 4,222$             36,622             1.06$               38,722$           42,944$           -$                 -$                 42,944$           
2022 2,118$             36,622             1.09$               39,884$           42,001$           -$                 -$                 42,001$           
2023 1,091$             40,738             1.12$               45,697$           46,788$           23,097$           23,097$           69,885$           
2024 16,047$           40,738             1.16$               47,068$           63,115$           -$                 -$                 63,115$           
2025 17,685$           40,738             1.19$               48,480$           66,166$           -$                 -$                 66,166$           
2026 19,578$           40,738             1.23$               49,935$           69,513$           -$                 -$                 69,513$           
2027 14,949$           40,738             1.26$               51,433$           66,381$           -$                 -$                 66,381$           
2028 1,580$             43,482             1.30$               56,544$           58,124$           17,851$           17,851$           75,975$           
2029 16,510$           43,482             1.34$               58,240$           74,750$           -$                 -$                 74,750$           
2030 2,683$             43,482             1.38$               59,988$           62,670$           -$                 -$                 62,670$           
2031 4,342$             43,482             1.42$               61,787$           66,129$           -$                 -$                 66,129$           
2032 5,793$             43,482             1.46$               63,641$           69,434$           -$                 -$                 69,434$           
2033 6,700$             43,482             1.51$               65,550$           72,250$           -$                 -$                 72,250$           
Total 132,626$         745,210           885,468$         1,018,094$      186,387$         186,387$         1,204,482$      

NPV (365,956) (132,742) (498,699)

Annual Escalation 3%
Discount Rate 6%
Case 1D Year 0 - April 2008 market rates Diesel (Passenger Rail) - 20% = $0.72

Notes
1. The totals shown do not represent a definitive cost estimate for the total undertaking, only a basis for comparison between diesel and electric

operation of the Lakeshore Corridor. Only unique costs that facilitate differentiation between the two modes of operation have been considered.
2. Revenue streams have not been considered.

Total 
Operating

Future $

Total Capital
Future $

Grand
Total

Future $

Operating Costs Capital Costs
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Table 12.5 – Economic Cost – Electrified Operation on Lakeshore Line – Case 2E 
 ( All Total Values in $ x Thousands ) 

 

Year
Locomotive
Maintenance

Future $

Plant
Electrification

Future $

Energy
Consumption

(MWh/Yr)

Energy
Unit Cost

Future $

Energy
Total Cost

Future $

Locomotive
Purchase

Future $

Plant
Electrification

Future $
Ref Table 11.2 Table 11.4 Table 11.5 Case 2E Table 11.1 Table 11.3

2008 -$                 -$                 89.95$             -$                 54,000$           -$                 54,000$           54,000$           
2009 -$                 -$                 92.65$             -$                 -$                 -$                 -$                 -$                 
2010 -$                 -$                 95.43$             -$                 48,600$           -$                 48,600$           48,600$           
2011 -$                 -$                 98.29$             -$                 -$                 31,492$           31,492$           31,492$           
2012 985$                -$                 101.24$           985$                -$                 124,758$         124,758$         125,743$         
2013 1,014$             -$                 104.28$           1,014$             22,915$           191,572$         214,488$         215,502$         
2014 1,045$             -$                 107.41$           1,045$             219,706$         127,061$         346,767$         347,812$         
2015 -$                 4,646$             124,209           110.63$           13,741$           18,388$           (92,365)$          (504)$               (92,869)$          (74,482)$          
2016 -$                 4,786$             124,209           113.95$           14,153$           18,939$           -$                 -$                 -$                 18,939$           
2017 -$                 4,929$             124,209           117.37$           14,578$           19,507$           -$                 -$                 -$                 19,507$           
2018 1,176$             5,077$             139,932           120.89$           16,916$           23,169$           32,254$           -$                 32,254$           55,423$           
2019 1,575$             5,230$             139,932           124.51$           17,424$           24,228$           -$                 -$                 -$                 24,228$           
2020 -$                 5,387$             139,932           128.25$           17,946$           23,333$           -$                 -$                 -$                 23,333$           
2021 -$                 5,548$             139,932           132.10$           18,485$           24,033$           -$                 -$                 -$                 24,033$           
2022 4,179$             5,715$             139,932           136.06$           19,039$           28,932$           -$                 -$                 -$                 28,932$           
2023 5,063$             5,886$             155,655           140.14$           21,814$           32,763$           37,391$           -$                 37,391$           70,154$           
2024 -$                 6,063$             155,655           144.35$           22,468$           28,531$           -$                 -$                 -$                 28,531$           
2025 -$                 6,244$             155,655           148.68$           23,142$           29,387$           -$                 -$                 -$                 29,387$           
2026 2,766$             6,432$             155,655           153.14$           23,837$           33,035$           -$                 -$                 -$                 33,035$           
2027 2,455$             6,625$             155,655           157.73$           24,552$           33,631$           -$                 -$                 -$                 33,631$           
2028 -$                 6,823$             166,137           162.46$           26,991$           33,815$           28,898$           -$                 28,898$           62,712$           
2029 -$                 7,028$             166,137           167.34$           27,801$           34,829$           -$                 -$                 -$                 34,829$           
2030 19,664$           7,239$             166,137           172.36$           28,635$           55,538$           -$                 -$                 -$                 55,538$           
2031 27,137$           7,456$             166,137           177.53$           29,494$           64,087$           -$                 -$                 -$                 64,087$           
2032 356$                7,680$             166,137           182.85$           30,379$           38,414$           -$                 -$                 -$                 38,414$           
2033 -$                 7,910$             166,137           188.34$           31,290$           39,200$           -$                 -$                 -$                 39,200$           
Total 67,414$           116,705$         2,847,384        422,685$         606,804$         351,399$         474,380$         825,779$         1,432,583$      

NPV (216,413) (573,689) (790,101)

Annual Escalation 3%
Discount Rate 6%
Case 2E Year 0 - Current "All-In" market rates for electricity from Table 8.10 plus 20%

Notes
1. The totals shown do not represent a definitive cost estimate for the total undertaking, only a basis for comparison between diesel and electric

operation of the Lakeshore Corridor. Only unique costs that facilitate differentiation between the two modes of operation have been considered.
2. Revenue streams have not been considered.

Total 
Operating

Future $

Total Capital
Future $

Grand
Total

Future $

Operating Costs Capital Costs
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Table 12.6 – Economic Cost – Diesel Operation on Lakeshore Line – Case 2D 
 ( All Total Values in $ x Thousands ) 

 

Year
Locomotive
Maintenance

Future $

Energy
Consumption

(k L/Yr)

Energy
Unit Cost

Future $

Energy
Total Cost

Future $

Locomotive
Purchase

Future $
Ref Table 11.2 Table 11.5 Case 2D Table 11.1

2008 -$                 1.35$               -$                 54,000$           54,000$           54,000$           
2009 -$                 1.39$               -$                 -$                 -$                 -$                 
2010 -$                 1.43$               -$                 48,600$           48,600$           48,600$           
2011 -$                 1.48$               -$                 -$                 -$                 -$                 
2012 985$                1.52$               985$                -$                 -$                 985$                
2013 1,014$             1.57$               1,014$             22,915$           22,915$           23,930$           
2014 1,045$             1.61$               1,045$             -$                 -$                 1,045$             
2015 861$                32,506             1.66$               53,971$           54,832$           -$                 -$                 54,832$           
2016 3,167$             32,506             1.71$               55,590$           58,757$           -$                 -$                 58,757$           
2017 4,175$             32,506             1.76$               57,257$           61,433$           -$                 -$                 61,433$           
2018 4,065$             36,622             1.81$               66,443$           70,508$           19,924$           19,924$           90,432$           
2019 2,768$             36,622             1.87$               68,436$           71,205$           -$                 -$                 71,205$           
2020 1,248$             36,622             1.92$               70,489$           71,737$           -$                 -$                 71,737$           
2021 4,222$             36,622             1.98$               72,604$           76,826$           -$                 -$                 76,826$           
2022 2,118$             36,622             2.04$               74,782$           76,900$           -$                 -$                 76,900$           
2023 1,091$             40,738             2.10$               85,682$           86,773$           23,097$           23,097$           109,870$         
2024 16,047$           40,738             2.17$               88,253$           104,300$         -$                 -$                 104,300$         
2025 17,685$           40,738             2.23$               90,901$           108,586$         -$                 -$                 108,586$         
2026 19,578$           40,738             2.30$               93,628$           113,205$         -$                 -$                 113,205$         
2027 14,949$           40,738             2.37$               96,436$           111,385$         -$                 -$                 111,385$         
2028 1,580$             43,482             2.44$               106,020$         107,600$         17,851$           17,851$           125,451$         
2029 16,510$           43,482             2.51$               109,201$         125,711$         -$                 -$                 125,711$         
2030 2,683$             43,482             2.59$               112,477$         115,159$         -$                 -$                 115,159$         
2031 4,342$             43,482             2.66$               115,851$         120,193$         -$                 -$                 120,193$         
2032 5,793$             43,482             2.74$               119,326$         125,120$         -$                 -$                 125,120$         
2033 6,700$             43,482             2.83$               122,906$         129,606$         -$                 -$                 129,606$         
Total 132,626$         745,210           1,660,252$      1,792,879$      186,387$         186,387$         1,979,266$      

NPV (644,951) (132,742) (777,693)

Annual Escalation 3%
Discount Rate 6%
Case 2D Year 0 - April 2008 market rates Diesel (Passenger Rail) + 50% = $1.35

Notes
1. The totals shown do not represent a definitive cost estimate for the total undertaking, only a basis for comparison between diesel and electric

operation of the Lakeshore Corridor. Only unique costs that facilitate differentiation between the two modes of operation have been considered.
2. Revenue streams have not been considered.

Total 
Operating

Future $

Total Capital
Future $

Grand
Total

Future $

Operating Costs Capital Costs
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Table 12.7 – Economic Cost – Electrified Operation on Lakeshore Line – Case 3E 
 ( All Total Values in $ x Thousands ) 

 

Year
Locomotive
Maintenance

Future $

Plant
Electrification

Future $

Energy
Consumption

(MWh/Yr)

Energy
Unit Cost

Future $

Energy
Total Cost

Future $

Locomotive
Purchase

Future $

Plant
Electrification

Future $
Ref Table 11.2 Table 11.4 Table 11.5 Case 3E Table 11.1 Table 11.3

2008 -$                 -$                 74.96$             -$                 54,000$           -$                 54,000$           54,000$           
2009 -$                 -$                 77.96$             -$                 -$                 -$                 -$                 -$                 
2010 -$                 -$                 81.08$             -$                 48,600$           -$                 48,600$           48,600$           
2011 -$                 -$                 84.32$             -$                 -$                 32,419$           32,419$           32,419$           
2012 1,024$             -$                 87.69$             1,024$             -$                 129,674$         129,674$         130,698$         
2013 1,065$             -$                 91.20$             1,065$             23,363$           201,054$         224,417$         225,481$         
2014 1,107$             -$                 94.85$             1,107$             232,819$         134,645$         367,464$         368,571$         
2015 -$                 4,972$             124,209           98.64$             12,252$           17,224$           (92,365)$          (540)$               (92,905)$          (75,681)$          
2016 -$                 5,170$             124,209           102.59$           12,742$           17,913$           -$                 -$                 -$                 17,913$           
2017 -$                 5,377$             124,209           106.69$           13,252$           18,629$           -$                 -$                 -$                 18,629$           
2018 1,295$             5,592$             139,932           110.96$           15,527$           22,414$           35,526$           -$                 35,526$           57,940$           
2019 1,751$             5,816$             139,932           115.40$           16,148$           23,715$           -$                 -$                 -$                 23,715$           
2020 -$                 6,049$             139,932           120.01$           16,794$           22,842$           -$                 -$                 -$                 22,842$           
2021 -$                 6,291$             139,932           124.81$           17,465$           23,756$           -$                 -$                 -$                 23,756$           
2022 4,784$             6,542$             139,932           129.81$           18,164$           29,490$           -$                 -$                 -$                 29,490$           
2023 5,853$             6,804$             155,655           135.00$           21,013$           33,670$           43,223$           -$                 43,223$           76,893$           
2024 -$                 7,076$             155,655           140.40$           21,854$           28,930$           -$                 -$                 -$                 28,930$           
2025 -$                 7,359$             155,655           146.01$           22,728$           30,087$           -$                 -$                 -$                 30,087$           
2026 3,292$             7,654$             155,655           151.86$           23,637$           34,583$           -$                 -$                 -$                 34,583$           
2027 2,950$             7,960$             155,655           157.93$           24,583$           35,492$           -$                 -$                 -$                 35,492$           
2028 -$                 8,278$             166,137           164.25$           27,287$           35,565$           35,058$           -$                 35,058$           70,623$           
2029 -$                 8,609$             166,137           170.82$           28,379$           36,988$           -$                 -$                 -$                 36,988$           
2030 24,321$           8,954$             166,137           177.65$           29,514$           62,789$           -$                 -$                 -$                 62,789$           
2031 33,890$           9,312$             166,137           184.76$           30,695$           73,896$           -$                 -$                 -$                 73,896$           
2032 449$                9,684$             166,137           192.15$           31,922$           42,055$           -$                 -$                 -$                 42,055$           
2033 -$                 10,072$           166,137           199.83$           33,199$           43,271$           -$                 -$                 -$                 43,271$           
Total 81,780$           137,570$         2,847,384        417,156$         636,506$         380,223$         497,253$         877,475$         1,513,981$      

NPV (222,938) (604,669) (827,608)

Annual Escalation 4%
Discount Rate 6%
Case 3E Year 0 - Current "All-In" market rates for electricity from Table 8.10

Notes
1. The totals shown do not represent a definitive cost estimate for the total undertaking, only a basis for comparison between diesel and electric

operation of the Lakeshore Corridor. Only unique costs that facilitate differentiation between the two modes of operation have been considered.
2. Revenue streams have not been considered.

Total 
Operating

Future $

Total Capital
Future $

Grand
Total

Future $

Operating Costs Capital Costs
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Table 12.8 – Economic Cost – Diesel Operation on Lakeshore Line – Case 3D 
 ( All Total Values in $ x Thousands ) 

 

Year
Locomotive
Maintenance

Future $

Energy
Consumption

(k L/Yr)

Energy
Unit Cost

Future $

Energy
Total Cost

Future $

Locomotive
Purchase

Future $
Ref Table 11.2 Table 11.5 Case 3D Table 11.1

2008 -$                 0.90$               -$                 54,000$           54,000$           54,000$           
2009 -$                 0.94$               -$                 -$                 -$                 -$                 
2010 -$                 0.97$               -$                 48,600$           48,600$           48,600$           
2011 -$                 1.01$               -$                 -$                 -$                 -$                 
2012 1,024$             1.05$               1,024$             -$                 -$                 1,024$             
2013 1,065$             1.09$               1,065$             23,363$           23,363$           24,427$           
2014 1,107$             1.14$               1,107$             -$                 -$                 1,107$             
2015 921$                32,506             1.18$               38,498$           39,419$           -$                 -$                 39,419$           
2016 3,421$             32,506             1.23$               40,038$           43,459$           -$                 -$                 43,459$           
2017 4,555$             32,506             1.28$               41,640$           46,194$           -$                 -$                 46,194$           
2018 4,478$             36,622             1.33$               48,789$           53,266$           21,318$           21,318$           74,584$           
2019 3,079$             36,622             1.39$               50,740$           53,819$           -$                 -$                 53,819$           
2020 1,401$             36,622             1.44$               52,770$           54,171$           -$                 -$                 54,171$           
2021 4,787$             36,622             1.50$               54,880$           59,668$           -$                 -$                 59,668$           
2022 2,424$             36,622             1.56$               57,076$           59,500$           -$                 -$                 59,500$           
2023 1,261$             40,738             1.62$               66,030$           67,291$           25,937$           25,937$           93,228$           
2024 18,730$           40,738             1.69$               68,671$           87,401$           -$                 -$                 87,401$           
2025 20,843$           40,738             1.75$               71,418$           92,261$           -$                 -$                 92,261$           
2026 23,297$           40,738             1.82$               74,275$           97,572$           -$                 -$                 97,572$           
2027 17,961$           40,738             1.90$               77,246$           95,207$           -$                 -$                 95,207$           
2028 1,917$             43,482             1.97$               85,747$           87,664$           21,037$           21,037$           108,702$         
2029 20,224$           43,482             2.05$               89,177$           109,401$         -$                 -$                 109,401$         
2030 3,318$             43,482             2.13$               92,744$           96,062$           -$                 -$                 96,062$           
2031 5,422$             43,482             2.22$               96,454$           101,876$         -$                 -$                 101,876$         
2032 7,305$             43,482             2.31$               100,312$         107,617$         -$                 -$                 107,617$         
2033 8,531$             43,482             2.40$               104,324$         112,855$         -$                 -$                 112,855$         
Total 157,070$         745,210           1,310,828$      1,467,898$      194,255$         194,255$         1,662,153$      

NPV (519,466) (135,847) (655,312)

Annual Escalation 4%
Discount Rate 6%
Case 3D Year 0 - April 2008 market rates Diesel (Passenger Rail) = $.90

Notes
1. The totals shown do not represent a definitive cost estimate for the total undertaking, only a basis for comparison between diesel and electric

operation of the Lakeshore Corridor. Only unique costs that facilitate differentiation between the two modes of operation have been considered.
2. Revenue streams have not been considered.

Total 
Operating

Future $

Total Capital
Future $

Grand
Total

Future $

Operating Costs Capital Costs
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Table 12.9 – Economic Cost – Diesel Operation on Lakeshore Line – Case 4 
 ( All Total Values in $ x Thousands ) 

 

Year
Locomotive
Maintenance

Future $

Energy
Consumption

(k L/Yr)

Energy
Unit Cost

Future $

Energy
Total Cost

Future $

Locomotive
Purchase

Future $
Ref Table 11.2 Table 11.5 Goal Seek Table 11.1

2008 -$                 1.32$               -$                 54,000$           54,000$           54,000$           
2009 -$                 1.36$               -$                 -$                 -$                 -$                 
2010 -$                 1.40$               -$                 48,600$           48,600$           48,600$           
2011 -$                 1.44$               -$                 -$                 -$                 -$                 
2012 985$                1.49$               985$                -$                 -$                 985$                
2013 1,014$             1.53$               1,014$             22,915$           22,915$           23,930$           
2014 1,045$             1.58$               1,045$             -$                 -$                 1,045$             
2015 861$                32,506             1.62$               52,801$           53,662$           -$                 -$                 53,662$           
2016 3,167$             32,506             1.67$               54,385$           57,552$           -$                 -$                 57,552$           
2017 4,175$             32,506             1.72$               56,016$           60,192$           -$                 -$                 60,192$           
2018 4,065$             36,622             1.77$               65,002$           69,068$           19,924$           19,924$           88,992$           
2019 2,768$             36,622             1.83$               66,953$           69,721$           -$                 -$                 69,721$           
2020 1,248$             36,622             1.88$               68,961$           70,209$           -$                 -$                 70,209$           
2021 4,222$             36,622             1.94$               71,030$           75,252$           -$                 -$                 75,252$           
2022 2,118$             36,622             2.00$               73,161$           75,278$           -$                 -$                 75,278$           
2023 1,091$             40,738             2.06$               83,825$           84,916$           23,097$           23,097$           108,013$         
2024 16,047$           40,738             2.12$               86,340$           102,387$         -$                 -$                 102,387$         
2025 17,685$           40,738             2.18$               88,930$           106,615$         -$                 -$                 106,615$         
2026 19,578$           40,738             2.25$               91,598$           111,176$         -$                 -$                 111,176$         
2027 14,949$           40,738             2.32$               94,346$           109,294$         -$                 -$                 109,294$         
2028 1,580$             43,482             2.39$               103,722$         105,302$         17,851$           17,851$           123,153$         
2029 16,510$           43,482             2.46$               106,833$         123,343$         -$                 -$                 123,343$         
2030 2,683$             43,482             2.53$               110,038$         112,721$         -$                 -$                 112,721$         
2031 4,342$             43,482             2.61$               113,339$         117,681$         -$                 -$                 117,681$         
2032 5,793$             43,482             2.68$               116,740$         122,533$         -$                 -$                 122,533$         
2033 6,700$             43,482             2.77$               120,242$         126,942$         -$                 -$                 126,942$         
Total 132,626$         745,210           1,624,261$      1,756,888$      186,387$         186,387$         1,943,275$      

NPV (631,991) (132,742) (764,733)

Annual Escalation 3%
Discount Rate 6%
Goal Seek Year 0 - April 2008 market rates Diesel (Passenger Rail) for Equal NPV to Case 0E

Notes
1. The totals shown do not represent a definitive cost estimate for the total undertaking, only a basis for comparison between diesel and electric

operation of the Lakeshore Corridor. Only unique costs that facilitate differentiation between the two modes of operation have been considered.
2. Revenue streams have not been considered.

Total 
Operating

Future $

Total Capital
Future $

Grand
Total

Future $

Operating Costs Capital Costs
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12.3 Analysis and Discussion 

The NPV results for the eight sensitivity case combinations are compared in Table 12.9 (cases 
3D and 3E are only compared with each other since they encapsulate different annual 
escalation rates). For the base case scenario, the diesel mode continues to demonstrate an 
economic advantage of $186 M over the 2008-2033 study period. However, unlike the results of 
previous studies, there are now realistic scenarios where the electric mode exhibits a net 
present value advantage. Specifically, for the case where diesel costs increase by 50% over 
2008 average prices, the electric mode is superior for two of the electrification sensitivity cases 
considered. 
 
Table 12.10 presents a similar comparison, but for the operating costs only. In all cases, the 
electric mode of operation provides unqualified advantages over diesel operations. 
 
Case 4 provides the diesel cost at which the NPV results are equivalent (at 3% annual 
escalation, 6% discount rate, and “All-In” 2008 electrical cost per MWh = $74.96). The result is 
$1.32 per litre, which is 47% higher than the average 2008 diesel cost applied, and 32% higher 
than the actual rail diesel cost paid ($0.998 per litre) on April 14, 2008. 
 

Table 12.9 – Comparison of Total NPV Results 
$ x Millions 

 

Electric Diesel

Case 0 (764.73)$        (578.41)$        

Case 1 (777.42)$        (498.70)$        

Case 2 (790.10)$        (777.69)$        

Case 3 (827.61)$        (655.31)$        

Sensity Case
Comparisons Difference Advantage

0E-0D 186.32$         Diesel

0E-1D 266.03$         Diesel

0E-2D 12.96$           Electric

1E-0D 199.01$         Diesel

1E-1D 278.72$         Diesel

1E-2D 0.28$             Electric

2E-0D 211.69$         Diesel

2E-1D 291.40$         Diesel

2E-2D 12.41$           Diesel

3E-3D 172.30$         Diesel

NPV Comparisons
Total $
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Table 12.10 – Comparison of NPV Results (Operating Costs Only) 

$ x Millions 
 

Electric Diesel

Case 0 (191.04)$        (445.67)$        

Case 1 (203.73)$        (365.96)$        

Case 2 (216.41)$        (644.95)$        

Case 3 (222.94)$        (519.47)$        

Sensity Case
Comparisons Difference Advantage

0E-0D 254.62$         Electric

0E-1D 174.91$         Electric

0E-2D 453.91$         Electric

1E-0D 241.94$         Electric

1E-1D 162.23$         Electric

1E-2D 441.22$         Electric

2E-0D 229.26$         Electric

2E-1D 149.54$         Electric

2E-2D 428.54$         Electric

3E-3D 296.53$         Electric

NPV Comparisons
Operating $
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APPENDIX A –  GO TRANSIT STATIONS ON LAKESHORE CORRIDOR AND DISTANCE 

FROM UNION STATION 
 

GO Transit Station Subdivision MP
Miles
from

USRC

Km
from

USRC
Oshawa North GO 11.6    32.5        52.0        
Whitby North 8.9      29.8        47.7        
Ajax North 3.5      24.4        39.0        
Pickering N 1.0      21.9        35.0        
Pickering S Kingston 312.9  20.9        33.4        
Rouge Hill 317.3  16.5        26.4        
Guildwood 321.2  12.6        20.2        
Eglinton 323.2  10.6        17.0        
Scarborough 325.2  8.6          13.8        
Danforth 328.6  5.2          8.3          
Union Station 333.8  -          -          
Exhibition Oakville 2.0      2.0          3.2          
Mimico 6.7      6.7          10.7        
Long Branch 9.6      9.6          15.4        
Port Credit 12.8    12.8        20.5        
Clarkson 16.7    16.7        26.7        
Oakville 21.4    21.4        34.2        
Bronte 24.7    24.7        39.5        
Appleby 27.9    27.9        44.6        
Burlington 31.5    31.5        50.4        
Aldershot 34.6    34.6        55.4        
Hamilton 39.3    39.3        62.9         

   

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  



 

   

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  

 
 
 
 

THIS PAGE INTENTIONALLY LEFT BLANK 



 

   

y:\go\243550\documents\rpts\Final Report\pr243550.pd4.doc PR.DOT, 00/01  

 
APPENDIX B – OCS ASSEMBLY – BILL OF MATERIALS 
 

Labour as % of Material 45% Not Trackside Work
Labour as % of Material 120% Trackside Work
Span Distance 70                     m

Typical Cantilever Assembly 102.29              Km

Item Component Qty Unit Rate Material Installation Total
Track
Side

1 Steel Mast 1 no. 1,351$             1,351$              608$                1,959$           
2 Rod Insulator 2 no. 77$                  155$                 70$                  224$              
3 Eye clamp for 55 tube 1 no. 13$                  13$                   6$                    19$                
4 Eye clamp for 70 tube 4 no. 14$                  57$                   26$                  82$                
5 Catenary wire support 1 no. 66$                  66$                   30$                  95$                
6 Cantilever brace (dia = 42mm) 1.5 m 6.85$               10$                   5$                    15$                
7 Clevis end fitting for 42 tube 2 no. 20$                  41$                   18$                  59$                
8 Strut tube (dia = 70mm) 4.5 m 17$                  75$                   34$                  108$              
9 Clevis end fitting for 70 tube 1 no. 27$                  27$                   12$                  39$                
10 Steady Arm L = 1050mm 1 no. 67$                  67$                   30$                  98$                
11 Eye clamp for tube 70 1 no. 12$                  12$                   6$                    18$                
12 Drop bracket 1 no. 41$                  41$                   18$                  59$                
13 Steady tube 55 (L = 2m) 2 m 14$                  28$                   13$                  40$                
14 Clevis end fitting for 55 tube 1 no. 24$                  24$                   11$                  34$                
15 Standoff Insulator 1 no. 77$                  77$                   35$                  112$              
16 Foundation 1 no. 676$                676$                 811$                1,486$           x

Per Span Total 2,719$             1,730$             4,450$          
3,973,848$      2,528,761$     6,502,609$    

Typical Headspan Assembly 64.78                Km
1 Steel Mast 2 no. 2,500$             5,000$              2,250$             7,250$           
2 Rod Insulator 12 no. 77$                  928$                 417$                1,345$           
3 Eye clamp for 55 tube 3 no. 13$                  40$                   18$                  58$                
4 Eye clamp for 70 tube 12 no. 14$                  170$                 77$                  247$              
5 Catenary wire support 50 no. 66$                  3,284$              1,478$             4,761$           
6 Cantilever brace (dia = 42mm) 10 m 100$                1,000$              450$                1,450$           
7 Clevis end fitting for 42 tube 8 no. 20$                  162$                 73$                  235$              
8 Strut tube (dia = 70mm) 12 m 17$                  199$                 90$                  289$              
9 Clevis end fitting for 70 tube 3 no. 27$                  81$                   36$                  118$              
10 Steady Arm L = 1050mm 3 no. 67$                  202$                 91$                  293$              
11 Eye clamp for tube 70 3 no. 12$                  37$                   17$                  53$                
12 Drop bracket 3 m 41$                  123$                 55$                  178$              
13 Steady tube 55 (L = 2m) 3 no. 14$                  42$                   19$                  61$                
14 Clevis end fitting for 55 tube 3 no. 24$                  71$                   32$                  103$              
15 Standoff Insulator 2 no. 77$                  155$                 70$                  224$              
16 Foundation 2 no. 676$                1,351$              1,622$             2,973$           x

Per Span Total 12,845$           6,794$             19,639$         
11,886,315$    6,286,723$     18,173,039$  

Typical Portal Assembly 18.11                Km
1 Steel Support Structure 2 no. 4,054$             8,108$              3,649$             11,757$         
2 Steel Head Structure 1 no. 6,757$             6,757$              3,041$             9,797$           
3 Rod Insulator 4 no. 77$                  309$                 139$                448$              
4 Eye clamp for 70 tube 4 no. 14$                  57$                   26$                  82$                
5 Catenary wire support 4 no. 66$                  263$                 118$                381$              
6 Cantilever brace (dia = 42mm) 6 m 7$                    41$                   19$                  60$                
7 Clevis end fitting for 70 tube 4 no. 27$                  108$                 49$                  157$              
8 Steady Arm L = 1050mm 4 no. 67$                  270$                 121$                391$              
9 Eye clamp for tube 70 4 no. 12$                  49$                   22$                  71$                
10 Drop bracket 4 no. 41$                  164$                 74$                  237$              
11 Steady tube 55 (L = 2m) 8 m 14$                  111$                 50$                  161$              
12 Clevis end fitting for 55 tube 4 no. 24$                  95$                   43$                  137$              
13 Standoff Insulator 4 no. 77$                  309$                 139$                448$              
14 Foundation 2 no. 676$                1,351$              1,622$             2,973$           x

Per Span Total 17,992$           9,110$             27,102$         
4,655,343$      2,357,144$     7,012,487$    Total = Per Span Total x 18.11 km x 1000 / Span Distance

OCS ASSEMBLY - BILL OF MATERIALS

Total Cantilever Distance =

Total Portal Distance =

Total Headspan Distance =

Total = Per Span Total x 102.29 km x 1000 / Span Distance

Total = Per Span Total x 64.78 km x 1000 / Span Distance

 



 

   

 
APPENDIX B – OCS ASSEMBLY – BILL OF MATERIALS 
 
 

Labour as % of Material 45% Not Trackside Work
Labour as % of Material 120% Trackside Work
Span Distance 70                     m

Other Material
1 Contact Wire (107 mm2 Cu) 365,704 m 16$                  5,880,914$       7,057,097$      12,938,012$  x
2 Messager (70 mm2 Bz) 365,704 m 11$                  3,904,136$       4,684,964$      8,589,100$    x
3 Return Wire (282 mm2 Al) 365,704 m 10$                  3,657,039$       4,388,447$      8,045,486$    x
4 Ground Wire (282 mm2 Al) 365,704 m 10$                  3,657,039$       4,388,447$      8,045,486$    x
5 Dropper Assembly 20,897 no. 11$                  231,114$          277,336$         508,450$       x
6 Anchor 300 no. 811$                243,243$          291,892$         535,135$       x
7 Fix Termination 500 no. 811$                405,405$          486,486$         891,892$       x
8 Mid Point 100 no. 4,134$             413,391$          496,069$         909,460$       x
9 Section Insulator 200 no. 2,733$             546,595$          655,914$         1,202,508$    x
10 Phase Break 10 no. 10,811$           108,108$          129,730$         237,838$       x
11 Motorised Switch 30 no. 16,876$           506,295$          607,554$         1,113,848$    x
12 Manual Switch 72 no. 12,193$           877,865$          1,053,438$      1,931,303$    x
13 Disc Insulator Assembly 500 no. 48$                  24,122$            28,946$           53,068$         x
14 Claws for connections 200 no. 1,688$             337,557$          405,068$         742,625$       x
15 BWA 200 no. 701$                140,220$          168,264$         308,485$       x
16 Anti-Climbing Device 500 no. 1,014$             506,757$          608,108$         1,114,865$    x
17 Insulated Overlap 102 no. 4,054$             413,514$          496,216$         909,730$       x
18 Surge Arrestor 50 no. 780$                39,020$            46,824$           85,845$         x
19 Track Bonding 1,306 no. 508$                663,059$          795,671$         1,458,730$    x

22,555,393$    27,066,472$   49,621,865$  

Sub-Total 43,070,899$    38,239,100$   81,309,999$  

OCS ASSEMBLY - BILL OF MATERIALS
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APPENDIX C – SUBSTATIONS – BILL OF MATERIALS 

Thickson (Pickering TS) Substation Unit Cost Qty Material Installation Total 
1 Transformer 230 / 2 x 25 kV 20 MVA 500,000 2 1,000,000$  450,000$     1,450,000$       
2 25 kV GIS 1-phase 107,250 14 1,501,500$  675,675$     2,177,175$       
3 25 kV Isolator 75,000 8 600,000$     270,000$     870,000$          
4 Harmonic Filters 390,000 2 780,000$     351,000$     1,131,000$       
5 Battery and Charger 29,250 2 58,500$       26,325$       84,825$            
6 25 kV Outgoing Cables and Terminations 100,000 1 100,000$     45,000$       145,000$          
7 Lightning Protection 2,100 14 29,400$       13,230$       42,630$            
8 Station Services 100,000 1 100,000$     45,000$       145,000$          
9 Grounding and Bonding 200,000 1 200,000$     90,000$       290,000$          
10 Primary Switches 230 kV 300,000 5 1,500,000$  675,000$     2,175,000$       
11 Earthing Switches 100,000 8 800,000$     360,000$     1,160,000$       
12 230 kV Termination 150,000 4 600,000$     270,000$     870,000$          
13 230 kV Busbar 500,000 1 500,000$     225,000$     725,000$          
14 Foundation and Site Work 200,000 1 200,000$     90,000$       290,000$          

7,969,400$ 3,586,230$ 11,555,630$     
Downtown (Hearn TS) Substation

1 Transformer 115 / 2 x 25 kV 20 MVA 450,000 2 900,000$     405,000$     1,305,000$       
2 25 kV GIS 1-phase 107,250 14 1,501,500$  675,675$     2,177,175$       
3 25 kV Isolator 75,000 8 600,000$     270,000$     870,000$          
4 Harmonic Filters 390,000 2 780,000$     351,000$     1,131,000$       
5 Battery and Charger 29,250 2 58,500$       26,325$       84,825$            
6 25 kV Outgoing Cables and Terminations 100,000 1 100,000$     45,000$       145,000$          
7 Lightning Protection 2,100 14 29,400$       13,230$       42,630$            
8 Station Services 100,000 1 100,000$     45,000$       145,000$          
9 Grounding and Bonding 200,000 1 200,000$     90,000$       290,000$          
10 Primary Switches 115 kV 250,000 5 1,250,000$  562,500$     1,812,500$       
11 Earthing Switches 100,000 8 800,000$     360,000$     1,160,000$       
12 115 kV Termination 150,000 4 600,000$     270,000$     870,000$          
13 115 kV Busbar 400,000 1 400,000$     180,000$     580,000$          
14 Foundation and Site Work 200,000 1 200,000$     90,000$       290,000$          

7,519,400$ 3,383,730$ 10,903,130$     
Burlington (Cumberland TS) Substation

1 Transformer 230 / 2 x 25 kV 20 MVA 500,000 2 1,000,000$  450,000$     1,450,000$       
2 25 kV GIS 1-phase 107,250 14 1,501,500$  675,675$     2,177,175$       
3 25 kV Isolator 75,000 8 600,000$     270,000$     870,000$          
4 Harmonic Filters 390,000 2 780,000$     351,000$     1,131,000$       
5 Battery and Charger 29,250 2 58,500$       26,325$       84,825$            
6 25 kV Outgoing Cables and Terminations 100,000 1 100,000$     45,000$       145,000$          
7 Lightning Protection 2,100 14 29,400$       13,230$       42,630$            
8 Station Services 100,000 1 100,000$     45,000$       145,000$          
9 Grounding and Bonding 200,000 1 200,000$     90,000$       290,000$          
10 Primary Switches 230 kV 300,000 5 1,500,000$  675,000$     2,175,000$       
11 Earthing Switches 100,000 8 800,000$     360,000$     1,160,000$       
12 230 kV Termination 150,000 4 600,000$     270,000$     870,000$          
13 230 kV Busbar 500,000 1 500,000$     225,000$     725,000$          
14 Foundation and Site Work 200,000 1 200,000$     90,000$       290,000$          

7,969,400$ 3,586,230$ 11,555,630$     

Switching Substation (2) Unit Cost Qty Material Installation Total 
1 10 MVA 50 kV Auto-Transformer 250,000 4 1,000,000$  450,000$     1,450,000$       
2 25 kV GIS 1-phase 107,250 28 3,003,000$  1,351,350$  4,354,350$       
3 Battery and Chargers 29,250 4 117,000$     52,650$       169,650$          
4 Lightning Protection 2,100 16 33,600$       15,120$       48,720$            
5 Grounding and Bonding 75,000 2 150,000$     67,500$       217,500$          
6 25 kV Outgoing Cables and Terminations 200,000 2 400,000$     180,000$     580,000$          
7 Foundation and Station Service 100,000 2 200,000$     90,000$       290,000$          

4,903,600$ 2,206,620$ 7,110,220$       

Auto-Transformer Substation (8) Unit Cost Qty Material Installation Total 
1 10 MVA 50 kV Auto-Tx 250,000 8 2,000,000$  900,000$     2,900,000$       
2 25 kV GIS 1-phase 107,250 32 3,432,000$  1,544,400$  4,976,400$       
3 Battery and Chargers 29,250 8 234,000$     105,300$     339,300$          
4 Lightning Protection 2,100 32 67,200$       30,240$       97,440$            
5 Grounding and Bonding 50,000 8 400,000$     180,000$     580,000$          
6 25 kV Outgoing Cables and Terminations 150,000 8 1,200,000$  540,000$     1,740,000$       
7 Foundation and Station Service 100,000 8 800,000$     360,000$     1,160,000$       

8,133,200$ 3,659,940$ 11,793,140$     

IN-FEED SUBSTATION BILL OF MATERIALS

SWITCHING SUBSTATION BILL OF MATERIALS

AUTO-TRANSFORMER SUBSTATION BILL OF MATERIALS
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APPENDIX D – SIGNAL ASSEMBLY – BILL OF MATERIALS 
 

Ref Description Price Qty Total Qty Total Qty Total
Bungalow 8x10 10,437.37$      1 10,437.37$    1 10,437.37$    1 10,437.37$    
GEO Multi Track; Multi Crossover Location
  GEO 2 Trk Extended Chassis 1,415.20$        8 11,321.60$    6 8,491.20$      4 5,660.80$      
  GEO Colorlight Module 1,528.01$        16 24,448.09$    13 19,864.08$    10 15,280.06$    
  GEO Dual CPU Unit 2,675.90$        8 21,407.20$    6 16,055.40$    4 10,703.60$    
  GEO ECD Unit 166.01$           8 1,328.10$      6 996.07$         4 664.05$         
  GEO HD-Link Module 3,239.53$        2 6,479.06$      2 6,479.06$      2 6,479.06$      
  GEO VPI Module 1,431.07$        10 14,310.67$    8 11,448.53$    6 8,586.40$      
  GEO VRO Module 1,386.83$        4 5,547.31$      3 4,160.48$      2 2,773.65$      
  ULCP 2,195.60$        1 2,195.60$      1 2,195.60$      1 2,195.60$      
  SEA/R II 2,571.47$        4 10,285.86$    3 7,714.40$      2 5,142.93$      
  WAG 900.00$           1 900.00$         1 900.00$         1 900.00$         
DC converter, 2 track 2TC 582.52$           6 3,495.10$      4 2,330.07$      2 1,165.03$      
Battery charger, 110 V 1,925.68$        1 1,925.68$      1 1,925.68$      1 1,925.68$      
Battery charger, electronic 12/40 (NRS) 696.92$           4 2,787.67$      3 2,090.75$      2 1,393.84$      
Battery - 110V DC 196.48$           4 785.91$         3 589.43$         2 392.96$         
Battery Saft SPL 250 A-Hr 224.43$           36 8,079.39$      27 6,059.54$      18 4,039.69$      
16C (7-#6, 9-#14) Signal Cable /m 12.12$             4000 48,480.00$    3000 36,360.00$    2000 24,240.00$    
19C-#14 Signal Cable /m 5.12$               70 358.40$         50 256.00$         35 179.20$         
2C#6 Signal Cable Tw /m 1.81$               80 144.77$         60 108.58$         40 72.38$           
3#6C Signal Cable /m 3.50$               250 875.00$         200 700.00$         150 525.00$         
3-#6 TECK Cable /m 4.50$               75 337.50$         75 337.50$         75 337.50$         
5-#6C Signal Cable /m 5.40$               2500 13,500.00$    2000 10,800.00$    1500 8,100.00$      
8C(2-#10 Tw., 6-#14) Signal Cable /m 2.95$               4000 11,800.00$    3000 8,850.00$      2000 5,900.00$      
2-3/8" Terminal Blocks 5.71$               90 513.71$         75 428.10$         60 342.48$         
6 Ohm Track Resistors 33.41$             9 300.68$         7 233.86$         5 167.04$         
B1 Relay Rack 1,247.84$        1 1,247.84$      1 1,247.84$      1 1,247.84$      
B1 Relay 570.25$           8 4,562.04$      6 3,421.53$      4 2,281.02$      
B1 Relays - HD Contacts 622.88$           22 13,703.33$    18 11,211.81$    14 8,720.30$      
B1 Track Relays 731.78$           10 7,317.76$      8 5,854.21$      6 4,390.66$      
B1 Plugboards 104.39$           41 4,279.83$      33 3,444.74$      25 2,609.65$      
Surge Arrestors 12V 50.02$             60 3,001.40$      50 2,501.16$      40 2,000.93$      
Clearview Lightning Arrester without Base 19.90$             300 5,970.00$      250 4,975.00$      200 3,980.00$      
Surge Arrestor SP24-2A 211.02$           8 1,688.15$      6 1,266.11$      4 844.07$         
Test Links 1.85$              600 1,112.20$     500 926.83$        400 741.47$        

D.1 Total D.1.A 244,927.22$  D.1.B 194,660.95$  D.1.C 144,420.27$  

Ref Description Price Qty Total Qty Total Qty Total
Bungalow 8x8 9,500.00$        1 9,500.00$      1 9,500.00$      1 9,500.00$      
GEO Multi Track Intermediate Location
  GEO 2 Trk Extended Chassis 1,415.20$        4 5,660.80$      3 4,245.60$      2 2,830.40$      
  GEO Colorlight Module 1,528.01$        4 6,112.02$      3 4,584.02$      2 3,056.01$      
  GEO Dual CPU Unit 2,675.90$        4 10,703.60$    3 8,027.70$      2 5,351.80$      
  GEO ECD Unit 166.01$           4 664.05$         3 498.04$         2 332.02$         
  GEO HD-Link Module 3,239.53$        2 6,479.06$      2 6,479.06$      2 6,479.06$      
  GEO VPI Module 1,431.07$        0 -$               0 -$               0 -$               
  GEO VRO Module 1,386.83$        4 5,547.31$      3 4,160.48$      2 2,773.65$      
  ULCP 2,195.60$        0 -$               0 -$               0 -$               
  SEA/R II 2,571.47$        4 10,285.86$    3 7,714.40$      2 5,142.93$      
  WAG 900.00$           1 900.00$         1 900.00$         1 900.00$         
Battery charger, electronic 12/40 (NRS) 696.92$           4 2,787.67$      3 2,090.75$      2 1,393.84$      
Battery Saft SPL165 A-Hr 124.64$           36 4,487.18$      27 3,365.39$      18 2,243.59$      
2C#6 Signal Cable Tw /m 1.81$               125 226.20$         100 180.96$         80 144.77$         
3-#6 TECK Cable /m 4.50$               100 450.00$         100 450.00$         100 450.00$         
5-#6C Signal Cable /m 5.40$               350 1,890.00$      300 1,620.00$      250 1,350.00$      
2-3/8" Terminal Blocks 5.71$               32 182.65$         25 142.70$         18 102.74$         
6 Ohm Track Resistors 33.41$             8 267.27$         6 200.45$         4 133.63$         
B1 Relay Rack 1,247.84$        1 1,247.84$      1 1,247.84$      1 1,247.84$      
B1 Relay 570.25$           4 2,281.02$      3 1,710.76$      2 1,140.51$      
B1 Plugboards 104.39$           4 417.54$         3 313.16$         2 208.77$         
Surge Arrestors 12V 50.02$             60 3,001.40$      50 2,501.16$      40 2,000.93$      
Surge Arrestor SP24-2A 211.02$           4 844.07$         3 633.06$         2 422.04$         
Test Links 1.85$              60 111.22$        50 92.68$           40 74.15$          

D.2 Total D.2.A 74,046.78$    D.2.B 60,658.22$    D.2.C 47,278.70$    

3 Track

3 Track

2 Track

2 Track

GEO New Signal Bungalow (Typical Multi Xover Interlocking)

GEO New Signal Bungalow (Typical Multi Track Intermediate)

4 Track

4 Track
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APPENDIX D – SIGNAL ASSEMBLY – BILL OF MATERIALS 
 

Ref Description Price Qty Total
PSO track circuit @ 1000' circuit length (Ref D.7) 5,693.92$        5.28  30,063.88$    
Trackside Equipment Case (Ref D.6) 10,338.53$      0.85  8,829.29$      
Grounding of structures (Ref D.8) 2,481.88$        6.39  15,859.21$    
Impedance bonds - every 2nd PSO location (Ref D.9) 6,378.89$        2.64  16,840.27$    
Double rail track bonding/track mile (Ref D.10) 1,193.67$        1.00  1,193.67$      
Touch protection for masts/bridges (Ref D.11) 1,000.00$        1.00  1,000.00$      
FOTS communication channel per mile (Ref D.12) 5,896.40$       1.00  5,896.40$     

D.3 Total 79,682.73$    

Ref Description Price Qty Total
PSO III track circuit - inc. Transmitter, receiver, & coupler 3,415.36$        6 20,492.16$    
PSO III crossing package 5,695.04$        3 17,085.12$    
PSO III transmitter. 1,293.76$        6 7,762.56$      
Battery filter 269.36$           15 4,040.40$      
Relay & plugboard 832.00$           21 17,472.00$    
Heavy Duty Lightning Arrester 19.76$             48 948.48$         
Heavy Duty Equalizer 17.68$             24 424.32$         
Fuse (10A) 15.60$             15 234.00$         
Case Wire, Eyes, Terminals, test links, Etc 156.00$           9 1,404.00$      
Bond Strand/Ft 2.79$               20 55.74$           
3/4" Hose/Ft 1.25$               40 49.92$           
2C#6 Tw /m (1 run per track end) 1.81$               240 434.30$         
Track taps 26.00$             24 624.00$         
Splice Kit 2.60$               24 62.40$           

D.4 Total 71,089.41$    

AC Immunization / Track Mile

PSO Crossing Upgrade (Per Crossing)

 



 

   

 
APPENDIX D – SIGNAL ASSEMBLY – BILL OF MATERIALS 
 

Ref Description Price Qty Total
Trackside Equipment Case (Ref D.6) 10,338.53$      2 20,677.05$    
Single Track GCP w/ DAX Card
  Case - D2 4,775.68$        2 9,551.36$      
  Transceiver Module 80012 2,476.24$        4 9,904.96$      
  Relay Drive Module 80013 1,773.20$        4 7,092.80$      
  Data Recorder Module 80015 2,352.48$        4 9,409.92$      
  Dax Module 80016 1,488.24$        4 5,952.96$      
  Transfer Module 80028 1,103.44$        2 2,206.88$      
  Control Interface 80020 1,048.32$        4 4,193.28$      
  Processor Module 80014 2,182.96$        4 8,731.84$      
  Keyboard/Display Control Unit 80019 609.44$           2 1,218.88$      
Double Track GCP w/ DAX Card -$                 
  Case - D2 4,775.68$        2 9,551.36$      
  Transceiver Module 80012 2,476.24$        8 19,809.92$    
  Relay Drive Module 80013 1,773.20$        4 7,092.80$      
  Data Recorder Module 80015 2,352.48$        4 9,409.92$      
  Dax Module 80016 1,488.24$        4 5,952.96$      
  Transfer Module 80028 1,103.44$        2 2,206.88$      
  Control Interface 80020 1,048.32$        4 4,193.28$      
  Processor Module 80014 2,182.96$        4 8,731.84$      
  Keyboard/Display Control Unit 80019 609.44$           2 1,218.88$      
Additional filtering from AC traction currents /track circuit 1,040.00$        9 9,360.00$      
Narrow Band Shunts 428.48$           6 2,570.88$      
Dummy Loads 104.00$           6 624.00$         
Relay & plugboard 832.00$           4 3,328.00$      
Heavy Duty Lightning Arrester 19.76$             28 553.28$         
Heavy Duty Equalizer 17.68$             14 247.52$         
Fuse (10A) 15.60$             4 62.40$           
Case Wire, Eyes, Terminals, test links, Etc 156.00$           3 468.00$         
Bond Strand/Ft 2.79$               60 167.23$         
3/4" Hose/Ft 1.25$               120 149.76$         
10C#14 /m 5.20$               2000 10,400.00$    
2C#6 Tw /m (1 run per track end) 1.81$               60 108.58$         
Track taps 26.00$             36 936.00$         
Splice Kit 2.60$               36 93.60$           

D.5 Total 176,177.02$  

Crossing Predictor Upgrade (Per Crossing)
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APPENDIX D – SIGNAL ASSEMBLY – BILL OF MATERIALS 
 

Ref Description Price Qty Total
Case, high double 3,515.20$        1 3,515.20$      
Foundation assembly kit 395.20$           1 395.20$         
Power service 5,200.00$        0.75 3,900.00$      
Power Cable (TECK) - 3C#6 /m (Power & SCD) 7.14$               10 71.45$           
Electrical panel - Square D 30 343.20$           1 343.20$         
Battery charger, electronic 12/20 (NRS) 320.11$           1 320.11$         
Saft SPL165  165 A-Hr 124.64$           9 1,121.80$      
Battery Lug assy Kit 20 mm post consisting of: 20.80$             8 166.40$         
SP20-4A surge protection 208.00$           1 208.00$         
Clearview Lightning Arrester without Base (w/ sharp teeth) 19.90$             2 39.79$           
Equalizer 12.98$             1 12.98$           
Fuse (10A) 15.60$             1 15.60$           
Case light & outlet 52.00$             1 52.00$           
Ground rods (2) and copper wire 20.80$             1 20.80$           
Case Wire, Eyes, Terminals, test links, log book, Etc 156.00$          1 156.00$        

D.6 Total 10,338.53$    

Ref Description Price Qty Total
PSO III track circuit - inc. Transmitter, receiver, & coupler 3,415.36$        1 3,415.36$      
Battery filter 269.36$           2 538.72$         
SP26-2 surge protection 192.40$           2 384.80$         
Relay & plugboard 832.00$           1 832.00$         
Clearview Lightning Arrester without Base (w/ sharp teeth) 19.90$             4 79.58$           
Fuse (10A) 15.60$             2 31.20$           
Case Wire, Eyes, Terminals, test links, Etc 156.00$           1 156.00$         
Bond Strand/Ft 2.79$               20 55.74$           
3/4" Hose/Ft 1.25$               40 49.92$           
2C#6 Tw /m (1 run per track end) 1.81$               20 36.19$           
Track taps 26.00$             4 104.00$         
Splice Kit 2.60$               4 10.40$          

D.7 Total 5,693.92$      

Ref Description Price Qty Total
Grounding mat - PSM4644C2/0  735.28$           1 735.28$         
CadWeld molds - approx. $100.00 each 100.00$           6 600.00$         
CadWeld kit - approx. $460.00 478.40$           2 956.80$         
CadWeld One Shots 2.60$               1 2.60$             
2/0 copper cable 18.72$             10 187.20$        

D.8 Total 2,481.88$      

Ref Description Price Qty Total
Impedance bond - AC MINI, 300 AMPS, Normal Overload 5,366.40$        1 5,366.40$      
M16 22mm Rail Power Bond, SS Stud, copper bush    39.83$             2 79.66$           
Single 5/8” Hole Heavy Duty Copper Lug for 1325/24  24.34$             2 48.67$           
Ground (Every 3rd Joint) 2,505.88$        0.3 751.76$         
535MCM, Hi-Flex DLO, $12.73/ft 13.24$             10 132.39$        

D.9 Total 6,378.89$      

Equipment Case (Per Case)

PSO III Track Circuit (per Track Circuit End)

Grounding of Structures (per Structure)

Impedance Bonds (per Impedance Bond)
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APPENDIX D – SIGNAL ASSEMBLY – BILL OF MATERIALS 
 

Ref Description Price Qty Total
M16 22mm Rail Power Bond, SS Stud, copper bush    39.83$             12 477.98$         
Single 5/8” Hole Heavy Duty Copper Lug for 1325/24  24.34$             12 292.03$         
535MCM, Hi-Flex DLO, $12.73/ft 13.24$             32 423.65$        

D.10 Total 1,193.67$      

Ref Description Price Qty Total
Touch protection cages for masts/bridges etc. Average/Track Mile 1,000.00$       1 1,000.00$     

D.11 Total 1,000.00$      

Ref Description Price Qty Total
8 Strand SM Fiber -Outdoor Cable Track /Ft (@5280 Ft/ Corridor Mile /2.51) 1.44$               2107 3,040.00$      
Messenger Wire #6 ACSR /Ft (@5280 Ft/ Corridor Mile /2.51) 0.95$               2107 2,006.40$      
Cable Attachments & Termination (@$1630 per Corridor Mile /2.51) 650.46$           1 650.46$         
Fiber Modems (@$500 per Corridor Mile /2.51) 199.54$          1 199.54$        

D.12 Total 5,896.40$      

Touch Potential for Masts/Bridges per Track Mile

FOTS Communication Channel per Track Mile

Double Rail Track Bonding per Track Mile
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APPENDIX E – TRACTION POWER CONTINGENCY ANALYSIS 
 

Demand (MVA) % Rating Demand (MVA) % Rating Demand (MVA) % Rating
2 hours 4 20% X X 10.25 51%
30 Minutes 6.1 31% X X 13.25 66%
5 Minutes 10.1 51% X X 20 100%
2 hours 10 50% 10.25 51% X X
30 Minutes 13 65% 13.25 66% X X
5 Minutes 19 95% 20 100% X X
2 hours 10.1 51% 10.1 51% 10.1 51%
30 Minutes 12.5 63% 12.5 63% 12.5 63%
5 Minutes 19 95% 19 95% 19 95%
2 hours 9.25 46% 9.25 46% 9.25 46%
30 Minutes 14 70% 14 70% 14 70%
5 Minutes 19 95% 19 95% 19 95%
2 hours 9 45% 9 45% 9 45%
30 Minutes 11.9 60% 11.9 60% 11.9 60%
5 Minutes 17 85% 17 85% 17 85%
2 hours 1.1 6% 1.1 6% 1.1 6%
30 Minutes 1.5 8% 1.5 8% 1.5 8%
5 Minutes 2.25 11% 2.25 11% 2.25 11%

Lowest Voltage 
Conclusion

22533.7 V
ACCEPTABLEACCEPTABLE

22533.7 V

Scenario 2                       
(Burlington Sub B Not in Service) 

Union Station Sub A 20 MVA Cont. Rating

Substation and Transformer

Burlington Sub A 20 MVA Cont. Rating

Base Scenario Demand Interval 

Burlington Sub B 20 MVA Cont. Rating

Scenario 1                           
(Burlington Sub A Not in Service)

Union Station Sub B 20 MVA Cont. Rating

ACCEPTABLE

Pickering Station Sub B 20 MVA Cont. Rating

Pickering Station Sub A 20 MVA Cont. Rating

22533.7 V
 

 

Demand (MVA) % Rating Demand (MVA) % Rating Demand (MVA) % Rating
2 hours X X 3.9 20% 3.9 20%
30 Minutes X X 6.1 31% 6.1 31%
5 Minutes X X 10.1 51% 10.1 51%
2 hours X X 10 50% 10 50%
30 Minutes X X 13 65% 13 65%
5 Minutes X X 19 95% 19 95%
2 hours 16 80% X X 15 75%
30 Minutes 22 110% X X 20 100%
5 Minutes 26 130% X X 29.5 148%
2 hours 9.25 46% 15 75% 15 75%
30 Minutes 14 70% 20 100% 20 100%
5 Minutes 19.5 98% 29.5 148% 29.5 148%
2 hours 9 45% 9 45% 9 45%
30 Minutes 11.9 60% 11.9 60% 11.9 60%
5 Minutes 17 85% 17 85% 17 85%
2 hours 1.1 6% 1.1 6% 1.1 6%
30 Minutes 1.5 8% 1.5 8% 1.5 8%
5 Minutes 2.25 11% 2.25 11% 2.25 11%

Lowest Voltage 
Conclusion

22378.4 V

Scenario 5                    
(Union Station                 

Sub B Not in Service) 

Union Station Sub A 20 MVA Cont. Rating

Substation and Transformer

Burlington Sub A 20 MVA Cont. Rating

Demand Interval 

Burlington Sub B 20 MVA Cont. Rating

Scenario 4                    
(Union Station                 

Sub A Not in Service)

Scenario 3                           
(Burlington Sub                       

(Both Transformers) Not in Service) 

Union Station Sub B 20 MVA Cont. Rating

Pickering Station Sub B 20 MVA Cont. Rating

Pickering Station Sub A 20 MVA Cont. Rating

ACCEPTABLE ACCEPTABLE
22390.3 V

ACCEPTABLE
20201.9 V

 
 

Demand (MVA) % Rating Demand (MVA) % Rating % Rating
2 hours 3.9 20% 4 20% 4 20%
30 Minutes 6.1 31% 6.1 31% 6.1 31%
5 Minutes 10.1 51% 10.1 51% 10.1 51%
2 hours 15.9 80% 10 50% 10 50%
30 Minutes 21 105% 13 65% 13 65%
5 Minutes 26 130% 19 95% 19 95%
2 hours X X 10.1 51% 10.1 51%
30 Minutes X X 12.5 63% 12.5 63%
5 Minutes X X 19 95% 19 95%
2 hours X X 9.25 46% 9.25 46%
30 Minutes X X 14 70% 14 70%
5 Minutes X X 19 95% 19 95%
2 hours 15 75% X X 9 45%
30 Minutes 18 90% X X 11.9 60%
5 Minutes 27 135% X X 17 85%
2 hours 1.1 6% 9 45% X X
30 Minutes 1.5 8% 11.9 60% X X
5 Minutes 2.25 11% 17 85% X X

Lowest Voltage 
Conclusion

22567.8 V
ACCEPTABLE

18109 V 22552.2 V

Union Station Sub B 20 MVA Cont. Rating

Pickering Station Sub B 20 MVA Cont. Rating

Pickering Station Sub A 20 MVA Cont. Rating

Union Station Sub A 20 MVA Cont. Rating

Substation and Transformer

Burlington Sub A 20 MVA Cont. Rating

Demand Interval 

Burlington Sub B 20 MVA Cont. Rating

Scenario 8
 (Thickson Sub B Not in Service) 

Scenario 7 
(Thisckson Station Sub A Not in 

Service)

Scenario 6                    
(Union Station Sub             

(Both Transformers) Not in 
Service) 

ACCEPTABLE ACCEPTABLE  
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APPENDIX E – TRACTION POWER CONTINGENCY ANALYSIS 
 

Demand (MVA) % Rating Demand (MVA) % Rating
2 hours 4 20% 4 20%
30 Minutes 6.1 31% 6.1 31%
5 Minutes 10.1 51% 10.1 51%
2 hours 10 50% 10 50%
30 Minutes 13 65% 13 65%
5 Minutes 19 95% 19 95%
2 hours 10.1 51% 10.1 51%
30 Minutes 12.5 63% 13 65%
5 Minutes 19 95% 19 95%
2 hours 13.9 70% 11 55%
30 Minutes 17.9 90% 17 85%
5 Minutes 24 120% 22.5 113%
2 hours X X 9 45%
30 Minutes X X 11.9 60%
5 Minutes X X 17 85%
2 hours X X 1.1 6%
30 Minutes X X 1.5 8%
5 Minutes X X 2.25 11%

Lowest Voltage 
Conclusion

21907.1 V 22544.8 V
ACCEPTABLE

Scenario 9                         
(Thickson  Sub (Both Transformers) Not 

in Service) 

Union Station Sub A 20 MVA Cont. Rating

Substation and Transformer

Burlington Sub A 20 MVA Cont. Rating

Scenario 10                    
(AT 6 Not in Service) Demand Interval 

Burlington Sub B 20 MVA Cont. Rating

Union Station Sub B 20 MVA Cont. Rating

Pickering Station Sub B 20 MVA Cont. Rating

Pickering Station Sub A 20 MVA Cont. Rating

ACCEPTABLE  
 
 
 
 

Duration
2 Hours

30 Minutes
5 Minutes

Cable 
Negative Feeder (ACSR)
Messenger Wire (Bronze)
Contact Wire (Copper)
Running Rails
Return Conductor/Ground Wire (ACSR)

200%
300%

282 mm^2
70 mm^2

AREMA Loading Criteria Chapter 33-6-13
Maximum Allowed Loading

150%

107 mm^2
115lb/ft/load
282 mm^2

Size for 2008 Lakeshore Study

 
 

Burlington Sub Power Demand        Thickson Sub Power Demand

Sub B  (Black) 
Sub A (Blue)

Sub B  (Black) Sub A (Blue)
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APPENDIX F – PROPOSED OCS SECTIONALIZATION (8 SHEETS) 
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APPENDIX I – LAKESHORE CORRIDOR TRACK LAYOUT SHEETS 
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