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Ovef 25 years experéence in design and construction
Key management roles on two major LRT projects
Canada Line ($2b) — Director of Facilities Design

- Seattle Monorail ($1.4b) — Project Manager, Lead Architect
(preliminary engineering phase)

Involved in rapid transit for past 18 years
From BRT systems, to LRT and Mass Transit

From transit planning, preliminary & detailed design, construction,
commissioning, and operations interface

Major work assignments on systems in service — 6

Major work assignments on systems in development - 8
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1. Supply Voltage

2. Car Body Strength

3. Accessibility

4. General Arrangement

5. Consist Arrangement

6. Capacity & Passenger Density

7. Performance, Reliability & Safety in Similar Climatic Conditions
8. Compliance with Canadian Content Policy

9. Non-revenue Vehicles (Maintenance)

10. Branding Strategy

§ \
nal Performance Ke 4 wirements

’M Demonstration & Suppiy of Modelling & Results of Expected System
Performance & Applicability to the OLRT
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12. Manufacturer

13. Design & Integration Methodology

14. System Engineering Process

15. Proven Design & Successful Application

16. Yard Control

17. Backup to Communication Based Train Control (CBTC) System
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17. Minimizing the Visual Impact of the OCS
18. Traction Power & Distribution

19.0CS

20. Corrosion Control, Stray Current & EMI
21. Medium Voltage Distribution

22. Communications
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23. Assurance Process and Methodology

24. Safety and Security Certification Plan

25. Post Construction Pre-revenue Certification

26. Safety Auditing during Operational Service

27. RAMS (Reliability, Availability, Maintainability & Safety)
28. Configuration Control

29. Integration
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Compliance of the vehicle, train control, LRT system design, and system-wide
safety and certification

Current focus — Achieving Affordability; Issues affecting compliance
Seeking feedback / information on critical issues
Where we are in the process

DPM #1 DPM#2 DPM#3 DPM#4 DPM #5 DPM #6 Feedback Submit

November UDecemnber  Januvary ‘M@mm’yﬂ . March @ Bprl 00 May 0 June July

@ Key issues requiring input from 10
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Over 35 years experience in design and construction
PhD from University Calgary
Management role on two of Canada’s largest recent LRT
projects

- SkyTrain Millennium Line ($1.2b)

- Canada Line ($2b)
Involved in rapid transit for past 16 years
Accolades/awards

-~ CSCE National Lecture Tour -1997-8

- Gonstruction Award ACI 2005

- Canada Line won Schreyer and Lieutenant Governor’s
Awards
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Following process recommended to Council on 14 July 2011

- “RFQ proponents will be directed not to commit to a vehicle. The City will
focus on the qualifying the best construction consortia. The qualified bidders
will be free to negotiate with interested suppliers to find value-based partners.
The goal will be to include as many qualifying integrators as possible. Teams
may submit as many systems/vehicle packages as they like for pre-
qualification during the RFP process. Pre-qualified systems and vehicle
integrators will then negotiate with short listed construction and integration
teams, fostering maximum competitive tensions.”
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January 6, 2012: RTG submitted 36 separate and distinct Vehicle and Train
Control packages

Previous Systems Integration Experience of Vehicle and Train Control Suppliers

sics Breda

CAF Kinkisharyo Siemens Vossloh
lst @ @ o @ @
Ansaldo STS ® ® ® @
GE @ - ® @
Invensys ® ® @
Siemens @ @ @ ®
Thales @ ® ® ® ®
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21 January, 2012: Sponsor Feedback received
15 February, 2012: RTG submitted replies to the Feedback
List of Suppliers

Alstom

AnsaldoBreda
CAF
Siemens

Vehicles

Vossioh
Alstom
AnsaldoSTS
GE

invensys

Train Control

Siemens
Thales
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proposal
RTG to run internal procurement process with qualified suppliers
RTG to select the Vehicle and Train Control suppliers
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All cars under consideration will operate at 1500 volts DC
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All vehicle supp!gers have advised that they will fully meet the specifications or
the equivalent European standards
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can meet the AODA & ADA requirements in
full

RTG team includes accessibility specialist —
Betty Dion, and we will leverage our past
projects experience (e.g. Canada Line)

Detailed Design Consultation Phase
Develop baseline as part of RFP

- Engage representatives from the local
disabilities / accessibility community

Finalize during Detailed Design Phase
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Accessibility
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Vehicle Elements to be Conszdered
- Different requirements of specific user groups
- Level Boarding — minimal gap
Circulation between door & accommodation spaces
- Courtesy seating
Audible / Visual Announcements
- Passenger assistance call buttons
Visually distinctive grab rails, signage, LED lights
- Sighage and Lighting
- \Width of Aisles / Doors
- Bellows between vehicles if an issue

To be coordinated with Stations Approach
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Over 3@ years of Transst Pﬂam ing experience

Manager of Transit Services Planning and Development at
OC Transp(‘) from 1995 to 2008

Transit service planning, design, scheduling and operation
- Service policy and standards development

Rapid transit facility design, implementation and
commissioning

- O-Train design, implementation and operation

Canadian Urban Transit Association (CUTA) Committee
Chair

Research and Development Committee (1993-2000))
Communications and Public Affairs (2000-2008)
- Board member (2000-2008)
National Research Council, Transportation Research Board

- A comparison of national policies and expectations
affecting transit

COWO0148076
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General Arrangement
Type and Manufacturers of Proposed Vehicle
B Manufacturers considered:

— Alstom

- Ansaldo Breda

v O AF

- Slemens

- Vossloh

Ansaldo 31m 4 100 kph
39.45m 5

B Vehicle width=2.65m

Various lengths available Siemens 28.9 m 4 105 kph
— 29 mto 40 m
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Siemens

100% & 70% low floor
Doors required on both sides
- Centre & side platforms

Ansaldo

Alstom

Vossioh
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3. 33 passengers /' m? for standees (crush load is 5 passengers/ m?)
40% of capacity to be seated (including flip-up seats)
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181 passengers / 30 m LRV
248 passengers / 40 m LRV
Additional capacity possible with:
uni-directional consist vs. bi-directional
~ wider LRV (e.g. 3.0 m width & 40 m length = 282 passengers)

&
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6 — 8 Additional Seats
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Fixed 5 minute headways on Saturday & Sunday

Cooncity | Period ot Peak] Headway | Consist | vehicles WSIO% L L L with 0%
MMMM&@MWN\\\\&@M@R&
12,000 Weekday 100% 2.7 3 60 66 3.7 3 45 50
Saturday 23% 5.0 2 24 50 1 12
Sunday 20% 5.0 2 24 50 1 12
18,000 Weekday 100% 24 4 88 97 25 3 66 73
Saturday 23% 50 2 24 50 2 24
Sunday 20% 50 2 24 50 2 24
24.000 Weekday 100% 2.3 5 120 132 25 4 88 97
Saturday 23% 50 3 36 5.0 2 24
Sunday 20% 5.0 3 36 50 2 24

@ 3-car consist initially, potential to operate single consist on weekends
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50 20 | 28 2 44 80

2.5 3 73 120 ; 2.8 3 66 120
2.5 4 97 160 =1 3 83 120

b
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12,000 Weekday 100% f 3.7
18,000 Weekday 100%
24,000 Weekday 100%

Meets service requirements
Fewer vehicles

Shorter platforms
B No service proven vehicles
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Car body des:gn

- Under-frame design to avoid areas where
snow and ice could accumulate;

- Hatches outside the car body designed to
avoid snow and ice build-up;

— Floor, wall and ceiling insulation of
articulation areas and areas of the
underframe;

Protection of the electronic equipment

- RoOf equipment protected from moisture and
SNOwW

- Heating of certain articles sensitive to dew
HVAC air inlet

—Designed to accommodate snowfall rates
and depths
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- All lubrication materials to have adequate viscosity work in temps to -38°C

- All materials to resist and retain elasticity in temps to -38°C
Vehicle Heating

- Heated floor

Heated entrance thresholds

- Heated roof equipment
Second Pantograph as Ice Scraper
Snow Plow

Snow Plow: CAF (Pittsburgh)
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Ssemens Edmonton, Caigary, Denver

CAF: Pittsburgh, Finland, Victoria, Beograd

Alstom: Sweden, Finland, Russia (climatic
simulation chamber)

Ansaldo Breda: Norway, Denmark, Sweden,
Cleveland

Vossloh: Norway, Switzerland (climatic
simulation chamber)
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Test Track performance testing over winter period
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RTG will provide a Certificate of
Compliance for the selected vehicle
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Content policy
Estimates of final percentage of Canadian content range from 25% to 33%

The suppliers will base their approach on:
-~ Using Canadian suppliers for parts and engineering
Local vehicle final assembly (in Ottawa)

-~ Testing and all labour costs
-~ Warranty administration, project management, administrative support

Freight costs
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25% Minimum Canadian Content in RTG Vehicles - ALSTOM (27%)
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Ful eV v . T Vahislae ANCAT PV DDA /90 4040
% Minimum Canadian Content in RTG Vehicles - ANSALDO BREDA (28.1%)
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Siemens has created an initial plan and confirms compliance to the minimum
25% Canadian Content requirement

Details of the plan are still being worked, additional information will be provided
when available

Search for the Final Assembly facility is currently focused in the Ottawa and
Toronto regions

Final location would be determined if selected as the preferred supplier
Currently Siemens uses the following Canadian suppliers:
Beclewat Manufacturing Inc., Bellville, ON (Windows)
- Interalia Inc., Calgary Alberta (CCTV, PIS)
Bach Simpson, London Ontario (Event Recorders)
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anadian content

Canadian content will be achieved by:

Final assembly at Vossloh Rail Vehicles Canada (Ontario)
- Local test facilities

- Local engineering consulting firms
Domestic components
Vossloh will use expertise gained in the manufacture of
— 2062 electric trolley buses with New Flyer in Winnipeg, MB

- Heavy rail locomotives for NJ Transit where final assembly plants have been
set up locally for the respective projects
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Potential manufacturers for other equipment include:
- Power Electronics, Inverters, Electrical Systems: Vossloh Kiepe Corp., BC
- Motors, electrical assembly: IEC Holden, QC
Passenger counters: BEA Transit Solutions, ON
- Destination signs: Axion Technologies, QC
Electronic subcomponents: Cantec Systems Lid., ON
-~ Windscreen wipers etc.: Densco Manufacturing Canada Inc., ON
Mirrors: Lucerix International Corp., ON
- Components (gauges, molded parts, tubing, etc.): Parker Hannifin, ON
- Signage: Provincial Sign Systems, ON
—Lighting: divvali, QC
-~ GCTV: Seon Design Inc., BC or Toronto Microelectronics Inc., ON
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her meet or exceed the Canadian content requirements
There are not additional items to be taken into consideration at this time
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Over 15 years experience in design, construction and
maintenance

Involved in rapid transit for past 10 years

Systems Project Manager: Jerez de la Frontera Tramway
(Spain)

Project Manager for the construction tender of Metro
North in Dublin

Project Manager: Training courses for staff of the
Croatian Infrastructure Manager

Project Manager: Consultancy services on the analysis of
the safety regulations for Israel Railways
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RTG proposed equipment and vehicles
will:
— Support our maintenance effort

Assure that the best and most cost
effective equipment is provided

~~~~~~~~~~~ Used to inspect and maintain the
track, structures and system components
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Provide emergency response o support operations
L.essons learned:
Use of hi tech equipment or vehicles with trained staff
- Jse equipment that fit the system
- Jse equipment that can do multiple tasks
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Non-Revenue Vehicles

Non-Revenue Hi-R

il Vehicles & bquipment

bl s e
TP/OCS Crew Truck (F750 type) Hi-Rail
Crane Truck Flatbed Hi-Rail
Wash/Vacuum Truck Hi-Rail

Medium Duty Switch and Production Tamper

Ballast Car

Rail Grinding Machine

COWO0148076
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on-Revenue Vehicles

Car Mover/Re-Railing/Rescue Vehicle
- Multi Maintenance purpose vehicle

— Capable of being coupled to revenue
train consist and move in either
direction the length of the alignment

Light Duty Hi-Rail Trucks
Hydraulic hi-rail gear

- Light maintenance and inspections
by track and system maintainers

Hi-Rail Track Crew Truck
—Track maintenance and repairs
Hi-Rail TP/OCS Crew Truck

- Performing traction power and catenary inspections, maintenance and repairs
Hi-Rail Welding Truck

- Maintain turnout components, perform rail change outs and field welding

- Support system and wayside maintenance and repairs
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Non-Revenue Vehicles
Hi-Rail Crane Truck

- Transport equipment and materials,
perform maintenance and repairs to
track, structures and system components

Hi-Rail Double Bucket Trucks

Perform OCS inspections,
maintenance and repairs

Hi-Rail Wash / Vacuum Truck

- Remove trash and debris from
trackway, maintain drainage systems, provide tunnel cleaning

Hi-Rail Excavator / Speedswing
- Speed swing to handle rail, track components and system components
- Excavating, brush cutting and car mover if needed
Medium Duty Switch and Production Tamper
- Tamper for ballasted track sections and turnout spot surfacing
Lining and surfacing capabilities
- Stabilizer when required
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on-Revenue Vehicles
Ballast Regulator with Snow Removal
Capabilities

Ballast maintenance

- SOW removal

« Standard wings, all season plow,
broom to handle ballast and snow

Ballast Cars
- Support track surfacing
- Suitable for ballast distribution
Flat Cars
Moving materials and equipments {o support maintenance
- (Cable distribution and equipped with skid mounted reel holders
Rail Grinding Machine
- Preventative and corrective rail grinding
Restore optimal track geometry
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The Essence of Ottawa
The vehicle and system brand must
integrate with the City vision
- Aworld class liveable city
Leadership in Public Transit
- Leadership in sustainability
- Technologically Progressive

Developing the brand should be undertaken
in partnership not in isolation & must be
holistic

- Communications Program
—  Stations & vehicles design
- Operating & maintenance strategy
~Long term operating vision
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\pproach

Adopt a partnership approach with the City
customer centric branding strategy
- Review existing project identity
Visioning and definition
- Incorporate city principles

Integrate with designs and
communications criferia

Development and Finalization

Participate in key agency consultation &
development of branding elements
throughout detailed design

Implementation & roll out

-~ Assist with a transition strategy relative to
system & vehicle branding
communications prior to revenue service
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More than 20 years experience in Operations
Management and Automated Train Control Systems

Management and design role in start-up projects
Development of transit operation plans and procedures
Canada Line — Director of Operations

Copenhagen Metro (DK)— Operations Manager,
mobilisation, design input, procedures,

MUNI (USA) — Commissioning and Control Room
Operator training

Jubilee Line (UK) — Design input
Docklands Light Railway - Operations Management,
Design input, Procedures

COWO0148076
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Manager for System Performance and Service Planning
for Canada Line

Development of service plans, single-tracking plans and
train schedules

Design role in start-up projects:

Canada Line (CAN) — System validation and service
planning

Dubai Metro (UAE) — Design lead for Automatic Train
Supervision

Guangzhou Line 3, Wuhan Line 1 (CHN), London’s
Jubilee Line (UK) — ATC software design
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Validation of Operating Scenarios 1 and 2

Station dwell times
Terminal Operations
Trip Time Simulations
Single Line Simulations
Fleet size and Capacity
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cenario 3

Operating S
Above Ground
- Platforms to be built to accommodate Scenario 2

- Platforms to be designed to protect for the eventual extension {o
accommodate Scenario 3

[EXF

@ Underground
- Platforms to be built to accommodate Scenario 3
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Approach to expansion of the system
Operating Scenario 3
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Built fo accommodate vehicles for Scenario 2
To be expandable for Scenario 3
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Vehicles provided to accommodate Scenario 1
Vehicles to allow fleet expansion to accommodate Scenarios 2 and 3
Extreme openings of first and last door to be no greater than 145m
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B Three sets of dwell times estimated and reviewed
— CTP dwells set as estimated in the Operations Reference Report

— TCRP dwell set based on APTA reference documents (TCRP
Report 13 - Rail Transit Capacity)

— EXP dwell set based on data/experience from the Canada Line
Dwell estimates used for Trip Time simulations
— Marginal differences between the three estimated dwell sets
— T CRP dwells lower than the other two sets
— Used CTP and EXP dwells for simulations
Terminal Headway
— Not included in the Trip Time simulations
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ywell times

Dwell times reviewed CTP, Tom Parkinson (APTA), and from experience
(Canada Line)

Simulations performed with two sets of dwells — CTP and from experience

I OLRT Dwell Calculations - Scenario 1 Year 2021 {Peak} OLRT Dwell Calculations -~ Scenario 2 Year 2031 {Peak)
action Station Dwel - CTP Dwell - TCRP Dwell - Exper, irection Station Dawall - CTP Dwell - TCRP Dwell - Exper,

Tunney's Pasture 162.6 162.6 68  East  Tunney's Pasture 147 147 70
Bayview 19 17 18 East Bayview 37 28 33
LeBreton 19 17 18 East LeBreton 20 18 18

Downtown West 34 25 26 East Downtown West 35 27 31

Downtown East 42 30 31 East Downtown East 42 32 37
Rideau Centre 39 23 29 East Rideau Centre 30 25 27
Campus 28 22 22 East Campus 26 22 23
Lees 18 16 18 East Lees 18 17 18
Hurdman 28 20 22 East Hurdman 29 24 26
Train Station 16 16 18 East Train Station 16 16 18
St. Laurent 22 17 18 East St. Laurent 22 19 19
Cyrville 17 16 18 East Cyrville 17 16 18
Blair 162.6 162.6 52 West Blair 147 147 59
Cyrville 17 15 18 West Cyrville 16 16 18

St. Laurent 23 16 18 West St. Laurent 23 20 20
Train Station 16 15 18 West Train Station 15 15 18
Hurdman 38 17 29 West Hurdman 37 29 33
Lees 19 16 18 West Lees 18 17 18
Campus 27 21 21 West Campus 24 21 21
Rideau Centre 38 24 29 West Rideau Centre 37 29 33
Downtown East 46 32 34 West Downtown East 40 31 36

Downtown West 37 26 28 West Downtown West 37 29 33
LeBreton 18 17 18 West LeBreton 18 17 18

Bayview 19 17 18 West Bayview 19 17 18
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eneral Comments

minal Operations — G

m Platform Operations

- Qur Terminal headway simulations indicate that both platforms will need to be
used to operate train service

B Some operational considerations with using both platforms
- No storage at terminal for spare trains
Storage of failed trains or staged equipment in one platform will impact service
- Tunney’s Pasture Station possible confusion as to next departure from station

B Would like to understand when Step Back operation will be used
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Operations — Single platform used

oo "

Step 2 BLAIR
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TUNNEY'S

Step 1 /

PASTURE

TUNNEY'S

PASTURE
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Operations - B

TUNNEY'S

Step 1 AN

PASTURE

TUMNEY'S

Step 2

PASTURE

. MErs

Step 3

PASTURE
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Step 1
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Operations — Storage and use spare train

Step 1 - Spare train stored at \\ —
terminal |

Step 2 — Train needs to
be taken out of service

Step 3 — Spare train into service
no delay to passengers
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EB-to-WB

Blair Station 66 78.4 77.1 76.3 45 123.4 189.4 122.1 188.1 121.3 187.3
Turnaround
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)perations — Headways

©
=
£
0

Short Dwell

181.3

182.1 121.3

1834 122.1

123.4

45

76.3

77.1

78.4

60

Blair Station

-WB

EB-to
Turnaround
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Trip Time Simulations

m Simulation software — SYSTRA
RAILSIM
@ Data assumptions
- Latest Alignment data
- Vehicle Specification
¢ 30m train, 2.6m wide,

« Performance spec as per the
requirements

@ Terminal time

-~ For Trip Time simulations
terminal time is not applied

Max. Acceleration

Max Acceleration

COWO0148076

1.34m/s?

No. of Cars 3.00

1.78 m/s?

Train Weight

190244 Kg
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Trip Time Simulations

B 1 AUTO Exp

D 2 AUTO Exp

F 1 Manual Exp

H 2 Manual Exp
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esults Example

enario 1-90m Train - Speed vs Chainage (CTP)
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Trip Time Simulations — Auto
Mode Results summary

B Travel time requirements were met in B 1 AUTO Exp
all cases

S‘hghtly‘shorter Trip Times than DTP 5 5 ALTO Exp
simulations

B-WB 21511 1311.1 12.37572 34

1357 1237570

D-WB 221840 1339 12.37572 33.3
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Trip Time Simulations — Manual Mode

W Based on research Manual Mode on an
automated system is generally 2-4%
slower than Auto Mode

B Manual Mode in Automatic system can
be very vulnerable {o variations in F 1 Manial Exp
drivers performance

B Manual Mode simulations indicate that
the required travel times could be met

2 Manual Exp

E-WB 22:40.9 1360.9 12.37686 32.74

F-WB 22:43.5 1363.5 12.37572 32.67

113926 12.37572 31.99
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Cycle Time Operations Scenario 1 (2021)

COWO0148076

East
East
East
East
East
East
East
East
East
East
East
East
West
West
West
West
West
West
West

Tunney's Pasture
Bayview
LeBreton

Downtown West

Downtown East

Rideau Centre
Campus
Lees
Hurdman
Train Station
St. Laurent
Cyrville
Blair
Cyrville
St. Laurent
Train Station
Hurdman
Lees
Campus

87.1
72.2
87.5
50.7
74.3
107.2
72.9
78
108
122.9
85.6
122.9
124.2
73.9
122.5
106.8
74.6
83.1
98.5

162.6
19
19
34
42
39
28
18
28
16
22
17

162.6
17
23
16
38
19
27

86
18
18
30
37
35
25
18
25
18
19
18
65
18
20
18
34
18
23
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Cycle Time Operations Scenario 1 (2021)

West Rideau Centre 84.5 38 34
West Downtown East 50.1 46 41
West Downtown West 80.3 37 33
West LeBreton 80.2 18 18

West Bayview 84.7 19 18
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Cycle Time Operations Scenario 2 (2031)

Y
East Bayview
East LeBreton 87.5
East Downtown West 50.7
East Downtown East 74.3
East Rideau Centre 107.2
East Campus 729
East Lees 78
East Hurdman 108
East Train Station 122.9
East St. Laurent 85.6
East Cyrville 122.9
West Blair 124.2 147
West Cyrville 73.9 16
West St. Laurent 122.5 23
West Train Station 106.8 15
West Hurdman 74.6 37
West Lees 83.1 18

West Campus 98.5 24
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Cycle Time Operations Scenario 2 (2031)

West Rideau Centre 84.5 37 33
West Downtown East 501 40 36
West Downtown West 80.3 37 33
West LeBreton 80.2 18 18
West Bayview 84.7 19 18

Total
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gle Line Sections — Headway Simulations
Headway in 14 single line segments simulated

Assumed 60 seconds to release interlocking (to be refined with the signalling
design for exact clearance limits)

@ Travel time though section doubled to give headway assuming that 1 train run

through in both directions
Two segments over 15 minute requirement

@ Platoon mode in ATO or Manual modes offer an opportunity to increase
capacity through the single line sections.
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REDERG TRANSE
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Single Line Simulations — RAILSIV

Ottowa LT EB - Segment with Outoge 1 (CTP)

Results Example
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Fleet Size and Capacity

e AR s
Capacity — Weekday Service

06:30 - 09:00 2.7 12022 24 18025

15:00 - 18:00 2.7 12022 24 18025

21:30 - 23:00 8 4073 8 5430
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30 years experience in System Engineering of CBTC Transit
Systems including T&C Manager on Canada Line
During commissioning of Train Control system for the initial
phases of Vancouver SkyTrain:
Pioneered the development of the system engineering
processes for CBTC systems
- Worked closely with the operator to develop operational
strategies (operational requirements analysis)
- Achieved every major milestone opening date
L.ead the team which leveraged the SkyTrain success to other

projects including the San Francisco Municipal Railway
(MUNI) and the Docklands Light Railway in London, UK
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B.Sc., Telecommunications
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e D W \\\\ ‘SIEMS kﬁ;« 0 “\&‘%\\3’

15 years experience in Railway Systems

Project Manager CBTC, OCC and Platform Screen
Doors — L9 Metro Barcelona

Systems Manager — Abu-Dhabi’s LRT design
Vehicle and Systems Manager — Metro Bogota design

Project Manager — CBTC Project Specifications L1
Metro Santiago, Chile
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Alstom Transport

- Ansaldo STS

GE Transportation

Invensys Rail

Siemens

Thales Rail Signalling Solutions

COWO0148076
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CBTC General — Architecture

Legend
2200 Trackside
i ATR

AT

ATS

Signals - Track
Circuits - Counter's
Axels - Point
Machines - Other

signalling components

COWO0148076
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Automatic Train Supervision — Major Functions

@ Train Regulation:

- Schedule
- Headway
- Energy Conservation

B Automatic Train Routing

® Trip Assignment

Turnback Handling and Deadlock prevention

@ TSCC Operator Interface

Firewalled Interface to other systems (SCADA, City Systems)

B |ocal control of Interlocking for failure management
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Automatic Train Protection — Major Functions:

Train tracking

Safe train separation, including roliback management
Interlocking Management (route locking, approach locking, etc.)
Enforcement of safe train speed, including zero speed

Train door supervision

Train mode supervision

Deadman switch supervision

Train integrity supervision

Automatic Train Operation — Major Functions:
Control train speed in accordance with scheduled profile
Operate train within passenger ride quality limits

Automatic door opening and closing with override
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ATP-ATO Functions Wayside — Onboard
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asic
Architecture

Distributed
configuration

High availability
Separated CBTC
network

Tunney’s Pasture

Non Revenue

Blair Station LRV 1 LRV n Vehicle
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Operation

Data available at both
TSCC and BCC all the .
time )
Mainline can be
controlled by the
TSCC or the BCC

YCC controls the yard
Oﬂ!y T Data/Alarms

‘Ey Commands

CiH1

87 Interlocking
. interlocki Y VM)
i e
PLC | J
| LRV1 LRV
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mic Control Managem
Only one location can be in control at any given time
Transfer of control restricted to supervisory personnel

TSCC not
available.

T Mainline under
) BCC control

Mainline under
TSCC control

T pata/Alarms FCommands o (D charge
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Back Up System in case of Communication Failure

CBTC System Availability > 99.99 %
Dedicated Fibre Optic Network
- Fully redundant
- Cables physically separated to minimize common mode failures

@ Dedicated wireless train - wayside network

- Redundant APs
- Robust secure bi-directional communication system

- Radio coverage guaranteed along the trackside in case of AP failure

@ Alarms and status of all CBTC and signalling components (wayside and
onboard) will be reported and logged by the ATS.

- Failures will be corrected promptly while the redundant unit maintains
operation

Total failures of CBTC System or CBTC Subsystems will be very rare

@ Ongoing operator training will be required to maintain failure management
skills
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Back Up System in case of Communication Failure

Total Failure of central ATS or DCS:
- Fixed Block Train Detection System supports operation
- Interlocking will work independently during failure
- Onboard Manual Release Mode will limit train speed
- Train drivers will operate according to line of sight
- Signals at interlockings assist safe operation
@ Total failure of onboard CBTC

- CBTC Bypass mode will support removal of train from service in the
unlikely event of a total failure of onboard CBTC
@ All failure modes will be analyzed and appropriate operational procedures
developed in cooperation with the operator
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Methodology for Broken

Broken Rail Detection System. Different options:
- [rack Circuits
- Ultra-Sound System

@ Alarms of unexpected Track Circuit Occupancy or Broken Rail Detection
reported to ATS and driver

Restricted speed forced by the System

@ Operational procedures required to instruct drivers to watch for a broken rail. If

the driver confirms there’s no broken rail the speed restriction may be lifted
from TSCC
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Yard Control
Limited space results in challenging yard operating procedures

Specified vehicle may require frequent coupling and uncoupling for
unscheduled maintenance

@ Optimal solution is driverless yard operation

- ATP system will enforce that driver is on the train before it can exit the yard

- ATP System will Emergency Brake a train which is switched to Yard Mode
when not in the Yard

@ Each Controller (Yard/Mainline) controls entry into their respective control area




COWO0148076

FNKAL TRANSH 10

Transfer - Yard to

Mainline

Normally scheduled by the
Train Control System

@ Yard Controller will route the

train to a platform in the Yard

@ Dispatcher informed and Driver
dispatched

@ Driver performs inspection and
changes mode to ATO/ATP

@ Yard Controller calls route {o
Mainline entry signal

@ Mainline Controller calls route
to allow train entry onto
mainline
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Transfer — Mainline to Yard

Normally scheduled by the Train Control System

CBTC System or Mainline Controller calls route to Yard entry signal

Yard Controller will route the train to a platform in the Yard

Driver changes mode to driverless yard operation and exits the train

Yard Controller will route the train to storage or maintenance as appropriate
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monstration of Successful Application in
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m A CBTC System operating low-floor LRVs in a climate similar to Ottawa's has
not been proven in revenue service

Major components of the CBTC System will be service proven
Major components of the Revenue Service vehicle will be service proven

RTG will perform a due diligence review to satisfy ourselves that the system
integration risks are manageable
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Thorough requirements analysis

Able to choose proven suppliers and subsystems

Comprehensive test & verification planning

Emphasize off-site acceptance testing

Maximize simulator and test tracks

Propose to involve the operator in commissioning as early as possible
We will mobilize our maintenance staff early
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Stakeholders Requirements Validation
Design Reviews
- Gonceptual Design Review
- Preliminary Design Review
- Final Design Review

W System Interface Management Plan

- ldentify all interfaces
- Define interface management organization, responsibilities and processes

W System Interface Specifications
- Assign responsibility for managing and engineering the interface
- ldentify any other entities involved

- Specify the agreed interface arrangement

- Specify the interface functional, performance, reliability, maintainability and
safety requirements

- Specify the method and schedule for verifying the interface integrity
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Validation

Verification an

7

/f Trial Running

Integrated System Testing

System Validation Plan

Requirements and Specification

Development System Verification Plan

Subsystem
Verification
Plan

/ Site Acceptance Testing
Post Installation Check-Out Testing
Test Documentation Preparation

f; Factory Acceptance Testing
First Article Testing

/j Prototype Testing

Typical Validation and Verification Engineering Model
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Cannot test systems which are not under configuration control

Configuration Management Plan:
Methodology and procedures to control and document the System
configuration
Major subcontractor configuration management processes and procedures
- The organizational structure with respect to configuration management
Change Control Management Plan:
Methods and procedures to be employed to handle changes during the
project period
- A detailed description of the change life cycle and statuses
Major subcontractor change control processes and procedures
- The change control organization
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Configuration Data Management P
- Process and methods to handle configuration data
- Configuration data to be supplied to third-parties
- Configuration data to be supplied by third-parties
- Configuration data formats to be employed

- Configuration management procedures to be employed for the
configuration data

- Configuration data schedule
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2 rToROsed mquiipDment \ tional Safe w
Asset management system tra@ks all configurable items, systems plans,
maintenance reports, remedial actions, instructions and procedures
Change Management Board - key personnel of the organization to authorize,
review and approve changes to those baselines including deviations
Evaluation of Change Request: benefit/risk criteria are examined:

Benefit analysis

Impact on safety

- {mpact on quality

Impact on human resource planning
Impact on interfaces to the entire system or to related systems
Impact on reliability, availability and performance




COWO0148076

FNKAL TRANSH 10

Integration
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Formal system engineering processes

Use proven systems and components
ldentify risks and mitigate with expertise etc.
Test systems offsite as far as possible
Prioritize key interfaces

Systematically add functions and subsystems
Use Yard as an initial test bed
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Integration:
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Train Control Commissioning for Typical Project

Station Controllers
Manual Area Local
Correspondence

%

frist

» Control Room Equipment

= [lectronic equipment
room

= Switch Control Room

= Loops

» Switch Machines

= Manual Areg Sighalin

CC182 SMCMSF
Station Controllers =i
Manusl Area Signaling .

Datarcom Test Suideway

Correspondence

Automatic Speed
Control Field
Integration Tests

Vehicle Contro Centre | System Management
Field integration Tests = = Centre Field
. ey integration Tests

Legend
CRO-£
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Systems desggned for Ottawa s extreme climate

Major subsystems service proven

Environmental qualification testing

O&M Procedures to deal with “extremes of weather” prepared
T&C personnel trained in these procedures

Use inclement weather as a test tool as far as possible

Simulate extreme conditions when necessary (soaping rails for adhesion
testing)
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Safety training and management during T&C

Use proven suppliers and subsystems

Use Yard as a test bed

Involve operations early

Test subsystems and key interfaces off-site as much as possible
Use expert resources to mitigate project challenges
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lest & Commissioning and System Demonstration
T&C Plan, Schedule ar‘ad iest procedureg prepared
Key O&M Rules and Procedures prepared (e.qg.):
- Clearances, including Track Access and Authorizing Train Movements
- Activating and deactivating Traction Power
Hand signals
- Train Entry/Exit from maintenance shop
~Train re-railing
Sufficient O&M staff trained and ongoing training schedule prepared
T&C Site Safety and Security procedures and training complete
Emergency Services personnel orientation and training in progress
Agree on Test Readiness authorization criteria (e.g.):
— First train in ATO
—Trial Running
Revenue Service
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of the ‘ .

Optimal Solution - No OCS
- More expensive
Less reliable in cold weather

Single Messenger Wire Solutions
- Slender structures

Attach to underside of structures
to optimise pole spacing
Consider colour to blend with
context
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Over 20 Years Experience in Power Distribution
Major Projects include
Canada Line
- Calgary West LRT Extension
- Edmonton North LRT Extension (CM Role)

- Vancouver Skytrain Expo Line Traction Power
System Upgrade

Kuala L.umpur Monorail
Kuala Lumpur LRT2
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—F-Telle)
- SCADA
CCTV
N =74
Networks/Fibre Optics
— Telephony
Expert and complex control systems
Major Transit Projects include
- anada Line
- Calgary West LRT Extension
Edmonton North LRT Extension (CM Role)
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Preliminary Design — Traction Load Flow
Modelling

Train Operation Model (TOM)
Simulation Program

Simulation performed in two parts
« Train Performance Simulation

« Electric Network Simulation

Train Performance Simulation
provides

» Train power profile output

»  Summaries of train trip times and
energy consumption
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Preliminary Design — Traction Load Flow
Modelling (continued)
Electric Network Simulation provides

« Current and Power flow through
transformer rectifier units and
feeders at each traction substation

« Train voltages at locations on the Guideway

- Results of Simulation verifies proposed Electric Network is suitable for the
train Operation

- Simulation is performed for cases:
« Normal — All traction power substations functioning properly
« Contingency - Any one substation out of service
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tion Power
System designed to support
- Scenario 2 (18,000 pphpd)
upgradeable to support Scenario 3
(24,000 pphpd)
System Characteristics used in
Simulation:
-~ 1500Vdc fraction Voltage
- 8 Traction Power Substation

« Locations as shown in Project Agreement
«  3MW extra heavy duty transformer rectifier unit

- QCS — one 500kcmil messenger wire and one 350kemil contact wire (20%
wear)

Running Rail — 115lb with 10% wear
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Scenario 2 Simulation Finding

- TP3SS 2 slightly overloaded

« Locations of the Substations not
optimal spacing

« TPSS 2, TPSS 3, TPSS 4 and
TPSS 5 should be more to the West

Scenario 3 Simulation Findings

Many transformer rectifier units overloaded
« Require increase in rectifier size (4MW)
- Train voltage low and will affect train performance

« Require additional messenger wire
- Recommend to review and upgrade at the time Scenario 3 is required
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- Each OCS section is fed from two
neighbouring substation at both ends

DC switchgear in each Substation is
common and ties all the OCS
Sections together

For a Failure of a Substation

Bypass switches are provided to
ensure the OCS section is tied
through and not single end fed

For a failure of the terminal
Substation a tie switch will be
provided to tie Westbound and
Eastbound OCS Section
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- Each Traction Power Substation will be
loop fed at 13.2kV from Hydro Ottawa

MSF Traction Power Substations:

- Two Traction Power Substations
* Yard
«  Maintenance Shop

- Yard Traction Power Substation fed at 13.2kV from Hydro Ottawa

Maintenance Shop Traction Power Substation may share 13.2kV feed with
building feed

Three underground passenger station will have redundant 13.2kV feeds

Hydro Ottawa feeds at Downtown West Station and Rideau Station and
looped to the stations
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Designed for the Ottawa Environment
Mainline

Simple catenary with 350 kcemil
contact wire (hard drawn copper)
and 500 kcmil stranded messenger
wire
— Stagger typically 300mm
Mainline: At grade and elevated
sections
- Simple catenary auto tensioned

Existing overpasses with low
clearance use of elastic supports

Pole spacing no more than 60 m
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Mainline: Tunnel and Underground Areas
- Simple catenary fixed termination
- Alternative use of rigid conductor rail.
Benefits include:
* Ease of installation
+  Minimal Maintenance

» Higher conductivity than simple catenary to
the voltage drop to trains

« Reduce height of tunnel

« No tension, therefore wire breakage is not
an issue.
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Protecting passengers and public from OCS
Failures

- \Where clearances can not be met protective
guards will be installed

« Catenary shrouds on bridges and other
locations where pedestrian traffic is close to
messenger/contact wire

- Metal structures and metal protective guards
properly grounded
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Corrosion Control Strategy

General Strategy

Minimize the levels of stray current
through track design

Review of underground metallic
utilities under or near the guideway
and provide necessary protection

Grounding and bonding of guideway
structures

Provide surveys of levels of stray
current during stage of construction
and operation

COWO0148076
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Stray Currem
— Metallic utilities near or under the guideway will be documented
— Discussion with Utility Companies

« Existing protection applied
« Agree on any further protection if required.

EMI

- |dentify Potential Stakeholders
« CBC
« NRC

« University of Ottawa
- |dentify Other Potential Stakeholders (VIA Rail, O-Train)
Standard Levels of EMI from LRT Equipment
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Stray Current Measurements
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Use Qf ‘!5@@\/dc instead of 750Vdc to reduce traction current and therefore
reduce the rail to ground voltage

A floating negative traction system for the mainline
No diode grounding

Electrically isolate the Mainline, Yard and Maintenance Shop rails

Track Design with rail to ground electrical isolation of at least 250 Ohm/300m
Rigorous testing program during installation to ensure this criteria is met.
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Corrosion Control, Stray Current
EMI/ EMC Strategy, Applicable Design Techniques & Miti
Strategy is to eliminate, reduce or mitigate EMI
Source equipment complying with relevant sections of EN 50121
- Lightning Protection and Grounding
Follow recognised design standards, guidelines and technigues
AREMA, APTA and IEEE
- ENand I[EC
Review Traction Power delivery
0OCS
TPS locations
Mitigation
- Measurement and field surveys
— Mounting location
Shielding and blocking
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Recogmtzm of Saumes and Receptors:
- Early identification of Sources of EMI
«  Within railway, likely to affect external bodies
« External, like to affect the railway
- Early identification of affected Receptors
« External bodies likely to be affected by EMI

Development of EMI/EMC Control Plan
- Engagement with all potentially affected parties
Discussion of all potential risks arising together with mitigation
Design Practices
Design and installation in accordance with recognised standards
EMC Demonstration at the end of the Project
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Deve!apmem of supporting dmumentamn
—  EMC Control Plan

« RTG will prepare an EMC Control plan that outlines the responsibilities of the
various participants and defines all EMC deliverables schedule and
standards.

EMC Control Report

« RTG will prepare the EMC Control Report, which summarizes the complete
OLRT system and integrates the EMC Control Analysis and Reports from
various subcontractors.

EMC Risk Assessment

« Each subcontractor shall support the RTG’s EMC Risk Assessment activities
including providing support personnel for any Review Team, as required.

EMC Control Analysis

«  Where appropriate, as determined by the RTG as part of it's EMI/EMC work,
any Subcontractor will be required to prepare, maintain, update and submit to
us, an Electromagnetic Compatibility Control Report
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Devempmem of supporting documentatgen (2)
- EMC Demonstration Plan

« RTG will prepare an EMC Demonstration Plan that will be conducted during
the Trial Running period and will demonstrate that, in the reasonable
judgment of RTG, the System has met the specified performance criteria and
that the System is capable of safely operating.

- EMC Demonstration Report

« RTG will prepare the EMC Demonstration report outlining and summarizing
the results of the demonstration including presenting the pass fail conclusion
together with any applicable recommendations.
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Key existing systems to be integrated:
- QOttawa Public Service Radio (PSR)

+  Voice and low speed radio to vehicle
and voice to operating staff

~ QG Transpo PABX
« Passenger telephony and intercoms
« QOperational staff telephony

- PA/PIDS System

«  Common interface for delivering Public Address and station variable
electronic sighage

- |ntrusion and Access Control
«  Common access control across all OC Transpo sites
»  Able to control RTG Maintenance staff access
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Design:
- Built around the requirements of PSOS, NFPA 130, etc.
- Stations modelled using EASE

Equipment:
Digital signal processor
- Amplifiers
- Speakers
- Microphones
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unications

Design:
-~ Built on the requirements of

Transport Canada,
APTAIT-CCTV-RP-001-11

Camera views modelled as
part of station layout

Equipment:
Fixed and PTZ cameras
- Switches
— Storage
- \Workstations
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Design:
- Built on the requirements of IEEE 802.11, and the existing Ottawa PSR
- Coverage models run for tunnel, guideway and station coverage

Equipment:

- Access Points and antennae for High Speed Radio

Distributed Antenna System for funnel
coverage for Ottawa PSR

- Station antennae for underground stations for Ottawa PSR
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Built to monitor and manage Station E&M
and Traction Power systems

Built to control Tunnel Ventilation for normal
and abnormal situations

Equipment:
- RTUs for Station E&M and TPS

FPLCs for TVS Control

- Central system for TSCC/BCC and YCC
interfaces
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Specialist in Systems Assurance for the Transit Industry
- System Safety
- Reliability, Availability, Maintainability
Plans
— Analysis
- Certification
Clients Include
- Toronto Transit Commission
- (30 Transit

- SNC-Lavalin (Canada Line)
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afety Case

Rewviow Snabysen:
.+ Project o for Confractors

+ PReer Meview for Profect o

Assurance Process & Methodology —

¥
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Safety and Security of the OLRT during revenue service operation:
- Responsibilities
Policies
- Operating Rules & Procedures (jointly with system operator)
Data gathering
- Audits
- Gorrective Actions
Templates Available:
- Non-proprietary sections of the Canada Line SMS
- Transport Canada’s Railway Safety Management System Guide
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@ Roles and Responsibilities of:

- Major Contractors in supplying documents & signing certificates
- Project Co in supplying documents & signing certificates
- Client in reviewing and accepting documents and certificates
Types of analysis to be provided by Major Contractors and Project Co
Preliminary List of Safety Certificates with draft samples
Relationship with other professionals
- Givil Works
- Architecture
- Fire/Life Safety
- Code Compliance

m System Safety Certification Plan for Canada Line available to RTG as template
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Suggest Cambm ng wzth Sys’{em Safety ngram Plan
Will provide the following requirements:
Listing of project RAM numerical requirements
Listing of project RAM testing or demonstration requirements
- Allocation of numerical requirements to major subsystems
QOutline of RAM documentation from major subcontractors
Outline of RAM numerical roll-up by RTG to overall project

Separate documem suggested with tighter distribution
Threat ldentification

Threat Mitigation
Risk Register
Security Certification
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Operational S
RTG & Major subcontractors will provide Operating & Support Hazard Analyses
as part of Safety Case
RTG will be Responsible for Maintenance
RTG will conduct annual audit of maintenance procedures for
- Evidence of adherence to Maintenance Procedures
- Evidence of mitigation as per Operating & Support Hazard Analyses
- Evidence of mitigation as per all Hazard Log items
— Appropriate training for all safety critical roles
- Reconcile variances

Agree with Operator that similar steps will be taken for operating procedures

COWO0148076
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Canada Line System Safety Certificate No. 0001 & 0103 (p. 1)
r § E
by CANADA LINE A . ‘
2 SYSTEM SAFETY CERTIFICATE &_ﬂ%&amfmi <) cvsren i HATA LINE '& Canada Line.
SNC+LAVALIN No. D01 PRAGECT GFFICE SYSTEM SAFETY CERTIFICATE
ANCLAVALIN Ne. 0103 PROVELT GFFILE.
Completion of this cartificats indicales that the Canada Line complias with &fi applicatle safely oritaris in
accordarice with the System Safaty Certification Plan for the Canads Line, and is therafors safe to be ::gﬁm:“ﬁ‘z&%mﬁf@“f"d’m” that “va:?tﬁﬁ;f” Byidanos :;’:waﬂ';;:“::gmy
i ics for pudd in accord i 2y nagent A PP )
placed in sarvics for prddic use in & ance with the Bafety Man ent System certified in acordance with the Syatem Saiety Catficaton Pian.
This cartificate and rede o & T wens aiso prapared 4 of ! with the T ' I N
requirements of Clause .13, Engmsennq Work of ihe drafl susument received from BCSA on Juns 10, CERTIFIRBLE ELEMENT NUMBER § NAME: DATE OF BERTRISATE:
o 32 it feod) M e
201?:")0?91 Raﬂwsyfs@m o ' and b or Britsh 0103 Vehicles Ingpection & Tesling Date: July 24, 2008
Dale of Certificate: This cartificete is effective as of July 28, 2009 in 8¢ of service 1t RESTRICTIONS STATUS & CLOSURE REQUIREMENTS: ingpactions to be performed per
which is scheduled for August 1, 2009, Certificate 0921 untl magnetic valves are Instslisd.
RESTRICTIONS STATUS & CLOSURE REQUIREMENTS: During times when a singie stay cable i being BACKGROUND
regtaced on the Morth Arm Bridge, operation shall be restricted lo ons train {thees cars maximum} on the
bridge &t a time. Resrictian o be fifted wnsn csbfs rep&aoemem is complete. Special Instructions, 1. in sccordance with the ERC Contraet Part 1 Section 1.1 "EPC Work” and “EPT
v g Nates and Of in Dperationg Bulietia 110, lnspactaons are Obligations’, SNG-Lavain is tesponsibie for Vehich design and fabrication per Concession
o be pen'mmed per Oparations Builetin 109 until t vaNes arg instatied on il wahi Agreemant, Schadule 2, Sectivn 6.2 g and for tasting and commissioning per Schedule 2,
Sestion 6.2 kk snd Scheduie 3, Section 18,
The attached System Safaty Cerfificates spreadsheet identifies each of 1w satety cortificates for the Z. inder Contract 01E876-PCANN0, the Hyundal-Rutem Company (Rotem) is respooaitle for
Canada Line, and the status of signaturss. The signaturss. on ssch indisaia scoeplance by arie or more the supply of the Vhicies, indluding design, manufatture, assemibly, testing, and
- gatared in BC for that element of the Ganada Line. et arstoma ol o ueh e sopptd by peibiogg 0
rain Con 'y O {Hex;
Alss altached is the Hazand Log 35 requined by the System Safety Castification Plan, The signatures on ah .
the Hozard Log indicate that all hazards hiave been administened in acetrdance with the Sysiem Satety 3. Responsibities wete shared Rotern and SNG-Lavalin (the EPC) as follows:
Cariification Pian. Test Type Rotem Responsitiities | EPL Responsibilities y

 Factory Acceptance Tests (FAT)

There are tour other Hazard Legs for the Canada Ling project, Rutem provided a Mezard Log tor the
First Artinle Insnectin «FAQ

Vehicies, Thales promed a Hazard Log for the AT systam. WRSL (Westinghouse) provided a Hazard
Log for ihe Cs SNC-Lavalin prep an tace Hazard Loy covaring the
interfaces beh the Vehickes, ATC and C Al d% fn ail Hazard Logs
have besn administered in socordance with the System Sataiy Certification Plan.

The origingl sigred certificates and supporting system safisty documentation are ocated in & 3-ing
binder with the title 'Syatem Salety Canifizates’. These are lunated in the Canada Line Froject
Reconds file. 4 preliminary copy of this binder was provided fo BCSA on Jung 1, 2008, that date RELATED CERTIFICATES

being 60 days prioy to the led savice nent, but with some of the certificates in

draft and unsigned. The complete binder iz being issued to BSA 85 of the date of this cedificate, 1. Qerificate D101 Dasign Pequirements for V:h!dw )dentzﬁes sarety criticat and safaty
including ail signed certificates, the System Safety Certification Pian, the Prefiminary Hazars of Vehicla subsy and i d teains.

Analysis, the System Safety A Iysls for the Tunnel Ventilation Bystem, and the Hazard Log. EVIDENCE

Revommended: &, McW P. E‘”:;’ﬁ“ 1. Rolerm provided a Vahick History Book for ach Vehicle and for each Train. Thess are

ket in Docurment Control st SNC-Lavalin
&ﬁ‘Vﬂ/\q §on
L

‘ ) 1.1 The Vehicle History Book for each Train includes:
-

A
\.@\ *

Prapare Procedure,
) Accept Procedure, withess
psﬁo:m test, prapare teot, 3 report

60 oot saroquea | EPore Procedure, pariom

111 A Ceitificate of Conformance, signed by Rotem, certifying that the tao Vehicles
have been manufactured and inspecied per specification, and tested with
acceptable results,

S%' tems Assurance Manager - Ganada Line) {Technical Diractor ~ Canada Line} oo SOMinued on Page 2
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System Safely Cerlificale Mo, 0103, Vehicles spection 5 Testing Systen Safely Cantificate No, G113, Vehistes inspection & Testing
112 Train Composition, showing the Train Numbse, Vehicle Mumbers, Carbody 2. Alatterwas provided (RTFM-RAN-(-0590), which certifias that the Software and Hardware
Normes and Sl e o s o e i s st et s
1.3 Boftware Varsion Nurabers for each of the relevant subaystems, SiTs). ’
.14 Tesin Tast Ruports for the FATs and FICCs, The SAT reports are kept in the Al SATs and SiTs have been sarred out with satisfaciory results, with the exception of the

1.2

vame location, bul are in separate binders for sach train,

The Vehicle History Book for asch Vehicle include:

1.2.1

1.2.8
.37

A Corifinata of Corformance, signed by Rolem, certifying that the Vehicle has heen
manufaciured sod inspected par apecification, and lested with actaptable ravullty,
The eompenent rauting results sre inciuded in the Vehicle History Boaks; the
companent Type Test reponts ware provided as offivial dovumentation — bard cupies
are kept in Docurment Controt at SNC-Lavalin,

Wehicle Composition, showing the Yehicle Numbsars, Carbudy Mumbers and Bogie
Mumberg.

List of putatanding Rems (Punch Listy, which was generated at the time of the Pre.
Shipment inspaction, was maintained in the History Book for epch vehicle, Thess
items didd not interfere with ths FATs and have been corrected with the following aoe
expaption, which it not salety-riated; 3 hostier panel cover modification to prevent
ratiing when closed and locked - this hag been ransferrad 1o PraTrans’ Work Order
systamy. ARter aach Hem was comected, # was inspected and signed off 48 complate
by the EPC Cordraglor or a dasignale representative. In May 2008, all remaining
s weve wailing for matenal delivary and wers transberrsd tp ProTrans’ Work
Order system. The list of pulstanding items is a dynamic st and all currant items
are frackad sither in the TEC SharePoint Defects or by the Work Order systam.

Non-cordormance Records, which are & reccrd of ail NCRy gensrated by Rotem
againat aach vahicte, These wen correcten and did not intertars with testing,

Engineering Change Notices, which are a revord of all ELNs gensrated by Roter
against sach vehiche, Athough thess are unretated to this testing cenificate, these
are ilentified here, sinve 4l other Ran in the books are isted. These mndifications
hiave bean applied (o alt toains, with he two following axceptions which are it
safety-related; the appiication of interior decals, anif ihe hostlar panet modification
idantified in 1.2.3 sbove.

Equipmant Seriat Numbers of subsyst and o

Bogie and Carbody Inspantion Records include the assernbly recbrds and
dimensionality chacks caried aul by Rotem’s qually inspectors. Copies of ihe FAL
reponts are kapt in Dosument Control al SNCLavalin. Centifiostes and Test Raponts
for the instalisd equipmant confinn that they Runction s designed,

rircicne e COTinued on Page 3

vehicte wash fast, which is not safety related. Copies of the proceduras snd reports 1or these
tests have been signed and are kept in Document Control at SNC-Lavalin,

Al safety critical and sufaly ralated items that are isted in Genificate 0101 have been
addressed by vehicle design andior testing. Al test specifications and raparts were raviewsd
by the EPC Contractor and signed coples are kept in Document Cantrol at SNC-Lavalin,
Hyundai-Rotem confirmad that the traing comply with ai safety critical and safety related tems
{RTP-RAV-09-0580}.

I accordance with Contract DIGB76-PLAG00 Section 11,1, SNC-Lavalin issued Taking-Over
Certficates to Rotem: Taking Over Centificate for Trial Running {documant D16§76-5000-
ABPABW-0013, issued 127 June 2009 for alt traingg and Takirg Ower Certificates for flevenue
Kervica Trainsets 101 ~ 120 {documents 918876-5000-40PA-BW-0014 ~ J16376-46PA-5 -
0033, issued 24 July 2000 for ali frains). Each Cenlificate stated that the tralns were
substantially complste according ty the Contract and intluded a Punch Bems List of items that
woultt hot interfers with the upcoming operations. The Final Acteptance of the trains will take
place 2 years afiey the wlan of Revenus Service.

Confiemed: 8. Oukley ot

Conflemed: R, thowskl

Ll

(Vice President, Mass Transii Transportation}

it

ingham

Approved: A, Cunsi

SR

%,
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Page 2
& CANALA LINE e . I auste o e —
. }} SYSTEM SAFETY EERT\F[CATE & Cavadda Lme i System Sufety Certficate No. 0R04, ATC Systems Asswrance
SNC-LAVALIN No. 0204 PRDELT OFFICE 31, Canada Ling ATC System YOBC Subsysiom Safely Analysis, Nev 62, 30L 00351 0078
DUZZA,
Complation of this certificate indh that appmpriate evid tas been provided that the y P o ETE ; i "
Cartiasble Element dosorbad batms Hos witk all spplicable safety ovtads, and s bereby 12 gf;?g: Ling ATC System STC Relay Rack Sefety Analysis, Rey 01, 30U 05381 D134
cenifiad in accorance with the Syster Safety Cartification Plan, R
CERTIFABLE ELEMENT BUMBER & NUE: DATE OF CERTFICATE L3 gfﬁ% Ling ATG Systern ATC VOO Subsy Safely Analysis, Rev 0, 3CU 0351 102
9204 ATC Systems Assurancs Date:  July 28, 2008 i T
4 Canade Line ATR System ATC System Data Communications Sakely Analysis, Rav 01,
RESTRICTIONS STATUS & CLOSURE REQUIREMENTS: None 3CU 0351 Q151 DUZZA.
BACKGROUND . Canade Line ATC Systam ATC System Statkn Contelier Subsystem Safaty Analysty, Rey

G, 3CU DO35T DDED DUZZA,
1. Tha Automatic Train Contref (ATC) system for the Canada Line was desigred and

assembled by Thales Rail Signalling Solutions. 15¢. {formerly Alcatal Canada Inc ) 16, Csnuds Line ATC Systers Hasat Log, rev 01, 301 00357 0088 DUZZA, and
Company under subcaniract (158764300, 17, Safely Certifivation Letter # 0588,
2. i ancond the Carada Line Syst ety Cenification Pl 4
;m:m,ﬂmnv;gmxfm: ‘f‘:r ;e ,Q?c )4:: Sﬁ“ s?,: hizh °§LZ’§ - ayausm Satety The following documents were produced by Thadas, and teviswed ang accepted by SKC4avalin
Qyatems ) were provided in a Design Briaf, Systam Safely Guidelnes far Camda Line sons Rosteave:
Cantraclors. 18, Canada Line ATC System Vehicle interface Control Document, rev 04, 3CU D0351 0014
EVIDENCE PBZZA, g
The: following system safety ducuments wars provided by Thales, and reviewsd and sccepiad 1 ATC System On-BoardVahicle PHAHA rev, 03, 30U 00381 UDE8 DUZZA,

by SNCdavalin, These meet the reguirements of Background tem 2 above.

1. Canads Line ATC System ATC System Safety Program Flan, sev 03, 30U 00351 0003 he following dacuments woe: produced and acoopted by SNC-Lavalin:
DU

ZEIA, 20, ATG-Veicls Hazard Logs; Lo, Design Briofs 016676-3030-4850-SW-001 and 016676~
2. Canada Live ATC System ATC Preliminasy Hazard List and Analysis, rev 02, 304 FHBEB-BW-B0Y
DOIST VIS DUIZZA,
3 Canats Line ATC Systam VORC Interiscs Relay tnit Safely Analysis, rev 02, 30U
00551 000 Dlizz T eiece ey Uni Seloty Anslyes, v Confirmed: B, MeDanns f %"} Approved: M. Paimas

4. Canade Lins ATC System Safe Braking Model, rev 83, 30U B0361 D072 DUZZA,

5. Ganade Line AYC Systam ATC Systam C8SHA, rev 02, 3CU 60351 01158 DUZZA, l},@’/
6. Canada Line ATC Systom ATC System Hazasd Analysis, rev 02, 3CU 00381 N08Y é
UZZA,

7’
7. Canada Line ATC System ATC System Fault Tree:, rev DZ, 30U 00351 0059 DUZIA, (Spsiams Assurance Manager) (ATC Project Manager)
8. Canada Line ATC System ATC Systam FMEGA, rev 02, 2CU D351 2002 DISZZA, Approved: K. Tagg 5o EFY Approead: R, Wmdhe«adm«%%
$. Canada Line ATC Systam ATC EMC Control Plan, v 02, 304 00351 0004 VEZZA, K ;,fgigf\ iy ; ity
A A i .

1. Canads Ling ATC System ATC System Peeliminary EMC Caniral Repon, rev 03, 3CU
00351 0071 QRAZA,

* ,;4;,
é»&e s
s
............... cantnued on Page ¥ (Sysiems Manager) {Technical Dirsclor} ‘Wmuﬁ*‘
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& CANADA LINE % )
» SYSTEM SAFETY CERTIFICATE  to Ganada bing
SNCGLAVALIN No. 5703 PROJECT GITICE

Completion of this certificste indicates that appropriate evidence has been provided that the
Certifiabie Elsment described below complies with alf applicable safely criteria, and is heneby
certified in accordance with the System Safety Ceification Plan,

- FYUF Y
S i3 Fl &
cate No. 0703
Page 2
Bystern Safety Certificate Mo. 0703, PSAD Instaliation, inepsction & Testing
EVIDENCE
1, All tasts (FATs, FAls, PICOs, SATs, §1Ts and Trial Running) have been performed

with satisfactory results, Capies of the procedures and repors for thess tests have
been signed and are tezpt in Document Control at SNC-Lavalin.

DERTIFABLE CLENENT HUIBER & MAMES DATE OF CERTIFIGATE:

D703 PEED instaiiation, Inspection & Testing Date: July 16, 2009

RESTRICTIONS STATLS 8 CLOSURE REQUIREMENTS: None.

BACKGROUND

1. Inaccordance wih the EPC Confract Part 1 Saction 1.1 *ERC Waork” andg "EPC Obligations”,
SNC-Lavalin fs responsibie for the design and construction design of the Fower Sugply and
Digtribution system {PS&L) per Concession Agreemsnt, Schadule 2, Section €.2 (2) and for
testing gnd commigsioning per Scheduia 2, Section § 2 Kk and Schedule 3, Section 18,

2. SNC-Lavalin subcontracted the supply and instaliation of elements of the PSD system o 4
number of subconiractors, Responsibliitias for Factory Acceptance Yests {FAT), First
Articie Inspection (FAL}, Post installation Gheck Out (PICQ), Site Acceptance Tests (BAT),
System Integration Tests, (ST}, and Trial Running were split betwaen the subcontractors
and the EPC ag follows:

Confirmed. P Les

{Testing & énmméssimiﬂg panagen

.
{P& & D Manager} o

Appmveg‘bs rgm}gha 3 Approved: B Wolonneit

R oy

Equipment Subcontractor Respansibilitios EPC Respunsibititios
Prepase FAT and FAL .
procedisres, perform tests, | #O9R prm;re::b:;gess tests,
prepare reports
Peifasm inspections, prepare | Prepare PICO proceduras, accepd
All PEAD Equipment repots roports
Preparg pracedures for SITs and
Bupport as required Triat Running, perform fests,
fespare reports
Substation Prepare SAT procedures, Accept procedures, witnass (ests,
perfom tests, prapare meports acoept feparis
Wayside Disconnect
Switches . Prepans SAT procedures,
 Stingersysters Support 5 required perform tests, prepare reparts
.uu...ﬁ.*‘..l.‘.é’é.!‘a'!?.??:fﬁ?m
ups Prepare SAT procedures, Accept procacures, vimness tests,
perform tasts, prepare reports accert reporis
Aceept procedures, perform tests,
FHNAGS Prepare SAT procedures prepare s
Generators and Power | Site commissioning, prepare
Distibution Centras, repont Aocept repart

. continusd on Page 2
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R Y Byl AT T L)
) PFage &
0)) SYSTEM %’:{S‘E\?ﬁ é?%mc ATE % Canada Line System Satety Certificate No. 0503, Electramagnetic Compatitifity
SNC+LAVALIN No. 0603 PROJECT GFFICE 6. Al otiher EML related commissioning leats have been completad, inchxding ATE testing,
vehiclas testing and multirain testing. No £MC issues have been identified.
Camiphstion of this certficate indicates that appropri i hags been provided that the 7. WRSBL dotument FH26-18.02-PLOGOCT, Rev 1.3, EMC Contrsd Plan dusaribed how EMC
Certifiable Blement described tazhow complies with alf applicable safety criteria, and is haraby would be achisved beiwenn the Communications System snd other Canada Line systems,
certifisd in accondance with the Systerm Safely Certification Flan, and the sumounding snvieonmeant, inchiding YVR.
8. WREL will provide & repori which describes the resuls of activities performed in
CERTIFINGLE BLEMENT NUMBER & MAME: DATE OF PEIMT: accordance with the Communicstions System EMC Contre! Plan. In consideration of fam
" # t { b hig cerificats is signed
0903 Elastromagnetic Compatibility Date: May 28, 2009 &.atve, thig s not Y BRI 22 C& -
Cor’l@tmed . ?ain‘m
SESYRICTIONS STATUS & CLOSURE REDUMPEMENTS: None ' ,:
BACKGROUND "li/ -@ { e
1. As the Enginzering, C tior arwd P t Conteactor, SNC-Lavalin is reapansible
for ensuring the mufual Elesmromagnstic Gempatibitity of eath of the Canada Line systems. {Systems Managsr) ATC Pr"-"’“ Managar)

as well as the Efsctromagnetic Compatitiiity (EMIC) of the Canada Line with #ts naighbours,

and spscmcauy YVR. Confirmed: 5. Oakley

Coafirmed: . Davy
s

pansibiiies were cont i i Rotern, Thales, and WRSL. via the E&M
gs.er}lggggg cation, section 2.11. .
EVIDENCE
1. Thates descoribed how EMG would be achizved between the ATC and other systems in o N San ol .
ducument 3CU 00351 0004 UEZZA, Canada Line ATC System EMC Plan, Fev 02, {Communications anaget) {Roling Stack Manager)
2. Thales provided evidencs of ) verifl of the EMC raguiremaents in document - Approved: B, Mclonnsif | j: Approved: K. Wordhsad
3CU 00361 D071 QZ2ZA, Canada Line ATC Bystam EMC Control Repoet, Rev 03. S V)
3. Rolem provided the totiowing EMC reparts, which indicate that the spenifien EMC limits 5 Iy
are mat exceeded. . LV%J 9‘&5‘
3.1 RAV-1000-80-003({A1)_EMC Factory Test Report presents fhe test results of the ooy 7 Z;
slaciromagnetic cormgatibifty of the vehicle (carried ot 10-20 Septamber 2007 in %Z"" v{:rl * Yy
ther Changwon factory). ystems Assutanice Mamg@?}@,ﬁ el {Technicst Director}
32 RAV-100D-6Q-B0MAT)_EMC Main Ling Test Repori presents the test resuits of AR e

tha electromagnetic compatibitity of the vehicis (carred out in the OMC depot on
12-13 Febraary 2002 and on the main line on 20-21 May 2008).

4. BRC-Lavaiin descrived how overall EMC would be achisved in docurmant 0188766-1310~
4GPA-SW-005, Rev (0. Canada Line System EMEG Cantrol Plan.

5. Testing was performed in accordance with the Canada Line System EMC Control Plan,
and spacifically to assess the potential interfarence which the Canada Line could cause to
the navigation systems at YVR. The test was performed by CNSS Enginesring on behalf
of YVRAA and NAY CANADA using a two-car Canada Line train at the OMC an January
24, 2008 i a time whan thers was ise and frost tulidup on the 2nergized power rail,
‘These conditions wers sought, sinse electamagnetic emissions increase when there is 2
poor centact between the coliector shoe and the power rail. The Canclusions section of
the tesf report states: "On the basis of thase tests, the operation of the light raif system at
Vanuosvar Intemationat Alrport should have negligible effect on communicstion systems
tocated at the Alr Traffic Contral Tower.”

.. continued on Page 2
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Construction Si

g ey @ R -
g8 F § L N S Roee § FU W £
UL L VIgMOer mims
Bl 0§ Jod EVWISed PERSRed § §E e

Based on Corporate policies of RTG Partners
- NO compromise on providing safety
ISO Certified; Corporate safety manuals
- Senior Executives Accountable; staff accountability
Develop and implement controls
- Hazard analysis; prioritize and classify

- Training; prevention planning; tool box meetings
- Lockout and control procedures

Verification Activities
- AUdits, inspections and reporting
Track Record
EllisDon — recipient of John Beck Award, two of past three years
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%ﬁ@y§$$U@@

The Pra;ec;t Agreement in Article 6.2 (j) of Part 5 of Schedule 15-2 states that

the Ottawa PSR will be upgraded to a P25 system in 2015. This has unknown
implications to:

System design
Radio interface to the vehicle

- Tunnel/underground station radio distributed antennae system

We need some more information on the anticipated system design, frequencies
deployment, etc.




COWO0148076

RIIEAL TRANSIT




COWO0148076

HDEAL TRANSH

av&”;@yiﬁmﬁgﬁmﬁg

. A S &8 o8 ST Y™ £ M o d
§ ISPy P § &8 § &\ \. i¢ \‘z i?}\ & FRIFSIM™MEag \
Guestion#®#71 UL M *a\“ | Ridersh ” FOrecas

a) of S@h@du%@ 15 2 Part 1 of th@ PA r@ads as follows:

\\«\\ o s s ‘E o ‘% ‘\ ‘i‘ § ..\ . & \ \ PR SN

§ \ Fi8 S8 § 83 s FEREY L ITY FIAR

§ E] ¥ Mo ¥ g \w\ 08§ RFFRS \w-‘sxx}‘ § o8 A
B ’ & o

L T
\e;m god RUF TR F FLEEIE S
SEELUN oD LT PRI AR, ik e e e

Based on the response provided to RFI OLRT-0075 it is our understanding that the
“‘OLRT Project Ridership Forecast” dated January 27, 2011 and attached to that
RFI are the ridership numbers that will be used to measure compliance with the
Operating Scenario’s, Station Sizing and Capacity, etc... The Ridership Forecast
includes Scenario’s for "Without Gatineau” and “With Gatineau”. Please clarify
which of these Scenario’s will govern compliance.
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Please identify the organization(s) who will be responsible for signing
acceptance of the Project Co recommendation that the OLRT is ready for

1. Traction Power Energization,
2. First Train Movement,

3. Multiple Train Movements,
4. Trial Running, and
5. Revenue Service.
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uestions

£7

744

In the response to a certain Vehicle and Tram Contmﬂ Prequa!efscatson
submsssnon th@ Spmsmrs stat@d: “..uses D ~

We agree that Schedule 15-2 requires that the Train Control System employs
an algorithm to maintain train position during spins and slides but we can find
no clause that requires a "software only™ algorithm.

Also RTG cannot find a CBTC System that uses a "software only” algorithm to
maintain train position during spins and slides.
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As an alternative, would the use of r
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