COWO0523276

LRT SYST LES

In accordance with RFP Schedule 3-1 instructions, this section describes the Rideau Transit Group solution for Vehicle
and LRT Systems — a solution that brings togsther a world class light rail vehicle manufacturer with a state of the art
supplier of Communication Based Train Control.

From the outset of the OLRT bid process, the RTG team was intent on finding the “right” solution for Ottawa’s unigue
needs. We began by canvasing the globe in an international procurement process. For mare than six months, the RTG
team thoroughly reviewed submissions from the world’s leading suppliers of rail vehicles and systems. We measured and
evaluated their products and performance against the Otlaws challenges - cold dlimate operations, state of the ard
vehicles and frain conirol but proven in service, modem low floor convenience plus 100 kim per hour capability to name
just a few — with a goal of putting the "best of the best” together in one integrated packags.

Our selection of Alstom Transportation's CITADIS vehicle and Thales for train control and systems will place Ottawa’s
new light rail system at the head of the class, mesting the industry’s highest levels of safety, comfort and reliability.

Worldwide, Alstom Transportation is a global powerhouse, having eamed in excess of $8 billion in Revenue in the past
opsrating year. The company also has significant experience in the North American rolling stock business. It maintains a
large manufacturing plant in Homnell N.J {ons of the largest in NA) and has produced more than 7000 transit vehicles for
transit authorities and rall customers. In Canada the company has Transport division offices in Otlawa, Montreal and
Toronto. Alstom is very experienced in technology transfer to meet both the letter and spirit of local content regulations as
discussed in Section 5.4.2.

The Citadis vehicle is the ONLY 100 per cent low floor vehicle operating at 100 km in the world today. lts sleek urban
design is the ideal solution for Oftawa’s urban environment, offering the ideal blend of form and functionality in one
vehicle, lts maintenance advantages are also proven. The Ixege pivoting bogie design {which utlizes conventional axels)
has been shown fo have lower life cycle and maintenance costs and better performance, particularly in the snow. The
Ixege bogis allows the passenger interior of the car o have all of the accessibility and convenience of a 100% low floor
LRV but many of the operational and performance advantages of a 70% low floor LRY. This will prove invaluable in winter
operating conditions in Ottawa,

Thales is a global technology leader in the Transportation, Asrospace, Defense and Security markets. In 2011, the
company generated revenues of $17 billion with 67,000 employees in 56 countries. With its 22,500 engineers and
researchers, Thales has a unigue capability {o design, develop and deploy equipment, sysiems and services that meet
the most complex security requirements. Thales has an exceptional international footprint, with operations around the
world working with customers as local partners.

In Canada, Thales has been operating for more than 30 years, employing 1,300 people in its Transportation, Defense &
Security, and Aerospace sectors. Canada is also headguarters to Thales Centre of Excellence in Signalling with offices
are in Ottawa, Toronto and Vancouver that employ over 800 people. The CBTC signalling solution was first deployed by
Thales on Vancouver's driverless metro in 1986, Today, CBTC technology has become the de facto standard for urban
rall systems, Since then, with more than 35 systems squippsed with its SelTrac CBTC solution and over 10 million
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cumulative hours of operation to its credit, Thales has more experience with this solution than any other provider in the
world. Successiul projects in Beljing (1.2 million passengers a day on the two lines equipped by Thales), Shanghai (1.6
million passengers a day on the & lines equipped by Thales), Wuhan, Guangzou and Hong Kong have made Thales a
market leader for transit signalling systems in maintand China. Thanks to SelTrac CBTC technology, the Docklands Light
Railway - one of the busiest lines in the London transport system, with 70 million passengers a vear - delivers over 98%
availability — a remarkable achievement since it includes the availability of the fixed block backup system. The Selfrac
CBTC installation on the Canada Line achiaves over 99.95% availability {again including wayside componeants) even
though it does not have as extensive redundancy as will be provided for the OLRT.

Thales’ technologies and solutions are particularly well sulted to the requirements of transit systems. Safety, reliability and
cost effectiveness are fundamental to modemn light rail system operations. Thales' systems conirol train speed and
direction with great precision; this optimizes use of system assels and wansiates info enhanced performance and cost
savings for the oity. Thales’ systems are in operations with major metro operators worldwide, including those of
Vancouver, London, New York, Shanghal, Hong Kong and Dubal,

In addition fo each company’s independent success storles, Alstom and Thales have worked successfully together on
sevaral joint transit projects ~ the London Underground Jubitee Line and on Shanghai Metro Lines 6 and 8. The Shanghai
instaliations employed 1500 VDC as s proposed for the OLRT. Throughout the design phase, Alstom and Thales will
work closely with an engineering joint venture (EJY) comprising SNC-Lavalin Inc., MMM Group, and specialty consultants
selected for their Project-specific expertise to deliver the best sclution to the City.

541 LRT SYSTEME DESIGN PROCESRSBES

RTG brings together the strengths, capabilities and expertise of ACS Infrastructure Canada Inc.; SNC-Lavalin Capital, a
division of SNC-Lavalin Inc.; and EllisDon Inc. On announcement of Praferred Proponent these companies will form a
special-purpose vehicle {Project Co} to contract with the City for the OLRT Project. Our team will use their combined
experience on past projects to deliver the LRT Systems and Vehicles using the formal set of design processes explained
helow.

54.1.1 Design Methodology & Lessons Learned

Successiul system integration slarts with developing proper processes 1o validate requirements, implement them in a timely
marner, and verify that the delivered system is safe and reliable, Over many vears of experience on successiul transit
projects, RTG has developed a set of practical and resulis-orfented systern enginesring processes. These are doocumented
in the plans and specifications defined in the following sections and incorporate the following key lessons leamed;

Perform a thorough Requirements Analysis to fully understand the City's requirements

Use a formal engineering process through all Project phases to manage the work, track requirements and conduct
comprehensive test and verification planning

Thoroughly document interfaces and, in particular, vehicle interfaces {e.g. Train Control and wheelirall)
Chooss proven suppliers and subsystems best suited to the City’s requirements

Emphasize off-site acceptance testing and maximize the use of simulators and ltest tracks

involve operations and maintenance stafl in commissioning as early as possible

E B B B

The design methodology is shown graphically in Diagram 5.4.1 D2.14 and the interaction with the overall Project is shown in
Diagram 5.4.1 D218,

Systems Enginesring Flan

The Systems Engineering Plan described in this section will apply to each OLRT system in a manner commensurate with
the safety level it is designed to provide. The Plan will ensure the fracking of system requirements and configuration
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through Project design, implementation and test phases to support system assurance, quality, safety management and
certification and to ensure a safe and reliable Maintenance Term.

The LRT Systems and Integration Manager will prepare the Systems Engineering Plan at the conceptual design phass,
based on the current internationally recognized systems engineering standard: {SO/AEC 15288, Systems Enginesring ~
System Life Cycle Processes.

The purpose of the Systems Engineering Plan is to define an integraled sel of engineering processes, thus assuring the
City that good engineering practices will be followed in the systems enginsering of the Works, as follows:

® Establishing and evolving a complete and consistent set of requirements that will enable delivery of a feasible and
cost-effective systems solution

Satisfying requirements within cost, schedule, and risk constraints

Providing a system, or any portion of a system, that satisfies the City over the life of the products that make up the
system

# Satisfying Sustainability requirements including safe and cost-effective disposal or retirement of & system or part
thareof

The Systems Engineering Plan will specify the following slements relative o engineering of the System:

®  Agresment processes {e.g. product acquisition, product supply, subcontractor management and evaluation)
Project management processes (8.g. planning, assessment, project control, and risk management)

®m Technical processes {(e.g. the City's requirements definition, requirements analysis, design, implementation,
integration, verification, transition, validation, operation, maintenance, and disposal)

Proposed technical review process
Summary of documents required by the Plan

Design Mlanning

The LRT Systems and Integration Manager will prepare the Design Management Plan for System design aclivities at the
conceptual design phase. The Plan will include the following elements:

# Organization of the Design Team
® System design activities:
- Plan and schedule for managing the requirements, analysis, definition, and  validation phases
- Design review and audit schedule
- Document submission schedule
- Drawing submission schedule
#® System design slements:
- Document tree, Hlustrating the documentation hierarchy
- Drawing tres, Hllustrating the drawing hierarchy

Design Reviews
There will be three design reviews for the OLRT System:

m  Conceptual Design Review {CDR)
# Prefiminary Design Review (PDR)

& Final Design Review (FDR)

In addition there will be a PDR and FDR for each major sub-system within the Works,
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The formality and scope of these design reviews for the System or sub-system will depend on the complexity, size, and
risk associated with the System or sub-system. In the following discussion, the term system {lower case) may refer fo a
system, sub-system, or component.

Conceptual Design Review

Senior designers from each discipline will prepare documentation for the CDR defining the theory of operation of the
overall OLRT System, including major sub-systems, sub-system interfaces, interfaces to external systems, and any
requiremnents the system may impose on exiernal systems or equipment. Special altention will be paid to operator
interfaces.

Preliminary Design Reviews

A primary goat of sach PDR will be to validate system requirements to ensure that they are the complete, necessary, and
sufficient set of requirements for the system, that they are congistent with the City's intent, and that the system supplier
understands them. Typical documentation submitted for each POR wilf include but not be limited to the following:

B Reguirements analysis and cother documeniation to demonstrate that the proposed system mests the specified
requirements

Functional descriptions of the system and its major sub- systems
Equipment layout and functional architecture
interconnection drawings
Finalized interface specifications
Mock-ups of operator interfaces
Confirmation of the following:
- Sub-system specifications have been defined appropriatsly
- Enabling products have been defined adequately 1o initiate enabling product development, if required
- Approaches plarned for the next design phases have been appropriately planned
- Project risks have been identified, and mitigation plans are feasible and judged to be effective

E E E B B B
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System Assurance documents and checklists to confirm that the design conforms to quality safely and RAMS
requiremnents (see also Section §.1.5.1)

Open items from previous design reviews for the system will be addressed and/or resolved during the PDR.
Final Deslgn Review

For each FDR, senior designers from each discipline will prepare documentation that confirms the following:

Specifications, drawings, and/or software development files have been appropriately defined
The end product designs satisty system requirements
The systemn meets one of these criteria:
- Ready for continued design and development
- Appropriately defined for purchase of products from an external supplier
Ready for manufactureffabrication

- Adsquately defined such that off-the-shelf products and/or proven products can be used to fulfill system
requirements and are available

Systemn Assurance documents and checklists to confirm that the design conforms to quality safety and RAMS

requirements {(see also Section 5.1.5.1)

B

2

For each FDR, detailed designs and other documentation will be prepared with sufficient information to confirm a
complete design and allow manufacturing/construction to proceed. Typical submittals for an FOR will include, but not be
fimited to, final design and instaliation drawings, shop drawings, calculations and analyses o demonstrate that the system
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will meet the specified requirements. All open items from previous design reviews for the system will be addressed and/or
resolved during the FDR.

For each FDR, a System Verification Matrix (SVM) will document how each of the validated requirements will be verified,
and the status of that verification. The SVYM will be updated periodically to maintain the status of the requirement
verification.

Other Reviews
Other types of reviews may be held on an as-appropriate and as-required basis:

Pre-System Definition Reviews which, during the Project’s conceptual phase, will consider all concepls analyzed
and select a preferred concept for further development thal has the polential for salisfying identified City
requirements, In addition, this review may assess progress fowards converging on a viable, traceable set of
System Technical Requirements that are balanced with cost) schedule, and risk. This review will also ensure the
design is oplimized In terms of safety, operations reliability, availability, maintainability and lifecycle cost, service
dependability, fallsafe design and failure management of the system operation. OLRT system optimization is
discussed in defail in Section 5.1.5.1.

# Readiness Reviews which, during the Project’s integration and test phase, will demonstrate that delivered end
products from lower layer systems have been validated, or that validation tesis are adequately planned, and that
each set of integrated products forming a compesite end product is ready for end-product verification and
validation, if required.

m Audits which, during the Projecl’s manufacturing, integration and test phase, will demonstrate and confirm the
following:

- End products comply with their specified requirements and product verification outcomes compare
favourably against configuration documentation (e.g. drawings, test procedures, authorized changes,
software development files, as -built/as-coded documentation)

- The as-built/as-coded configuration has been favourably examined against itg  configuration
documentation {e.q. drawings, bill of materials, specifications, code lists, manuals, compliance test
compliance data)

- Producis have been built to drawings and satisly specifications

- The information database represents the work products of the system development

- Required changes o previously completed specifications have been implemented

- Enabling produets for downstream associated processes are available, can be execuled, and mest the
City’s requirements

® Process Reviews which, during the Project’s integration and test phase, demonstrate that the development of
enabling products for associated processes is on schedule, and that designs satisfy related end-product needs.
Examples of Process Reviews are production readiness reviews and test readiness reviews.

# Independent Contractor Evaluations, Reviews, and Audits may occur as required throughout the Project

System Requirements Specification

A System Requirements Specification that captures the City's requirements and System technical requirements will be
prepared by senior designers. This specification will be reviewed with the City 1o ensure that RTG completdy understands
the reguirements. The Requirements Management Database will be created and maintained using the DOORS
requirements management database tool.

The System Requirements Specification and Sub-System Requirements Specifications will be reviewed as part of the
Preliminary Design Review.
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As summarized in Table 541, requirements have been validated when it is determined that the subject set of
requirements describes the input requirements and objectives such that the resulting system products can satisfy the
requirements and objectives.

Table 5.4-1 | Requiremenits Validalion

General

Requirements
Validation

The LRT Systems and
Intagration Manager will
ensure that technical
requirement statements
are well formulated

Analyzing and ensuring thai each requirement siatement is stated with:
clarity, correciness, feasibility, focus, modifiability, removal of ambiguity,
singularily, tesiability, and verifiabiiity

Analyzing and ensuring that technical requirement statemenisin pairs and as
a set are stated with connectivity and without redundancy and conflicts

Defined System
requirements will be
reviswed against the Cily's
nesds and expeciations

Selecting methods and defining procedures for validating thal the setl of
Sysiem requiremenis is consistent with the lavel of syslem struciure, and the
Validation Plan as appropriate

Analyzing and comparing identified and collected requirements fo the set of
defined System requirements o determing upward and downward traceahility
Identifying and resolving variances, volds and conflicls

Recording validation resulls

System
Technical
Requirements
Validation

Defined System technical
requirements will be
reviewed against validated
the City's requiremsnts

Selecting methods and defining procedures for validating that the sat of
System technical reguirements is consistent with the level of systems
structure and the Validation Plan as appropriate

Analyzing and comparing identified and collected System  ischnical
requirements with the set of defined System technical requirements {o
determine upward and downward traceability

Analyzing assumptions made with respect 1o defining System technical
requiremeanis to ensure they are consistent with the System being engineerad
Analyzing System lechnical requirements that have bean definad as essential
for the design effort where there is no parent requirement in the set of the
City's regquirements, fo ensure they are consistent with the System being
engineared

{dentifying and resolving variances, voids and conflicts

Revalidating System technical requirements whenever a requirement change
affecis the City's requirements, or Systam technical requirements

Recording validation results

Computer-Based Systems

Software

Tasks will be undertaken fo ensure that System software complies fully with the following requirements:

Operates without degradation during all date changes

Uses a formal methodology for structured modular code design and implementation appropriate to the application

and safely integrity of the System
m Uses open standards and non-proprietary protocols for all interfaces except where propristary protocols are

required to facilitate integration with legacy systems or to meset City requirements
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w Ensures that configuration details are available down {o the appropriate software configurable item
® Is capable of local leading and, where operationally required, remote loading

Formal documentation, change control, testing and verification processes will be appropriate o the application and safety
integrity of the System for software quality control.

Software Development Management Plan

Where the System includes components of proprietary software development, a Software Development Management Plan
for the System will be prepared at the conceptual design phass, to include, but not be limited fo, the following:

# Organization including identification of Software Development Manager and key team mermbers, as well as position
descriptions {e.g. qualifications, fraining)
® ldentification of subcontractors including thelr qualifications, how the Plan and other plans apply to them, and how

they are assessed and evaluated during System development

Software development philosophy

Software lifecycle including phase input and output details, and phase entry and exit conditions
Quality assurance and control activities and procedures

Development schedule {e.q. critical activities, how key dates will be achieved, resourcing levels)
(uality schedule including audits and reviews

Strategies to accommodate contingencies and changes {e.g. software development schedule, resources)

g 8 B 8 B B

The Software Development Management Plan and the software lifecycle processes documented thersin will comply with
internaticnally recognized standards.

54.1.2 Systems Interface Management

interface Management Plan

Al the conceptual design phase, an Interface Management Plan will systematically identify documents and provide a
management tool for resolving technical interfaces between subsystems and between the System and external systems
across all disciplines. This will include all System elements that have a direct or indirect interaction with systems or
aquipment external o the System. The Interface Management Plan will be updated as the interfaces evolve.

interface Specifications

Each interface will be managed within a system of interface-control documentation (primarily interface specifications),
which will include, but not be limited to, the following definitions:

The organizational entities responsible for managing and engineering the interface and other entities involved

®# Details of the agreed interface arrangement {e.g. physical installation, civil, power supply, signal levels, transfer
characteristics, message formats, communications protocols)

# The functional, performance, refisbility, maintainability and safely requirements of the individual elements forming
the interface

# The proposed method and schedule for verifying interface integrity, individual element performance, and combined
system performance

The interface control documentation will be reviewed in the process reviews and design reviews and will be updated as
the interfaces evolve.

When interfacing to systems provided by others that are part of the Works, RTG will jointly prepare the interface control
documentation with the third party.
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interface Communications

An organizational structure and corresponding procedures will be created for coordination and communication of interface
data among the suppliers of systems and sub-systems within the system and interfacing fo it. The City will be provided
with design crileria that clearly define interface requirements between the System and systems provided by others,
including any civil, structural, and fixed faciliies that may interface to the System.

Configuration Data

During execution, Works suppliers will exchange configuration data (e.g. Station identification, track locations) using a
structured, well-normalized record format. Project-wide configuration data guidelines will provide an overview of
configuration data formats and structures specifying items such as abbreviations and Project-level identifiers.

The exact format and content of configuration data to be exchanged will be specified In configuration data control
documentation (primarily Configuration Data Specifications). Such documentation will include, but not be limited to, the
following:

m  Detailed description of each item of configuration data, including how it is infended {o be used
m Delailed desoription of the format of the configuration data, using examples if possible

Typically, there will be one set of configuration data control documentation for each configuration data interface with
another entity {8.q. supplier, subconiractor). Subcontractors will prepare the interface-specific configuration data control
documentation and comply with Project-wide configuration data guidelines.

Configuration Data Management Plan

A prefiminary version of the Configuration Data Management Plan will be prepared for the System at the conceptual
design phase, with the final Plan prepared at the preliminary design phase. It will include the foliowing:

Detailed description of the progess and methods to handle configuration data

Description of configuration data {o be supplied to and by third-partiss

Desaription of copfiguration data formats to be ussed

Configuration management procedures

Change control managem ent procedures

Configuration data schedule {e.g. when configuration data is to be delivered to, or is required from, others)

E BE B B EBE B

54.1.3 \Verification & Validation Strategy

The LRT Systems and Integration Manager will coordinate system verification and validation activities with the appropriate
design phase as shown in Diagram 5.4.1 D.1C. The System Validation process provides a comparalive assessment {o
confirm that the City's requirements are correctly defined. By asssssing services presented to the City, validation
demonstrates that the correct system entity has been created. Tasks include Requirements Validation and End Products
Validation.

The System Verification process will be used fo ascertain the following:

m  System design solulion generated is consistent with its source requirements and the specified design requirements
are fulfilled by the system end product

B End products at each level of the system structure implementation, from the bottom up, meet specified
requirements

Enabling system development or procurement for each associated process is properly progressing
Required enabling systems will be ready and available when needed to perform

Test and commissioning plans will be developed, organized, and implemented to verify the adequacy of the System to
meet all functional, safety, systems assurance, and performance requirements.
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All materials furnished (including spare parts) and all work performed as part of the Works will be inspected and tested. i
specific hardware, software, or documentation does nolt meet specific requirements, it will be repaired, replaced,
upgraded, or added by the responsible supplier as necessary to correct deficiencies. After correction of a deficiency, all
tests necessary to verify the effectiveness of the corrective action will be repsated.

Factory and site tests will be performed. Deliverables will not be shipped until all required factory inspections and tests
have been completed and all deficiencies have been corrected. Site testing will ensure that the System has been properly
installed, and that the System satisfies all performance, safety, reliability, and funclional requirements while in actual
service, Spare parts will be tested in the identical manner as other equipment.

Before testing starls, the City will have approved all test plans and procedures for the test, and all relevant prerequisite
testing will have been completed. inspection and Testing will comply with 150-8001:2008, clauses 8.2.4 "Monitoring and
Measurement of Product” and 7.6 *Control of inspection Measuring and Test Equipment’

Test Documentation Submitials
RTG will submit test dogumentation to the City including the following:

# A Validation, Inspection, and Test Plan for acceptance at the Conceptual Design Review. This Plan will
demonstrate that the Contractor has considerad all testing requirements and made adequate schedule provisions
for testing in the overall schedule.

# A System Test Plan and a Test Plan for each sub-system for acceptance at the Preliminary Design Review listing
the tests required to fully verify that the System meets functional, safety, and performance requirements.

& Detailed test procedures for acceptance for each test identified in the test plans identified above, no later than 90
days befors testing.

# A Commissioning Test Plan for the System for acceptance at the Preliminary Design Review. These plans will fist
the tests required to fully verify that the System has been properly instafled and to demonstrate that the System
satisfies all performance, safety, reliability, and functional requirements while communicating with a full
complement of devices under actual service conditions.

® A 90-day look-ahead schedule detailling all testing activities propo sed for the period covered. The first schedule will
be submitied 90 days before the first test scheduled and a revised schedule will be submitted periodically as
required,

Test Reports containing the results of all tests conducted at any factory or field location.
Deficiency repori(s), periodically or as required.

Test Documentation
Yalidation, Inspection, and Test Plan

The Validation, Inspection, and Test Plan will include af least the responsibilities of individuals and documentation of
validation and test results and will include, but not be limited to, the following Hems:

w Flow diagram indicating the logical sequence of validations and tests, starting with materials receiving tests and
inspections and concluding with system demonstrations tests

Validation schadule

Test schedule

Responsibilities

Record-keeping assignments, procedures, and forms

Procedures for performing validation

Procedures for monitoring, correcting, and re-testing deficiencies

Procedures for controlling and documenting changes made o hardware and software after testing starls

g B B 8 8 8 B
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g Coordination needed from the City

System and Sub-System Test Plan

Test plans will demonstrate that the System supplied is complete, safe and operable and will include at least the following
ftems:

Test schedule
Responsibilities

Block diagrams of the hardware lest configuration including external data transmission interfaces, and defailed
descriptions of test andfor simulation eguipment

Estimated duration of each test
Coordination nesded from the City

Calibration and its traceability to known standards of hardware, software, simulation tools and test equipment to be used
for testing

Commissioning Test Plan
The Commissicning Test Plan will include at least the following:

Commissioning test schedule

Responsibiliies

Recordkeeping assignments, procedures, and forms

Procedures for monitoring, correcting, and re-testing deficiencies

Procedures for controlling and documenting changes made to hardware and software after testing starts
Coordination needed from the City

2 B E B EBE B

Test Procedures

Test Procedures will describe individual test cases and the steps comprising each case, with emphasis on the methods
and processes (o be followed:

Objective of the test

Regquirement(s) fo be demonstrated and verified

Required setup and conditions, including descriptions of test equipment and required data
Descriptions, listings, and instructions for test software tools and displays

Step-by-step descriptions including inputs and user actions for each test step

Expected results including the passifall criteria

Technigues and scenarios used to simulate system field inputs and controlled equipment

E E B BE E B B

Test Records

Complete certified Test Records of all factory and field acceptance test resulis will be maintained and delivered to the
City. Test Records will be keyed to Test Procedures and will include the following:

]
]
]
B
B
]
&

Refersnce to the corresponding Test Procsdure

Date the Test Procedure was executed

Description of test conditions, input data, or user actions differing from that described i n the Test Procedure
Results for each test case including a passedfailed indication

Name of test engineer and the City's Representative {if present for execution of the Test Procedure)
Provision for comments by the City's Representative

Coples of any defi ciency reports generated as a result of the exscution of the Test Procedure
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w  Copies of reporis, display copies, and any other hardeopy generated by exscuting the Test Procedure

m  Configuration data that fully describes the hardware and software that was tested, including software version and build
numbersfidentifiers for every software module

Failure Reporting, Analysis, and Corrective Action

Throughout the periods of System fisld testing, demonstration, and warranty, a closed-loop Failure Reporting, Analysis,
and Corrective Action {FRACA) system will determine the cause of all test fallures, unscheduled part removals, and other
deficiencies. To identify falled paris and pertinent data and actions relating to each failure, faillures will be classified and a
cumulative summary of all fallure analyses maintained. RTG will apply this process to all OLRT System and subsystem
fallures including performance failures.

FRACA data will regularly and systematically be evaluated to identify and monitor failure trends, no-trouble-found
incidents, and new-failure effects.

End-Product Audils

During the Project’s integration and test phase, end-product audits of the System will be held which, during the Project’s
integration and test phase, will demonstrate and confirm the following:

w  End products comply with specified reguirements and product verification oulcomes compare favourably against
configuration documentation {e.q. drawings, lest procedures, authorized changes, software development files, as-
bullt/as-coded documentation)

®  As-built/as-coded configuration has been favourably examined against configuration documentation {e.g. drawings,
bills of material, specifications, code lists, manuals, compliance test, compliance dala)

Products have besn bullt to drawings and satisfy s pecifications

The information database represents the work products of the system development

Required changes to previously completed specifications have been implemented

Enabling products for downstream associated processes are available, can be executed, and meet City requirements

g 8B B8 B

Readiness Reviews

Readiness Reviews may be held for the System which, during the Project's integration and test phase, will demonstrate
that delivered end products from lower laver systems have been validated, or that validation tests are adequately planned,
and that each set of integrated products forming a composite end product is ready for end-product verification and
validation, if required.

Tests on Completion
Tests on Completion will include alf testing to be performed before Complstion of the Works.
First Article Inspection

To ensurs units are suitable in all respects for the purpose intended, a First Article Inspection (FAI} will be conducted on
the first production unit of each sub-system prior to the first shipment of equipment for that sub-system from the factory.
The FAl testing will include, but not be limited to, the following:

Electrical and mechanical construction testing
Vibration and impact resistances testing
Temperature and humidity testing
Functionality, performance, and timing testing
Accelerated life testing

EMC testing

E B8 B B 8 B
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Critical items of the System’s equipment that do not have a proven history will be subject to qualification testing.
Equipment Tests

Sample units from production will be subject to routing and Quality Control inspections and testing.

Factory Acceptance Tests

YWhere appropriate and reasonably practicable, Factory Acceptance Tests (FATs) will be conducted on systems and sub-
systems in a factory environment representative of the actual operating environment, to demonsirate that System items
under test can perform in accordance with specifications, before being installed. The deliverable hardware and software
will be tested. Upon completion of testing, a FAT review will confirm that the system or subsystem under fest is fit fo be
deployed and installed.

Post installation Checkout Tests

Post-installation Checkout (PICO) testing will demonstrate that all system hardware {including spare parts) and software
functions propery in the installed environment. The installed system will be verified against installation drawings to verify
correct installation and that system equipment has not been damaged subseguent to shipment from the factory.

The field installation test will include a complele system inspection including but not limited o proper installation,
grounding, cabling, conformance to plans and drawings, neatness, equipment access and installed versions of hardware
and software. All cables will be tested for opens, shorts, grounds and high resistance.

Tests will be performed on each sub-system and group of sub-systems {using a botlom-up approach) to verily that they
are operating correctly in the target environment. Tests will also be performed on groups of sub-systems using a bottom-
up approach to verily that they are operating correctly in the target environment.

Site Acceptance Tests

After PICO Tests, Site Acceptance Testing (SAT) will be performed on installed System equipment and subsystems using
the approved set of SAT procedures. These procedures will generally be a subset of those performed during FAT testing,
but will also focus on requiremants which could not be verified during FAT testing. SAT will be parformed fo verify that the
System has been properly installed and to demonsirate that the System satisfiss all performance, safety, reliability, and
functional reguirements while communicating with a full complemeant of devices under actual service conditions. The
proper operation and performance of all System features and functions will be verified during this fest.

Tests after Completion
Tests after Completion will include all testing to be performed after Completion of the Works.
Integrated System Testing

Upon successful completion of SAT on two or more related subsystems, these subsystems will be integrated fo
commence Integrated System Testing (IST). 1ST will concentrate on infer-subsystem functionality and performance under
normal, abnormal, and emergency scenarios,

Trial Running

Trial Running of the System will demonstrate that the System meets specified performance criteria and is capable of
safely operating in accordance with initial service plans, including specified travel times, headways, and availability.

Trial Running will exercise and confirm operating reliability of the System in simulated operating scenarios. A full regular
scheduled service will be operated on the full Line using peak and off- peak schedules for an extended period. Passengers
will not be carried, but appropriate dwell times will be observed. Trial Running will also include a variety of failure-
management scenarios that could reasonably be expected to ocour in regular revenus service.
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5414 Configuration Control Methodology

Configuration management and change control management procedures and techniques will be used in the engineering
of the Works, Where appropriate {for example, in systems with software components), these procedures and technigues
will comply with internationally recognized standards.

Configuration Management Mlan

A Configuration Management Plan for the System will be prepared at the conceptual design phase and will include the
following:

& Deiailed description of the methodology and procedures o be used to control and document System configuration
during the Contract period {e.g. from the preliminary configuration at the time of the proposal through the design
phases to the as -delivered hardware and software configurations)

m Detailed description of configuration management processes, procedures, and technigues o be used with respect
to any subconiractors

®#  Organizational structure with respect to configuration management

Change Control Management Plan

A Change Control Management Plan for the System will be prepared at the conceptual design phase and will include the
following:

w Detailled description of methods and procedures to be used to handle change (e.g. functional changes,
performance changes) during the Project Term

Detailed description of the change lifscycle and siatuses

Detailed description of change control processes, procedures, and techniques o be used with respect to any
subcontractors

& Change control organization

Configuration Control during the Maintenance Term

RTG will maintain all systems plans, maintenance reports, remedial actions, instructions and procedures in an Asset
Management System. System plans include the conformed design plans reflecting as-built conditions at final acceptance
of construction. Design plans, including typical instaflation drawings that document installation standards, will be
controlied by the Maintenance Director through implementation of a configuration management process embedded in the
asset management program,

A Configuration Management Committee, staffed with key personnel and chaired by the Maintenance Director, will control
configuration management. All configuration changes of 3 system or equipment will include 3 request, an evaluation of
the change, an approval process, and the final recording and documentation of the change. This will be managed and
recorded within RTG's Asset Management System to provide traceability. Where life-limited or serialized components
are changed in any equipment, the overall impact on fulure maintenance and lifecycle of the parent asset will be
accounted for and adjusted within our Asset Management System,

Configuration Control during the Maintenance Term is described in detail in Sectien 5.1.5.1. A Regulatory Working
Group is defined in Section 5.1.8.2 to address the Safety Management System (SMS) by apply the appropriste
configuration controls both prior to and during service commencement,

5415 Systems Assurance Process & Methodology

As gpecified in the RFP, RAMS, including a narrative on management of the systems assurance process, is discussed in
Section 5.1.5.1.

SECTIOMS 4
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5416 Climatic Performance

RTG will ensure that all systems and eguipment subject to the external environment are designed for Ottawa’s extrame
climate by applying the following principles:

Usge suppliers with a proven track record of delivering systems in extreme climate

Select major subsystems that are service-proven in similar climates

Use NRC's environmental chamber for environmental gualification testing when necessary
Verify system environmental performance during site testing.

g2 B B8 B

A Key factor in maintaining service during inclement weather is the proper response by both operations and maintenance
and rehabilitation (M&R} personnel. RTG will address this factor as follows:

B Providing tools to manage weather extremes. For example, the CBTC System will include the ability o reduce
braking and acceleration rates if low adhesion is experienced.

® Preparing maintenance procedures to deal with extremes of weather, and training M&R personnel in these
procedures.

E Preparing operations procedures to deal with exiremes of weather in cooperation with the City, and fraining
operations personnel in these procedures.

B Providing snow removal equipment and procedures.

Examples of equipment and subsystems operating in similar environments are included in the cut sheets.
Methodology for Dealing with Extremes of Weather During Testing

RTG will implement the Maintenance and Storage Facility (MSF) early to provide a local test track o integrate all major
subsystems. This early implementation will allow three seasons of environmental testing to experience a wide range of
weather conditions. By proactive test scheduling, we will use inclement weather as a test tool.

Operations, M&R and {esting and commissioning {T&C) personnel will be frained and qualified in all relevant procedures
hefore the siart of each T&C phase. A CBTC Conirol Operators Training Simulator will be provided to support this
process.

YWhen necessary, RTG will simulate exireme conditions {g.g. soaping rails for adhesion testing).

5.4.1.7 System Integration Methodology

To deliver an LRT system that meets or exceeds the City's performance expectations, RTG is committed to managing the
Project’s integration risk. System Integration is discussed in detail in Section 5.1.5 and summarized here,

The past 30 years have seen significant improvements in Train Control System interfaces that decrease integration risk.
These improvements can be seen in standardized interfaces resulting from supplier consolidation and technological
advances, particularly in communication eguipment and protocols. Modular hardware and software design technologies
have simplified overall designs

Both Alstom and Thales are contractually required to ensure design visibility {including providing access to their key
contractors) to RTG. Through this environment, RTG's LRT Systems and Integration Manager will manage the design
process, snsuring that interface requirements are well undersiood and are properly implemented.

Processes and documentation to control interfaces will include but not be limited to the following,

interface specifications for each major interface

First Article inspections

Qualification tests

Factory Acceptance Tests and subsystem integration tests

g2 B B B
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®  Vehicle/Traln Control integration tests are planned in the MSF early in the schedule

As per lessons learned, particular attention will be paid to brake and propuision interfaces, and the wheelfrail interface.

To ensure that proposed systems and equipment can perform as required in the Ottawa environment, RTG will carefully
review supplier submissions. The process of choosing our Team'’s Vehicle and Train Control supplier included a detailed
review of their proposed interfaces and interface management plan to verify that both suppliers understood the interface
requirements and had the necessary knowledge and experience o implement them. We have chosen two experienced
suppliers with demonstrated systems integration capability who have worked together and with RTG. We believe that
Alstom and Thales are ideally suited {o integrate the best solution for the Gity.

Test programs will be developed to demonstrate all aspects of the interfaces. This will include First Article Inspactions,
qualification tests, Factory Acceptance Tests and subsystem integration tests. Vehicle/Train Control integration tests are
planned in the MSF eatly in the schedule. These tests will be a key milestone for ensuring that all Vehicle/Train Control
interfaces have been properly addressed. On-site testing will be planned in stages that demonstrate functionality in a
ingical sequence and ensure that, as far as possible, only one function within one system is being tested at a time. Once

multiple systems have been tested {o an appropriate stage, they will be combined for integration festing {see Drawing
541D1D&E).

RTG wilt manage integration of other subsystems by applying the principles used for the Vehicle/ Train Conirol interface.

Lessons Learnaed from Other Project Integrations

Integration of the Canada Line project was based on a similar strategy to that outlined herein, with the following lessons
directly appilicable to the OLRT Project:

®  Agree early which parties will authorize major steps in the start-up of the OLRT Project, such as:
- Traction Power Ensrgization
First Train Movement
- Multiple Train Movements
Trial Running
- Hevenue Service

{Note that this is an example list, and not necessarily a comprehensive fist for the OLRT Project )

B Agree with sach party on the list of documents and other activities required in support of their signature authorizing
start-up. Document this list in a System Activation Plan.

Agree with each party the processes and/or standards to prepare relevant documents and other activities.
Prepare and sign certificates as early as possible.
Combing items In one certificate where timing is similar and signatories maich,

Ensure that Revenus Service Operating procedurss and training programs related to safe operations during the
T&C phase {e.g. Train movements, fraction powsr energization, hand signals) are prepared well in advance of the
start of T&C.

Ensure that sufficient operators are trained for the start of T&C.

Ensure that System access requirements for the Driver training program are scheduled well in advance of the start
of T&C and coordinated with testing activiies on an ongoing basis.

B se experis for key Project challenges and to identify latent issues based on experience on other projects.

g B B B

L.essons learned are also discussed in Section 5.4.1.1.
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5.4.1.8 Systems Branding Strategy

The OLRT System has been described as the most important infrastructurs project in the City since the building of the
Rideau Canal. This is the firstleg of a legacy project that will shape the growth and liveability of the C ity for generations fo
come. Branding this iconic system creates a unique opportunity fo enhance the reputation and quality of life of the City
and her citizens. Systems are a key component of the new OLRT brand - the quality and performancs of this ‘product
component’ will serve to build the System’s reputation for safely, reliability and efficiency. The more visible system
components, including equipment that is visible fo or interacts with the public {e.g. Passenger information displays,
signage and announcements) take on an even greater role as the ‘voice’ of the brand. RTG will work closely with the City
to ensure these brand elements are harmonized and consistent. The fact that Thales is a Canadian success story with
key development activities faking place in Ottawa adds to the brand messaging. The Vehicle branding sirategy is
discussed in Section 5.4.3.1.
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5.4.2 COMPLIANCE WITH CANADIAN CONTENT POLICY

54.2.1 Canadian Content Compliance Strategy

RTG is pleased to propose a Vehicle that will achieve 27% Canadian content as detailed in the Canadian Content
Certtificate —~ Attachment B. In this section we are providing supporting information o demonstrate the compliance, this
includes names of potential manufacturers, equipment type and place of manufacture and contact details of manufacturer
{Table 5.4-3). Table 5.4-2 indicatss the breakdown of the requirements caloulated in accordance with the Canadian
Content Policy and in the specified catagories. Of the 27% Canadian Content 16% is from Ontario.

Table 5.4-2 | Lucal Content calvulation

Labour 8% 85% 7%
""" Subcomponentsandoomponents | . 4 . 1
inc. CBIC

Project management 6% 25% 1%
Enginesring ; 16% 5% 1%
Manual, Training, Simulators 0.5% % 0%
Special tools 0.3% 0% 0%
Test equipment 2% 70% 1%
Fraight 0.2% 0% 0%
Warranty 3% 100% 3%

TOTAL 100% 27.3%

**The price sxcludes any Canadian sales laxes (GET and otherg)

Alstom and RTG consent to the disclosure, verification and audit of the information forming the basis of their certification
during the evaluation stage and any further steps taken before Commercial Close and, during and after the term of the
Project Agreement. Such disclosure, verification and audit will apply to the Province of Ontario, MTO, the Auditor General
of Ontario, and their designates.

70 Years of Experience in Canada

Alstom is able o exceed the required Canadian Content requirement of 25% by three means: local resources currently in
place in Canada, local sourcing, and provision of final Vehicle assembly in Oltawa.

Alstom has been operating multi-specialist railway facilities in North America for more than 70 years. Alstom currently has
more than 2000 employees working in Canada. Alstom Transport has available, qualified and experienced Canadian
resources for the OLRT Project, including from the Center of Excellence for Passenger information, safety,
communication and entertainment systems for rolling stock, station and trackside applications in Ville Saint Laurent’s site
in Quebes, and the Montreal rallway maintenance cenire (see Figure 5.4-1).

SECTIONS .4
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Figure 5.4-1 | Alstom Canadian Operations

Local Project Management

A local Project Manager will be appointed at the Project launch. Based in Oltawa, he/she will ensure that the targeted
Canadian content is achisved. They will work in close cooperation with the various managers of the project who contribute
o the Canadianization of the project. The team will include a Procurement Manager, Industial Manager, Enginesring
Manager and Human Resources Manager for instance The Project Manager will help them to set up a localization
strategy in order 1o salisfy and even exceed the local content. They will issue a regular internal report allowing the
Authorities to check on the contractual conformity of the 25 % minimum Canadian content.

Supplisr management

in order to guarantee the quality of Alstom’s products, every supplier refained for the OLRT Vehicles will be qualified by
Alstom’s purchase quality depariment.

To date, Alstorn already have in thelr qualified supplier data base a cerlain number of Canadian supplier such as
indicated in Appendix B and Table 5.4-3. However Alstom will extend this Canadian supplier base and deveiop a specific
procurement strategy for OLRT in order to deliver the objectives for sustainable procurement, including providing supply
chain opportunities in the local area, espedially to new and small and medium sized enterprises.

Alstom will advertise their upcoming contracts on their websile, In local newspapers, procurement websites and relevant
trade journals. In addition fo this, they will include a list of key contacis for each current supplier contract and sub-
confracted service, o encowrage second and third tisr potential suppliers to contact key suppliers and work in
collaboration. Last but not least, Alstom will organize a Supplier Day in Ottawa o communicate the Projects main
chisctives and the needs in terms of purchase and schedules.

Management of the procurement process for new Canadian suppliers

A dedicated procurement team lead by the Procurement Manager will manage the procurement process, they will be
supported by the various disciplines in preparation of the tender documents.

Procurement will be a key part of the design and construction progress meeting. Tender lists, procurement status,
recommendations and performance against local supplier procurement targets will be discussed and monitored. i local
supplier procurement targets are not being met the local Project Manager will instigate corrective aclions.
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Evaluation of tender submissions
A clear evaluation criteria will be established that provides a weighting in favour of local suppliers and sub-contractors.

The evaluation criteria will be a two stage process. The first stage will be a compliance check and submissions will either
pass or fail. The compliance check will ensure that the suppliers/ sub-contractors have the capability fo deliver the
coniract safely. The pass/ fail will be assessed on:

w  Safely performance
m  Capability (Turnover, relevant experience)

If suppliers/ sub-contractors pass the first stage then a welghted scoring criteria will be used {o select a supplisr/ sub-
contractor. The scoring criteria will include:

Location {Local, regional, national or international)

Commercial competitiveness

Programme and methodology

Quality proposals

Environmental control proposals

The suppliers / sub-contractors use of local suppliers, sub-contractors, labour, plant and material
The suppliers / sub-contractors recruitment and training opportunities for local people

E B B B 8 8 B

The above scoring criteria with weightings will be developed at Preferred Proponent stage.
Management of suppliers/ sub-contractors

On contract award a start up meeting will be organized between RTG, Alstom and the supplier/sub-contractor. For
supphiers this will be less involvad, but for sub-contractors this will be an in depth mesting chalrad by the relevant System
or Element Project Manager. The following will be discussed and formalized:

Management team

Freguency and content of progress mestings

Programme

Quality standards and regime

Health and safety outline {this will be followed with a Health and safely start up meeting)
Environmental issues and control measures

Commercial

g2 B 8 8 B B B

Labour

Alstomn has develop a standard manufacturing process (APSYS) applicable to all rolfing stock types and all manufacturing
sites. This standard process will be deployed in the Ottawa MSF, where vehicles will be assembled.

A dedicated Ottawa Industrial Managemesnt Plan will be defined at the beginning of the Project. The objective of the
industriglization plan is to;

# Define the manufacturing tools and process, and optimise the related investments,
& Build the Product Bill of Material (PBOM) from the Product Breakdown Structure defined by the Technical team

Final Vehicle assembly will be done using Canadian workers in the MSF in Ottawa. The modular design of Citadis
Vehicles easily supports production and final assembly of the sub-assembly modules {roof, sides, cabin, and underframe)
in the Canadian facility {see Figure 5.4-2),

SECTIOMS 4
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Figure 5.4-2 | Modufar Design Facilitates Production and Assembly

ki
Ass&mbly, Coupling & Water & Static
Fitting, Wire to Einat fitfing | Test =
Wire test Finai fitting
..

The final dynamic routine tests will take place on the OLRT System frack.
Subcomponents and Components

Drawing on its supplier database, Alstom will use Canadian and Ontario suppliers for key components as shown in Table
5.4-3.

Subassemblies

The main subassembly frames {underframe, roof, cabin and end ring) will be produced individually including welding and
painting outside the MSF building.

These frames will be delivered to the MSF where they will be pre fitted and partially tested including the cabling.
Section assembly

The pre fitted modules will be agsembled to form each section based on riveting technology. After the dimensional control
of the section structure, the final interior fitting and installation of roof equipment will be carried out. An assembly control

{mainly electric continuily and dielectic test) is carried out before train assembly {see Cut Sheet 5.4.1-C8-1001).
Yehicles assembly

Each completed section is placed on bogie {8} and then coupled to the next vehicle. When the 4 cars of g train are
coupled, final wiring is completed before the train is transferred to testing.

Yehicles testing

Each vehicle will be tested in static and dynamic mode according o a standard serial test program designed to test all
vehicle functions. The final dynamic routine tests will take place on the OLRT System track.

Table §.4-3

Supplier Database Localed in Canada

Brakes

Faivelsy Transport Canada 1002 Rue Sherbrooke Cuest, Moniréal,
inc. Québec

fMersen 88 Hormer Ave, Etobioosks, Ontario Elactical components
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Wablec 475 Seaman &1, Stoney Creek, Ontario Passengers doors
Ceait Groupe 5650 Rue Trudesu, Saint-Hyacinthe, Interior Lining
Québec
Knotr Bremse 675 Development Drive, Kingston, Ontario | Brakes
Dimension Composite 2530, 95¢ Rue, Saint-Georgss, Qusbec GRP Front End
{ Gard 7615 Kimbel St., Unit 1, Mississauga, Braking resistor
Ontario
Alstom Canada o 1010 rue Sherbrooke, Montréal, Quéhec CCTY AL@T@H
Prafco 84 Boulaverd Cartier, Riviére du Loup, Windows & ™ W
Qusbec Windshield p LG@

Other Hems

# Project management - Alstom’s Project Core Team will be based in Otlawa. This team will be in charge of all
OLRT rolling stock requirements from the start of the Project until the end of warranty

#  Engineering - Alstom’s Fisld Enginesr will be in charge of the warranty, reliability and maintainability growth
phase. Work will be performed locally by Canadian enginesrs.

w  Test equipment - Serial tesis on each Vehicle will be performed on OLRT System track by Canadian Engingers,
NRC's climatic chamber in Ctlawa may be used for speaific climatic-type tests.

Freight - Canadian freight companies will be used {o transport vehicles and goods.
Warranty - During the warranty period, Canadian engineers will ansure Vehicle reliability and availability.

Technology Transfers

Alstom Transport has more than three decades of experience in technology transfer. In response to a diverse range of
local content requirements Alstom Transport has implemented numerous partial and total technology transfers around the
world. Table 5.4-4 shows some of Alstor’s main projects with a local content requirement,

Tabe 5.4-4 E Exampies of successiul Tea,hnaiugy Transfer

34 Korea - KTX (Korsan High Speed Tram; Full transfer from Francs to Korean partners
500 China CoCo Electric locomotives Full transfer from Frange to Chingse partners
o Transfer from Alstom Le Creusot o Alstom Sorel Tracy
Montreal Metro {Bogies) (Quebed)
70 Madrid LRY | Transfer from La Rochelle {France) tc Barcelona{Spain}

37 tstanbul LRY

. Transfer from Valenciennes(France) to Katowice (Poland)
20 Acela Express trains

SECTIONS .4
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Traction cubicle: Transfer from Tarbes (France) to Homell
(USh)
Trucks: Transferfrom Le Creusot {(France) to Bombardier
{Ushy

20 Acsla Express trains

Figure 5.4-3 | Examples of Successful Technology Transfer

Once the two first OLRT Trains have been fully validaled by Alstom’s
Center of Excellence in Valenciennes, France, Alstom will complete a
technology transfer to Canada. This process ensures that the entire Train
will be assembled in the Ottawa facility described below. Major
components of the technology transfer process inciude the following:

B Preparing the manufacturing plant
e installing and testing of validated tools for pre -assembly
m  Preparing documentation, training and support for local staff

Manufacturing Factlity at the MSF
Two main functional areas are required to produce the Citadis vehicle:

e A manufacturing building (4000 m? approx, + additional warshouse)
e A static test buillding to perform water tightness and funclional static test — (2800 m? approx.)

The two MSF tracks designated for heavy maintenance will be used for final vehicle assembly. The MSF will be available
for manufacturing equipment installation in early 2015, The vehicle wash facility area will be used to perform the water
tightness test, The planned layout is shown in Cut Sheet 5.4.1-C5-1001.

Hiring Plan and Skills Development

Alstom intends to hire more than 100 people locally to manufacture the OLRT Vehicles. These workers can be transferrsd
to maintsnance activity on conclusion of manufacturing. The personnel breakdown will be approximately 80% workers and
20% management. In addition, the hiring plan will consider other personnel for the Project management team and local
enginesring team.

Alstory's recruitment strateqy will be based on two search modes: active and passive,
Active Candidate Sourcing

m  Posting the jobs on niche sites o reach a national audience within specific technical disciplines
m  Utilization of “Banners” on the main page of niche sites to highlight Alstom jobs In comparison to competitors
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w  Ulilization of "e-mail blasis” to send Alstom job announcements fo candidates who are registered viewers of these
various niche sites

Passive Candidate Sourcing

# Using Social Media/Business
networking tools

# “Mining” third party applicant
databases containing resumés

These two sourcing methods are performed
simultaneously and therefore have several
benefils:

Branding and visibility reinforcement

w Multiple sources of applications =
multiple sources of advertisements

#  Supporting the search for key technical
talent; useful niche sites for technical
experts

& Being able to compete wi th strong
competitors using well advanced Social
Media strategies

w Methodology is applicable to alf other
disciplines {Key Management positions, :
ete). R L RS o

ey

This strategy will be applied o all type of positions:

#  Internships #  Production employees #  Professionals
# Technical Experts #  Senior Management

The standard recruitment process is as follows:

The first selection of resumes is managed by the Human Resources Department
The selected resumes are sent o the Managers for thelr review

# The relevant Manager and his/her team review the resumes and communicale the preferred selection to the
Human Resources Department

# The HR Department phones the selected candidates with selected questions and send fesdback fo the relevant
Manager

The Manager, the HR Manager & his/her team interview the candidates face o face and make the final decision

® A background check is implemented on the final candidate. Some psychological tests could be added to the
selection process

In accordance with the stralegies discussed in this section, RTG is confident that the 25% Canadian Content can be
achisved.
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5.4.3 LIGHT RAIL VEMICLES

Passenger Vehicles are the dynamic linking element of any LRT system and coniribute significantly to the customer’s
axperience. The OLRT Vehicles must consistently address 3 wide range of factors including safety, comfort, availability
and local conditions. For these reasons and more, the proposed OLRT vehicle is a Citadis 100% low-floor LRV, Since
production of Citadis vehicles began in 1897, more than 1,500 Citadis LRVs have heen sold worldwide, More than 40
cities have purchased the Citadis LRV, thereafter accumulating more than 245 million kilometres for this service-proven
vehicle.

Citadis vehicles deliver o wealth of advantages in suppoit of Passenger comfort, and system capacity, assthstics, availability
and safsty. This superbly enginesred vehicle is easily customizable, easily accessible and easier on the environment. Citadis
is also the only 100% low-floor LRY in the world running in daily operation at 100 kmih. Key advantages of the proposed
Citadis vehicle include the following:

w Customer Comfort ~ Best in class

- Design focused on Passenger comfort and safety

- Modular design allows multi -purpose areas

- Large windows provide bright, atfractive riding expstience

- Two-level suspension truck provides ullra -smooth trip and high comfort levels
m System Capacity - 100% Low-floor Vehicle

- Vehicle interior is configured with no steps, allowing for safer, quicker and  smoother Passenger flow and
reduced dwell times

- More sfficient standing capacity compared to a 70% low -floor LRT
improved access for Passengers with mobility restrictions
B System Aesthetics ~ Visual appeal
- Sleek, lower profile Vehicle integrates beautifully into the urban environment
- lconic addition to the Ottawa landscape
m System Availability - State-of-the-art systems; global expertise
- Citadis benefits from Alstom’s global expertise as & Train maintainer
- State-of-the-art on-board monitoring system for remote diagnosis and troubleshgooting

Braking equipment, gear-box, traction motor and wheels are directly accessible for inspection and
replacement from the side of the Train without fruck removal

- Exclusive rapid-mounting system replaces side window in 30 minutes
m System Safety ~ Safety enhancements

- Designed according to the latest safely standards {(EN 50126}

- Safsly is considered through the entire lifecydle of the  Vehidle: from concept to O&M

- Compliant with ASME-RT1 requirement for structure and crashworthiness
g Easily Customizable - Modular design

Designed o be easily customized o accommodate Ottawa’s specific requirements

- Al Citadis Vehicles are based on the same proven-design sub-systems for improved availability
m Increased accessibility ~ Mobility for all

- 100% low-floor allows ease of use for all Passengers

- Leveling system ensures perfect alignment between platform and the LRY

- Large corridors and gangway
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m  Environmentally Sensitive -~ Reduced foolprint and impacts
- Vehicle is recyclable at 95%
- Reduced energy consumpticn
LRV features regenerative braking
Citadis is fitted with a single -stage gearbox for better sfficiency
Interior lighting is based on low -consumption LED
Yehicle design reduces noise levels inside and outside the  Train

5.4.3.1 Branding Strategy & Approach
Best or Leading Practices

The OLRT system has been described as the most important infrastructure project in the City since the building of the
Rideau Canal. This is the first leg of a legacy project that will shape the growth and liveability of the C ity for generations fo
come. Branding this iconic system creates a unique opportunity fo enhance the reputation and quality of life of the City
and her citizens,

Station and urban design are critical components in developing a ‘complete brand approach’, but the Vehicles are the
dynamic linking element and ulimatsly become the face’ of the brand. Too often, Vehicle livery has been largsly
regarded as an extension of the agency, a “uniformy” for vehicles. This ignores the potential to capture and communicate
the brand promise with each passing view of, or travel experience onboard, an OLRT Vehicle.

As a member of RTG, Alstom is committed to working with the City 1o integrate the Vehicle brand with the overall brand of
the System. We will work with the City during its System branding process to develop a full understanding of the complete
identity for the OLRT. More spedifically, the Vehicle brand will encompass the Vehicle front styling, interior and exterior
colour schemes, window tinting and livery,

Brand Building
To develop a compelling and positive Vehicle brand, the branding strategy should incorporate the following slements.

g A long-term vision - An explicit definition of what the brand is 1o represent in the eyes of its target audience.
A better product - Product quality is an ideal branding variabls, Working within the budget anvelope, RTG will
assist the City in delivering a better product across Vehicles.

#  An analytical edge - RTG will halp the City use research and consultation for a clear understanding of transit
users (current and prospective) and their needs.

#  An exercise of creativity - Vehicle branding requires creative thinking, planning and execution through every
element of the Vehicle.

RTG Approach —~ Fully Integrated Branding

RTG understand that branding goes beyond Vehicles and must have a ‘complete design approach’ to be successful. Our
partnership approach with the City, our expertise, and our lessons learned will benefit the citizens of Ottawa and create a
world-class LRT identity.

Alstom enjoys a long-established global reputation for expertise and innovation in trangportation solutions, One reason for
this is the Design & Styling (D&S) department created in 2005, and which is unique In the rallway industry. The
depariment comprises 20 top designers, each dedicated to creating designs that harmonize with the general configuration
of the Vehicle - and ensure that Vehicle branding adds a compelling and exciting element to the overall System brand.

SECTIOMS 4
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The D&S department’s cross-functional organization is particularly well suited fo meeting the specific needs of envisioning
and incorporating key branding elements:

e Consoclidating competencies in terms of design, digital modelling, colours, materials, and fighting
B Producing designs sulled to each client’s cultural context
m Stimulating creativity

For the OLRT Project, Alstom will foliow its normal practice and use & highly collaborative approach fo branding with
active and ongoing involvement of the City and key Stakeholders. A multi-disciplinary team, including graphic designers,
architects, planners, engineers, branding specialists, and Stakeholders is involved in strategy and ideation. Working with
the City’s branding process, the D&S department will analyze the cultural, economic, political and geographical context of
the Project. This is summarized through photo reports and keywords. The objective is to define the artistic theme which
will be used as a connecting thread for creation throughout the Project.

A unique competitive advantage of our modular product configuration is that the front end and interior arrangement can be
customized and become a aritical component of the brand. The D&S department will propose various versions of shapes
for the interior and exterior, colours and trims in support of the final branding approach.

Branding is completely integrated into the industrial design process for the Vehicle. See Section 5.4.3.7 for a complete
description of the industrial design process. Table 5.4-5 shows three examples of how Vehicle design becomes a key
brand element.
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Table 5.4-5 | Vehicle Design

LRV Istanbul - Theme: Tulip

LRV Dubai = Theme: Diamond

LRV Reims - Theme:
Champagne Flute

Branding by Design

The Alstom D&S department follows a multi-step iterative process that ensures Vehicle design delivers maximum
branding value and quality results.

SECTIOMS 4
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Design, Step-By-Step

The design process is divided into six steps: preliminary meeting, pre-choice meeting, choice meeting, freeze mesting,
working mock-up and representative mock-up.

Round-The-Clock Dialogue

Teamwork is part of a methodology that has been proven over fime, Face-lo-face meetings will establish a rapport with
the client that makes the choice process simple and straightforward, Once the design principles are agreed upon, they are
integrated into product design. In addition, the Design & Styling department can work directly with external designers or
focal partners.

A Committed Team

The dialogue takes place over several months. An Alstom project manager first proposes a work schedule and this sels
off a feedback loop involving designers, modellers and colours and materials experts. These in tum consult with
engineers and suppliers who speak a common languags.

A Proven Methodology

Listaning to client nesds is bullt into the team-based approach. it is imperative to ask the right questions to fully grasp the
nature of sach project. Only this kind of quality interaction gives rise to previously unexpressed needs.

Feasibility

All elements proposed during the selection process are feasible. The design team works with software that is compatible
with the one used by railway engineers. Adjustments can be made at any stage of the process, from the rough sketch to
the 3D model. A five-axis milling machine then renders the design into a volumetric model,

Design Manual

At the freeze meeling, customers are handed a Design Manual detailing the specifications of thelr proprietary train design.
The Manual lists up to 80% of the shape characteristics of a Train, both interior and exterior. It also includes a graphic
line, colour preferences, seating configuration, lighting options and materials. The signing of the Design Manual serves as
a contractual agreement between Alstom and ifs clients.

OLRT Treatment Exploration — Positioning Led Design

Figure 5.4-4 shows examples of branding schemes are provided only as examples, to demonstrate how different
positioning choices could inform final branding.

Figure 5.4-4 | Freliminary siudies of thres front end shapes proposed for OLRT

To demonstrate the scope and flexibility of our branding process the Alstom D&S department and RTG have created
three preliminary design slternatives for exterior design and interior design. Following a review of what is bullding the City
today, and what the City is building for tomorrow, these alternatives have been specifically created for Oftawa, Starting
with the identification of key elements that could form the basis of a strong OLRT brand foundation, we have shown how
we translate thess info shapes, graphics and colows in the vehicls design.
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The Citadis product is a technically proven design, but the platform has been purposely designed such that it can easily
be customized for each of our clients. This creales flexibility and possibility from the oulsel. The alternatives included hare
are intended to demonstrate the degree of differentiation possible — and are the starting point for a collaborative branding
process with the city.

Exterior Design

Theme A: Strong and Free

This design incorporates a strong graphic shape on the front end, It
retaing the esgsential lines of the maple leaf to create a design that
recalls the national symbol without being literal and obvious. The
graphic and form create a style that is contemporary today, and will
become a classic in the future, 1t is sirong, solid and present. The
surface treatment is both detailed and sleek, conveving a sense of
quality and pride befitting the stature of Canada's capital city.

Theme B Quist Strength

(Ottawa is home to the world’s largest tulip festival. This theme
takes inspiration from the tulip petal and is well halanced and
softly curved. The result is highly aesthetic and elegant, and
conveys g sense of quist strength. The large windscreen with
integrated  headlights creates a heightened sense  of
frangparency and expansiveness, A comparison of this
treatment to that of the Istanbul LRY is a strong example of how
we take the essence of 3 city and transform It into 2 unique
brand element. Although both cities claim the tulip as an iconic
slement, the OLRT axpression is uniquely Canadian,

SECTIOMS 4
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Theme C. Fast Forward

This theme takes its inspiration from some of the most advanced
architectural features in the City. The design conveys a sirong
sense of purpose and motion; at once dynamic and panoramic.
The sleek continuous front end is fuluristic and powerful — with
just a touch of attitude. The design makes a strong stalement that

the City has arrived.
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Interior Design
Theme 1. Geomelry

Geometry is the basis of all strong compaosition, With a starting point of straight lines and geometric shapes this design
theme shows how intriguing the basics can be when skillfully combined. In this simple but bold choice, a sense of
animation is created by combining strong contrasting colours with neutral elements. The result is strong, contemporary
and distinctive.

Thame 2: Facels

In this design it appears that facets of light from
passing buildings are reflecting within the Passenger
car. The diamond grid pattern on the ceiling gives the
impression of light reflecting off the water - crealing a
bright, animated ambiance. The classic colour scheme
produces a sense of calm and comforl, The use of red
creates an additional feeling of warmth,

Theme 3. Tullp

This innovative interior design dramatically separates
the ceiling from the rest of the interior. Nature images
and landscapes in the ceiling panels give the
impression of a contemporary photograph exhibition.
These pictures are filtered using plain colours and low
contrasts, creating a calm, contemplative atmosphers.
The images are a sublle reminder of the simple
pleasure of taking time each day to really ook at our
surroundings.

R
All of the elements shown in the three external and three infernal design options are interchangeable. These design
options demonstrate how character and intersst can be added to the Vehicle branding process by integrating elements
that reflect on local history, aspirations, culiure, and unique aspects of the surrounding landscape.

5432 Proposed Vehicle

General Arrangement and Performance Level

The proposed Vehicle for the OLRT Project is part of the Citadis product range. As shown in Figure 5.4-5, each Vehicls is
composed of the arficulating sections.

w1 extremity section with Driver's cabin and motor frugk (MC1)
w 1intermediate section with one trailer truck {IMC1)
® 1 centre car with one trailer truck and one motor truck {CC)

SECTIOMS 4
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B 1 extremily section with Driver's cabin and motor truck (MC2)

Figure 5.4-5 | Arficidating Sections and Low-Fioor Arrangement

BET gl &E B8EE
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The Vehicle features 100% low-floor in the Passenger area for an improved ride experience:

m  Optimized Passenger Flow - Safer, quicker and smoother Passenger flow inside the Vehicle to reduce dwell time.
m Improved Comfort - The flat floor provides Passengers with an increased sense of comfort,

m Improved Safety - No step means no trip -hazard in the Train,
2]

Improved accessibility - All Passengers, including those with restricted mobility, strollers or luggage can move
easily within the P assenger area.

e Optimized Capacity - In partial low-floor vehicles, standing Passengers remain in the low-floor sections; in a
100% low-floor Train, they have full access to all available space within the  Vehicle.

B Improved aesthetics and urban integration - 100% low-floor vehicles are lower than partial low-floor Vehicles
resulting in smoother vehicle profiles and reduced visual impact.

Other key Vehicle features include the following:

Maximum operating speed of 100 kmv/h for high-capadity line.
Large windows in the Passenger compariment create a fesling of spaciousness .

Seven dual-leaf sliding-plug Passenger doors are evenly distributed throughout the Train for reduced dwell time.
The Passenger-exchange length over useful Vehicle length (i.e. not including the Driver's cabin} is higher than
20 percent.

An HVAC unit located in each car ensures optimum thermal comfort in the Passenger cars.
The proposed width and length combination optimizes capacity while ensuring a high level of  Pasgsenger comfort,

Major sub-systems, such as HVAC, traction cubicle or alr compressor, are roof-mounted and concealed by lateral
roof fairing profiles presenting a pleasing, uniform appearance when seen from road level

Vehicle can be operated in multiple units of two vehicles .

Bi-plan side walls produce 3 more aesthetic vehicle with a large Passenger compariment while reducing the
yehicle dynamic envelop.

B he Yehicle's modular design enables large use of pre-assembly, making it easy to assemble and maintain.
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The Vehicle layout is shown in Drawing 5.4.1-8W-101. Table 5.4-6 summarizes the other main characteristics.

Table 5.4-6 | Vehicle Characleristics

Length over coupler face 49 mefres
''''''''''''''''''''''''''''''''''''''''''''''''''''' Veblelewis . L gm0
- Vehdemeweigh | 78tonnes

Number of sections 4
Number of trucks 5
Number of motor trucks 3

Seated Passengers

Standing Passengera with 3.33 passim?

Total Train capacity at 3.33 pass/m?

104 seats + 16 flip-ups
180 Passengers

300 Passengers

Comfort rate with 3.33 passim? 40%
Wheelchair areas 4
Double dours 7

Ferformance Reliability and Safety of Proposed Vehicle

The proposed Vehicle is an svolution of Citadis hased on Istanbul Citadis and SNCF Nantes Citadis to fulil OLRT
requirements {Section 5.4.3.3 provides more details), The main modifications to the Citadis Nantes are the following:

Removal of the handicapped toilet in MC1
Replace SNOF signaling system with Thales CBTC system

E 8 B B8 8 B B

Replacement of the 25 kKV/750 Voits dual-voltage traction package by a 1500 Volis traction package
Lengthen car body to provide Passenger capacity in line with O LRT System performances
Addition of one door on MC1, MC2 and IMC1 to manage Passenger flow and reduce dwell

Implementation of design solutions to comply with climatic conditions in OLRT environment
Modifications to comply with standards and regulations specific to OLRT environment and Canadian content {for

example: addition of service proven pneumatic secondary suspension {o comply with ADAJAGDA)

Modifications to comply with Transport Canada regulations, only to the extent that the regulations are appropriate for

LRV vehicles. For example RTG does not plan to provide onboard washrooms.

Performance

Fable 5.4-7 | Performance of Proposed Vehicle

Maximum Speed

100 kmth

Acceleration: Initial maximurm vehicle acceleration (0TS voltage»1500Y, AW2 Loading) up lo

37 km/h

1.34 mis® +1-5%

Full service electric brake rate at AW3 loading from 64 km/h fo 5 km/h

Full service blended (electric/irictioniat AW3 from 80 km/h to standstilt

Maximum service biended (slectric/friction) + track brake up to AW3 from 88 km/h 1o standstill

SECTIONS .4
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. Fuii service fﬂctien brake rate atAW& Ec}admg from 80 km/h to standstill . o 1 34me' +f- 1{3%

Emergency Brake at AW3 load from 48 km/h to standstill =2.24 mis?
1.78 mis® +20%-10%

Friction only at loads up fo AW3 load from 80 kb fo standstill

Parking brake holds an AW3 Train on a 6% grads indefinitely
Jerk rate L From 0.44 o 1.34mis3

Reliability

As with every product developed by Alstom, the Citadis range and Gttawa's Vehicle are designed to deliver a high level of
reliability and to allow for easy maintenance operations. Table 5.4-8 shows figures applicable for the proposed OLRT
Vehicle.

Tahle 5.4-8 E Yehivle Reliabifity

Mean distance between Service-Disrupting Failures over a 12-month peticd {per LRY) 52000 km

Mean Time To Repair failures (MTTR) 1.5 hour

Maintenance perinds 12500 km
25000 km
75000 km
100000 krn
300000 km
400600 km
800000 km
400000 km

1200000 km

Failure recovery achievable within “x” minutes of two Trains converging {i.e. time to couple to 30 min
an immobilized Traln, reconfigure the consist, and slart moving i off the ling)

Safety

Safely is at the core of every Alstom product. During development of the Citadis product range, close attention was paid
o all safety-related aspects and items o make Citadis one of the safest Trains on the markel. For the OLRT Project, a
complete safety study will be part of product development. This study will {ake into account the fremendous amount of in-
service experience on the Cltadis product range as well as all the requirements, environmental and operational, specific to
the OLRT. Safety studies will be conducted in accordance with the EN 50126 standard and the Safety Assurance process
outlined in Section 5.1.5.1. For each hazard identified in the PHA ({Preliminary Hazard Analysis), Alstom will submit proof
that the Ottawa Vehicle complies with the safety target.

Safety Analyses

The subsystems or equipment liable to create evenis identified in the PHA will undergo detailed analysss, conducted in
accordance with al least one of the following methods:

B Fault Tree Analysis faking into consideration the different events - A deductive method starting from a single
and well identified event, leading to basic events that are sach independent and amenable to calculation of their
probabilities {e.g. breakdowns, human mistakes, external conditions).




COWO0523276

w FMECA (Failure Mode Effects and Criticality Analysis) - An inductive method whereby, stariing from the exact
definition of the funclions of a device or assembly, one can systematically seek out the fallure modes and their
consequences or effects on the Citadis set.

These analyses will demonstrale that the steps taken to deal with risks are or will be set up {o reduce the probabilities of
occurrence related to the events in categories of gravity 3 and 4 to a negligible level. These analyses will be entered in
the "rolling stock safety level justification file”. The steps needed fo deal with risks may consist of the following:

Structural provisions

Functional provisions

Provigsions related to the detection of the fallures
Provisions related to standards

Calculations

Tests

Quality procedures

Maintenance procedures

Operating rules

g B B B E 8 B 8 0B

Corrective action will be taken if results do not mest objectives. Examples of safety hazards considered are as follows:

Loss of command of Emergency Brake

Insufficient Emergency braking effort

Propulsion fails to cease when Emergency Brake is requested
Train moves in wrong direction

Door opens spontanecusly when not commanded

Door opens on wrong side of car

Excessive currents or overheated equipment cause fire  hazard
Train moving when doors are not closed and locked

Cars in Train separate when not commanded
indication of uncoupled when not uncoupled

E B BE 8 88 B B E B B

Synthesis of Safety Analyses
Safety-Critical ltem List

The safely level concerns all equipment which requires safely analysis during the Project by the Alstom RAMS team. The
Enginesring Department is in charge of designing these assemblies and validating them by using calculations or design
principles {in accordance with the normative documents). Safety analyses are performed to verify the design.

Safety levels are atfributed during the design phase by the safety department for the equipment being considered. The
safety level of an assembly corresponds fo the consequences of the rupture of a single component of the assembly in
relation to its effects on people, the equipment and the environment, The classification of safely levels used for the
design, whether screwed or welded assembly, is as follows:

w Lavel 1 - High: The rupture of the assembly leads to physical injury and global failure of the assembled system.
=> Digastrous lavel

w lLevel 2 - Moderate: The rupture of the assembly affects giobal operation of the system or may have
conssquences involving physical injury. => Critical and significant level

# Level 3 -~ Low: The rupture of the assembly does not directly affect the global operation. Consequences involving
physical injury are highly improbable. => Minimal level

SECTIOMS 4
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Safety Synthesis File Justifying the Safety Level of the Rolling Stock

The file justifving the safety level of the rofling stock consists of all safety notes relating to analysis of the events included
in categories of gravity 1, as follows:

w  An overall description of the event and the associated subsystems

B A gqualitative andfor quantitative analysis of the event grouping together the structural provisions, the guality links, the
operational surveillance systems and the requirements during operation and maintenance

Requirements for Safety during Operation {Line and Maintenance)

"Requirerments for safety in operation” is the oulcome of the safely analyses, bringing logether all the customary
maintenance and operating requirements needed for preserving safely. This document takes into consideration the
conditions affecting safety and requiring application of one or several logistics actions to preserve safety.

Analysis of Test Plans

The objective of this {ask is to check that the requirements and recommendations resulting from salely analyses
concerning the tests o be performed have been taken into consideration.

Analysis of Procedure for Application of Modifications

Following an encoded modification in design, a procedure is set up for applying these modifications. The objective of
safety is to check that the proposed modifications in accordance with this procedure comply with safety requiremenis.

Safety File

The safety file consists of all documents describing the steps taken to deal with risks and/or those demonstrating for a
given subject that the risk studied has heen eliminated or controlled.

Winterization Measurses

Due to Ottawa’s extreme climate, some winterization solutions will be implemented on the OLRT Vehicle. Adaptation will
be concentrated in two main areas:

m  Ensure Passenger and Driver safety and comfort
w Ensure proper operation of rolling stock

The solutions implemented on the OLRT will be based on the following:

m  Alstom’s extensive experience in manufacturing vebicles for environments with heavy snow and extreme cold
conditions {e.g. Citadis for Grenoble, X40 Train for Sweden, Helsinki-Saint Petersburg high-speed tilting Train,
Moscow tramway, EP 20 and 2ES5 locomotives for Russia, KZ8A and KZ4AT lncomotives for Kazakhstan)

w The future European Norm PrEN16251 - Railway Application — Environmental conditions - design and test of rolling
stock under severe conditions

The extreme cold climate related issues are the following:

w  Extreme cold temperature - This will affect material mechanical characteristios; reliability of electronic, pneumatic
and hydraulic squipment; thermal comfort, and cold surfaces in Passenger area.

m  Snow ~ This will impact filtration at air intake, roof and underframe accumulation, presence on track, and visibility,
lce formation - Main issues linked to ice formation are improper operation of unprotected moving parts such as
doors or pantograph; risk of impact of ice blocks on underframe equipment wiring; and slippery conditions for
Passengers.
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w lcs/snow removal - Presence of salt, glycol or other products used to deal with snow on roads, walkways or
rolling stock in the environment will be taken info account in the design of the LRV {risk of corrosion or chemical

attack).

w  Condensation - Condensation will impact inferior comfort conditions, visibility, increase risk of comrosion, affect proper
operation of electronic component and affect equipment’s life expectancy. Particular care will be taken to deal with the

58°C thermal shock.

Winterization will be addressed at the Train level. Product adaptation linked with winterization will be validated by specific
tests, at Train and sub-system level, as suggested by the PriEN16251 - Rallway Application ~ Environmental conditions -

design and test of rolling stock under severe conditions.

Based on operational experience from the Edmonion and Toronto LRT systems, duwiing periods of extreme cold
temperature {below -25°C), Trains will be parked sither in a heated area (MSF), cutside under catenary power, or oulside
without catenary power. Vehicle winterization measures will support each of these operational strategies.

Solutions to Ensure Passenger Safety and Comfort

Thermal Insulation of Passenger compariment and Driver's cab. To ensure that temperature remains comforiable
and homogensous inside the Train in the most extreme conditions (hot or cold), thermal Insulation is key. It serves thres

main purposes:

#  Ensuring homogeneous temperature through the Passenger compartment
®  Preventing Passengers from contacting cold and/or wet surfaces

# Reducing the energy needed fo heat-up or cool down the Vehicle

Instilating material will be used on walls, celling and floor of the
Passenger compartment and the thermal cosfliclent will be
increased o meet OLRT specifications for thermal comfort, The
wall and roof insulation will consist of the following:

w A multilayer acetate celluloid insulating material to drain
condensation water

A layer of self-adhesive insulation material

In areas where structure could come in contact with the internal
fitting wall, particular care is faken to prevent thermal bridges
hetween the structure and the material accessible to P assengers,
by using a combination of the following:

A thermal and water vapour barrier made of a closed-cell
insulating material
®  Polymer wadges between steel structure and interior pansling

Floor insulation will be achisved by superposition of the following:

® A multilayer acetate celluloid insulaling material to drain
condensation water

A layer of glass wool with a protective skin

Most floor insulation will be incorporated in the floor structure,

THEPROFOSEDOTTAWA UGHT RAHL TRANSITPROJECT TUNNEY S PASTURE TO BLAIR STATION
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Safety of Passenger access. 1o reduce risk of slipping, heating will be located at floor level to prevent snow or ice
accumulation. Door thresholds will be heated to prevent ice and snow accumulation in this sensitive area.

Passenger compartment heating. To provide thermal comfort performance required by the ORLT specification, heating
will be provided by the roof-mounted HVAC unit, and heated air will be provided to the Passenger compartment through
an air diffuser located on the ceiling and at floor level. Where required, heaters and 3 heating floor will provide additional
healing.

Door adaptation to cold climate. Freszing rain in the Ottawa region will cause the formation of an ice layer on the Train
car-body. To ensure proper opsration of the doors in extreme cold conditions, the power of the motor actuators will be
reinforced, thus allowing the actuator to open the door in case of ice formation around the door area on the Vehicle side.
Additionally, the following door-operating mode will be proposed o the City for extreme cold conditions:

®m For an outside stop - Door will only open when requested by a Passenger through a push bution located inside or
outside the door. This will prevent cold air from entering the Vehicle if no Passenger needs to getin or out of the
Yehicle, thus increasing overall Passenger comfort.

m  Fora stop in tunnel - All platform side doors will open o ensure every door on the Train is open al least three times per
round trip, thus preventing significant acoretion of freezing rain on the door.

Door-edge elastomeric gasket will be adapted to -38°C operation.

Ensure proper braking performances of the Train. The Vehicle will be equipped with a state-of-the-art whesl slip/slide
protection system as described in the braking equipment section of this section of the Response. Sanders and sand-
boxes will be heated to prevent ice clogging the sand ejector circuit, thus ensuring functionality in cold weather and snowy
conditions.

Solutions to Ensure Proper Vehicle Operation

Door adaptation to cold climate. The following measures will be taken to mitigate the effects of condensation on Vehicle
components:

e Stuctural elemsnts will be hermetically sealsd or will contain drainage holes of at least 20 mm located {o prevent
condansation water from accumulating and freezing inside the structure, Drainage holss will be located to prevent
water projection on sensitive equipment.

m  External equipment will contain provisions {e.q. insulalion, drainage holes) to reduce thermal shock andfor
evacuate condensation water .

A global draining frame will be located inside the T rain to evacuats condensation water .

Humidity resistance of electrical and electronic apparatus will be reinforced {e.g. use of spedific varnish on electronic
boards).

Material selection. All material used on the Train {including oil, grease, rubbers, plastics) will be selected and tested to
ansure performance in Ottawa’s extreme cold conditions. Particular care will be taken for subsystems located outside the
car body such as the flange lubrication system, lubrication of truck components {(bearings, gear-box), and rubber mounts.

Particular care will also be taken during design in locations when different materials will be used {for example
steslialuminium interface). In these areas, differential contraction values will be taken into consideration during the design
process. Properties of all materials used in the Vehicle design will be validated by test at -38°C, including glues and
foints. For alf exiernal components, material will be selected {0 ensure mechanical and chemical resistance to de-icing
method used by the operator {glycol, steam). The salt used on regular roadways will also be taken into account as
necessary.

Solutions to deal with snow accumulation. Extemal panels and components will be designed to reduce snow
acoumulation on the roof. Particular care will be taken to prevent snow accumulation and/or to allow proper snow
evacuation around the pantograph. The design will allow for evacuation of water coming from melied snow or ice. Alr
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outlets will be designed to reduce the risk of “melting then freezing” around sensitive devices {pantograph). The full low-
floor architecture does not allow sufficient room for significant snow acoumulation in the truck area.

Protection against ice impacts. When necessary, screens and covers will be used to protect under-frame equipment,
wiring and conneciors from ice impacts. Components will be located to minimize exposure. In areas where protection
screens cannot be installed {area around truck), the frame will be protected against impact by a proteciive coating.

Removal of snow on track. A snow plough will be mounted under the cabin and designed according to the operating
principle used on the ORLT network {removal of major snow accumulation by use of dedicated vehicle or by revenue
service vehicles).

Optimization of air inlet and vutlet. The air inlet will be positioned and sized so that snow accumulation In any part of
the Vehicle cannot obstruct an alr intake. As much as possible, the air intake will be located as high as practically feasible
in regards of the surface where snow can accumulate, and its shape will be designed to minimize the risk of complete
obstruction {(i.e. air inlet will be shaped to favour height over width).

Adapt pantograph to deal with snow accumulation on catenary. Pantograph raising and lowering will be done
slectrically. To snsure a good slectrical contact between the pantograph and the catenary, the proposed pantograph will
be fitted with an ice scraper that will remove ice from the catenary.

Adapt coupler to presence of snow and ice. Heated coupler faces will be used to prevent accumulation of ice and
snow. When folded, the coupler will be protected from external pollution such as snow, ice, dust and sait.

Validation

All the proposed solutions, whether thay are at the component or Train level, will be revalidated in the GLRT context. At
sub-system level:

w Validation will be run at component level with our internal and external suppliers
m  When required, specific mogk-up will be built to reflect the actual OLRT environment

Al the Vehicle level;

w Design adaplations linked with Vahicle winterization will be validated on the Train. When applicable, test
procedures will be bassd on the recommendations of the PrEN16251.

# Train-level performance will be validated under the severe conditions described in the OLRT specification.
Depending on the test, it can be run in one of the following climatic chambers:

In North America: in the Alstom facility in Homell, NY or in the NRC facility in Otlawa
- In Europe: in the Alstom facility in La Rochelle (France) and Vienna {Austria)

54.3.3 Service History of Proposed Vehicle

As described in Table 5.4-8, the existing Yehiclas are substantially compliant with the four parts of the PA Schedule 15-1
definition of a Service Proven Vehicle.

SECTIOMS 4
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Table 5.4-8 | Service History

istanbul Citadis
# 37 vehicles in service

System apenead December 2010
Operating Speed: 70 km/h

Operation in multiple unit of two vehicles
120s minimum headway
19.5km line

14,600 PPHPD at peak hour

® B 8 B B B

BNCF Nantes Citadis
7 vehicles with 12 months of service
Opersting Spead: 100 kan/h
Operation in single and mullinle units of up to three vehicles

Operaled a5 5 suburban Train
265 kmling
Only Full low-floor LRT running at 100km/h

As summarized in Table 5.4-9, all OLRT Vehicle subsysiems are service-proven on both lstanbul and SNCF Citadis.

The Citadis vehicle has been operating worldwide since 1997 with more than 1500 LRVs in service. Alstom’s experience
in cold climates has been described in Section 5.4.3.2. Many of the Vehicles, including Istanbul, are operating in hot

climates. The in-service MDBF of the lstanbul is as follows, with failures being defined as malfunctions causing Revenue
Service delays of 4 minutes or more;

warget MDBTD on Istanbul = 136,000 km
m Achieved MDBTD after 14 month = 575,000 km
m | arget MDBETD on Ottawa LRT = 50,000 km
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Table 5.4-10 | Vehicle Subsystems

IXEGE Truck

#  Most recent Citadis truck generation specially designed for high comfort, 100%
tow-fioor and 100 kph operation

#  This truck is pivoting and fitted with solid axle
#  Truck layout drawing is providedin Cut Sheet 5.4.1-C8-208

Hydraulic braking system
#  Alstom has developed two altemnative and interchangeable solutions for the
Gitadis family:
Faiveley systam is mounted on Istanbul
Knorr system is mounted on SNCF Nantes

#  Drawings for Nentes brake system are provided in Cut Sheets 5.4.1-C5-281 to
5.4.1-08-207

ONIX Propulsion system

#  Alstom ONIX IGTB technology + Alstom AGATE control unit is the standard
Alstom traction sysiem

# Equip all Citadis LRY

Articulation joint
#  Standard and proven-design Citadis solution is installed on both Istanbul and

GNCF Citadis

5434 Experience with Consist Arrangements

Citadis is a modular product. The Citadis range is based on service-proven modules and subsystems assembled together
to meet the client need precisely. Alstom has experience with coupling fong consists and will design the OLRT Vehidles to
account for the requirements for structural strength, pushing and towing, coupler structural sirength, resistance losses for
instance, as further described in Section 5.4.3.21.
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Figure 5.4-6 | Vehicle Consist Modu!am‘y

Figure 5.4.8 illustrates the Vehicle consist
modularity principle of the Citadis range fitted with
pivoling trucks, Oltawa’s Vehicle will be an
gvolution of SNCF Nantes Citadis and specific
design modifications are, therefore, not required.

26 to 31 meters

31 to 39 maters

Train consist and architecture is similar but the
carbody shells are slightly extended for OHawa, 10 2
comply with ridership and door arangement | 3% to 48 meters
expectations. Particular altention has been paid ©
comply with trugk axle weight limitation and
minimum radius curves.

The Citadis Nantes is operated daily in multiple
units of 2 or 3 Vehicles for a maximum Train
fength of 126m. As shown in Figure 5.4.7, the
typical proposed GLRT Train will bs 3 multiple unit :
of two 49 m Vehicles for a maximum Train length of 98 m. Bassed on our experisnce with long Train consists, the
maximum Train length in normal operation {2-Vehicle Train) as well as during rescue missions {one 2-Vehicle Train
towing another) is taken into account in the design of the Train {e.g. structural strength car-body and coupler, Train line
design for losses due to Train length and coupler passage).

Figure 5.4-7 | Train Consista

SETADIE Hantes

Budarhuad

£ITam

54.3.5 Testing
List of Tests
Serial Tesis

The serial tests are tests performed on each Vehicle to confirm, by simplifisd tests, that the main performance levels
checked by the type test are effectively reproduced. The serial tests, performed on the series sub- assemblies and parts of
the Vehicles, are aimed atf verifving the main characteristics of the concerned sub-assemblies and parts; these can be
systematic or statistical.
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Static Serial Tests
Al tests necessary o prove proper functionality of the Vehicle will be performed:

Current return cirouits and protection circuils tesis

Dielectric strength and insulation of alt 1500 V and low voltage circuits

LV functional tests {e.g. exierior signaling and lighting circuits, Driver's cab)
HY static tests including auxiliary supply

Door functional tests

Ventilation and heating tests

Traction — braking static tests

Brake system and hydraulic cirouits tests

Passenger information and CCTV tesls

Interface with Train control system tests.

g BE B8 8 8 8 BE B B B

Dynamic Serfal Tests
For each Vehicle, the dynamic performance will be tested to prove that the City's requirements are fulfilled:

Geometric checks

Weighing of Vehicles

Water tighiness check of complete Vehicle

Wheel flange lubrication and sanding system tesis
Safety devices tesis

Door functional tests

Traction functional check

Braking functional and performance tesls

g8 B B B E 8 B B

Type Tesis

To ensure the City’s complete satisfaction, Alstom will set up a Validation Type Test plan, to demonstrate compliance with
the technical specification as well as the legal requirements.

The validation strategy wili cover the full range of activities from component validation, through Vehicle integration testing,
functiopal static and dynamic type tests, as well as dynamic performance type tests fo Vehidle integration testing in
Ottawa. Type tests are performed on new items, of new sub-systems. A type test proves that the specified confractual
performance and functional requirement has been achieved. Validation activities will be siructured in the following
sequences:

Design Phase

Component Validation

Integration Testing

Functional and Performance static Yalidation
Dynamic Performance Validation

On-site Integration tests

g2 B 8 & 8 B

Alstom has incorporated in its quality system the requirements set forth in the EN 17025 "General Regquirements for the
Competence of Testing and Calibration Laboratories. For the main system integration, accredited test laboratories will be
used.

SECTIOMS 4
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Design Phase

During the design phase the Validation team will prepare the Validation Plan, identifying the main verification and test
activities of the Vehicle and the Train, and draft the test procedures. The main input for the validation plan will be the [EC
61133 “Railway applications — Rolling stock - Testing of Rolling stock on completion of construction and before entry into
service” and the technical specification requirements that need 3 test to demonstrate Vehicle and Train compliance.

On the basis of a gap analyses with the reference solution, 3 FMECA-based critical risk analysis will define the depth of
the validation activity — need for specific design reviews, simulations, mock ups or test. The Validation Plan will be refined
throughout the design reviews of the specific subsystems,

Component Yalidation

During the testing phase the Validation team will work with the different subsystem suppliers and internal subsystem
gxperts, to prepare compeonent type fests, and participate in testing critical systems, L.e. doors, traction, brake, bogies,
and Train Control and Monitoring System (TCMS).

A significant component validation test will bs the static car-shell structure test, performed at Alstom’s Valenciennes site,
During this test, the car body will be outfitted with strain gauges and all the main structural tests, as defined in EN 12863,
will be parformed,

integration Tesling

Integration of the different equipment and subsystems will be tested with thelr suppliers during the initial integration of the
first Vehicle. To prepare this phase, a functional integration test bench will be used fo validate the functional design
including vehicle low voltage, TCMS logic and subsystem control logics. The functional integration test bench will
incorporate at least one electronic unit of each type under test while the others, as well as their snvironment, may be
simulated. The test bench will be used for functional validation in single mode Vehicle use as well as multiple-unit Train.

Funclional and Performance Static Validation

Complementary fo the functional integration test bench, static functional test will be performed in Vehicle {single unit) and
Train {multiple unit) configuration. Static performances such as battery autonomy, lighting levels, and acoustic levels will
be measured, ODA compliance will also be tested at this stage.

To demonstrate Vehicls performance under winter conditions, tests will be performed under sxtreme temperatures, and
under winter conditions, in a climate chamber. During this test the important systems such as the brake system, air
stipply, and door system will be tested.

Dynamic Performance Validation

Dynamic traction and braking performances will be tuned and tested on a test track in France, prior {o testing on-site in
Ottawa. The program will focus on the different braking modes in nominal and degraded mode in several load cases as
well as testing with degraded adhesion. The dynamic performances will be performed in Vehicle (single unit) mode. The
Train {multiple unit) configuration testing will demonstrate a smooth operation without performing braking performance
tests. During this phase, the ability to rescue a Train with another Train will also be testad.

On-Site Integration Tests

The on-site Integration test will focus on tests requiring either the final interfaces or localizations. This testing will include:
dynamic gauge, bogie stability and comfort, EMC, dynamic noise, the correct localization of Passenger announcements,
radio and Vehicle/ground communication.




COWO0523276

Test Results from Equivalent Vehicles

Even though most componenis are service proven, most type tests at T rain level will need to be performed for the specific
Ottawa Train configuration and operation interfaces. However, the component type tests performed for existing Gtadis will
he used as a reference and will be supplied.

Available applicable Test Result reports from Nantes Citadis (Reports 5.4.1.A-TR-101 to 5.4.1.A-TR-119) are listed in
Table 5.4-11A below. Please ses applicable test reports.

*Please Note: Due fo the length of test results, the folfowing reports have been submitted in electronic format only.

Table 5. 4-114 | Available Tes! Repols

TEST REPORT RAPPORT D’ESSAIS
54 1ATR-101 Testing TRAM-TRAIN Tram-Train Nouvelie Génération
NEW GENERATION WINDSHIELD W Pare Brise
TYPE TEST REPORT
CDRL 7-08

SALATRAG2 | Tesling | ) XILIARY CONVERTER FOR CITADIS

OPTIONG 7,9, 11, 12, 13 AND 16

TEST REPORT RAPPORT D'ESSAI
, TRAM-TRAIN NEW GENERATION ALSTOM TRAM-TRAIN NOUVELLE GENERATION
5.41ATR103 | Testing ALSTOM
BRAKING PERFORMANCE ON PERFORMANCES DE FREINAGE SUR
FRENCH NATIONAL RAILWAYS REN
TYPE TEST L i
e o PROJECT TTNG Eszal de type - ;:roiet‘ TNG 1 ,
AAATR- asting SWIVELLING AND SLIDING DOOR gzﬁ:rlﬁ?efe}aﬁteaoui;ssam&a 2 vantaux

WITH 2 PANELS AND STEP

EXIGENCES ACOUSTIGUES AU

TEST REPORT
541ATRA05 | Testing CAHIER
ACOUSTIC SPECIFICATIONS D58 CHARGES
CITADIS 35 kW
541ATR106 | Testing | TING PROJECT
QULIFICATION TESTS
TYPE TEST REPORT
5 ~ ~ 1 5 s .
5441 ATR-107 Testing MEASURES OF ILLUMINATION/LIGHTING Measures de 'éclairement
541ATRA08 | Test m [YPEJESI REFORT & Sabl
ALATR. ssting . SANDING ablage
i atrice | Tt TYPE TEST REPORT
AAR esing NVR, CAMERA AND EMB
SECTIONS.4
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541 ATR-110 Testin R [YFEJESI REFORT
0o d VEHICLE MEDIA CONTROLLER - 47
b4 ATRA st TYPE TEST REPORT
-TR- 35
A esling INTERNAL LED DISPLAY
_ TYPE TEST REPORT Systems Intsmet on bord
SALATR 112 Testng INTERNET ONBOARD SYSTEM Rapportd'assais de lype
541 ATRAN rost TYPE TEST REPORT
A0, ~ 281ng 6L PA PACK
, TYPE TEST REPORT Caméra IP
= { s SURVEILLANGE CAMERA (P} Rapport d'essais de type
TYPETEST REPORT Rack COTY - NVR / EBM / WIFI
544 ATR-115 | Testing RACK CCTV AOKAAY - VIR TERMY
) Rapporid’essais de type
NVRIEBM/WIF]
541.487TR-118 Testin IFE TEST REFORT #  DisioncteurArc 1520 M
A A Sh
& BREAKER )
TYPE TEST REPORT ;éf‘??f“d ezsa;sge type it
541ATR-117 | Testing BRAKING RESISTANCE n;‘;’feﬁg(’e ¢ feihage a ventiation
# AR COOLED e TTNG
®  IMPACT SIMULATION FOR ALSTOM
o - #  PROJECT TINGIFRANCE
e e #  AUTOMATIC COUPLER
® TYPE SD330
@ STATIC TESTS
® EXTRACT FROM STANDARD NF F 31-119
# RAILWAY ROLLING STCCK
54 1ATR-118 Testing # REHAVIOUR OF ROLLING STCOCK'S W Exirsit de la nomns NF F 31-118
SEATS AT STATICS STRESS,
# FATIGUE STRESS, VIBRATIONS STRESS
AND SHOCKS STRESS
B Eszzais Siatigues De Resistance De
STATIC RESISTANCE TEST OF Structure
541 ATR-201 Car Body 8 CARBODY STRUCTURE B Sur Chaudrons De Caisses TTNG
TTING De Fabrication

Alatom




COWO0523276

DESIGN NOTES
m CAR BODY STATIC AND FATIGUE CALCULS EN STATIQUE DE LA
5.4.1.ATR-202 Car Body DESIGN STRUCTURE DE CAISSE CEx
m CALCULATIONS AVEC 2 PORTES PAR FACE
CEx WITH 2 DOORS PER SIDE
. gizl{g?}g{g;?jﬂ{? AND FATIGUE .
54 1 ATR-203 Car Body DESIGN FATIGUE DE LA STRUCTURE DE
#  CALCULATIONS - CX CAISSE Cx
gi:@é\giﬂc AND FATIGUE CALCULS EN STATIQUE ET EN
5.4 1ATR-204 Car Body DESIGN FATIGUE DE LA STRUCTURE DE
m CALCULATIONS - (2B CAISSE C28
T B Simulationsdes collisions de
54 1 ATR-301 Crash # CRASHTESTS REFERENGE oo E
reference
SIMULATIONS
54 1.ATR-302 Crash # REGISTRATION OF CRASH TEST W Recalage de l'essal collision cabine
#w Essals de collision échelle 1
541 ATR.303 ot TEST REPORT B surlacabine TTNG
. . CRASH TEST LEVEL 1 ON CABIN ®  RAPPORT
m DESSA
CITADIS OTTAWA
5.4 1 ATR-401 | ThermallLoad

HVAC THERMAL LOAD CALCULATION

Table 5.4-11B iists component-type tests and Train-type tests.

Table 8.4-118 | Componsrt Type Tesls and Train Type Tests

s
.

‘X\W

Windscreen Performancss

R

Bogie System

Winterization/Climatic Adaptation

Awx: Auxiliary Supply
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| ®
Internal Lighting ®
Sanding &
- ... e .
Signaling Interface ®
"""""""""""""""""""""""""""""""" ...
®

Braking Resistor ®
Motor 2
Carbody Shell ® ]

Automatic Coupler @

Seatls ®
interiors ®
Smoke Detector ®

Rasistance to Motion

Dimensional and Gauge

EMC: Elsctromagnetic Compatibility

Acoustics/Noise

Raitway Dynamics

Weight Managementand Allocations

% & % @

Winterization/Climatic Adapiation |

Aux: Auxiliary Supply

2

Horn and End Lights

HVAC

Internal Lighting

Sanding

PAIRIS

Signaling Intarface

% & & 2: 8 2 & 8
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1CMB

Traction

Safety Earthing {grounding)

Fire Protaction System

Train: Joumey Time

54.3.6 Preliminary Drawings & Electrical Subsystem Schematics
Roof Eguipment
Figure 5.4-8 shows our proposed distribution of roof squipment on the proposed OLRT Vehicls,
Figure 5.4-8 | Hoof Equipment

Busiinry Sasses
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s
|

mns‘&:@agm

The Vehicle's high-voltage architecture is shown in the Traction Block Diagram (Cut Sheet 5.4.1-CS-801):

#  The power supply (sse 1 on the diagram) collected by the bi-directional pantograph
#  The lightning arrester {2), protecting the high -voliage equipment against over-voliages
# 1he circuil-breaker box containing:

- The ultra-fast circuit-breaker (3) protecting and isolating the traction chain

- The HV presence indicator

- The auxiliary protection fuse

5

All equipment listed above s located on the CC car (see Figure 5.4-8)

The power is then distribuled to the various power blocks located on the MC1, IMC1 and MCZ cars and the Auxiliary
power supply located on the CC car,

SECTIONS .4
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Traction Block Control Unit
The traction block containg the following apparatus (see Cut Sheet 5.4.1-C5.801):;

Pra-charge circuit (6 and 7)
Line inductor (8)
Rheostatic chopper {12}
Filter capacitor {11}

A traction inverter {14) driving the two associaled three-phase induction motors (18,1 and 18.2) located on the
motor truck

Associated current sensors {(17)
The rheostatic grids (13) are located on the roof next to the traction box

E B E B B

Retun Current

The return current schame has been designed to provide redundant paths to return current safely to the rail in a manner
that protects bearings while reducing interference to wayside equipment. Resilisnt wheels are provided with four shunt
straps betwesn the wheel hub and the rim,

Ausiliary Power

The redundant auxiliary converters (see architecture and layout drawing in Cut Sheets 5.4.1-C8-401 to 5.4.1-C8-405)
deliver different types of power output to operate the various on-board systems and devices:

m o 28.5 Volis de that supplies all LY equipment {on-board CBTC, Train lights, rear facing cameras, Passenger saloons’
normal and emergency lighting, Train Control and Monitoring System, track brakes, door motors, windscreen wiper,
battery charger)

m 480 V 60 Hz, thres-phase, fixed frequency that suppliss the Driver's cabin heater, saloon heaters and alr compressors

m 480 V 60 Hz threga-phase with variable frequency from 45 Hz to 80 Hz (U constant) that supplies the compariment
HVAC units

Alstom’s auxiliary power design complies with the redundancy requirements of the PA. In the case of failure of one
auxiliary converters all loads and limited batlery charging shall be maintained. Upon complete fallure of auxiliary
converters or loss of the OHL voltage, the two 28.5 Vdc batteries provide back-up power supply to critical foads for up to
80 minutes. In normal operation the battery chargers charge the batteries to ensure that they are kept at full load all the
time.

All auxiliary loads {ac and dc) are circuit breaker protected. All circuit breakers are available from the cab compartment.
Batteries
The nickel-cadmium batteries, charged by the static converters deliver the following:

E Energy for low-voltage clrculls {e.qg. track brakes)
m Emergency loads
m  Various devices (e.q. pantograph motor, windshield wiper motor)

The batiery capacity was calculated taking the following design criteria into account;

m Restart the LRV after 48 hours in the stabling vard with the parking lights turned on
m Supply sssential loads in operation following a loss of power for 90 minutes
B Supply energy in stabling for atleast 3 hours
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Depot Supply Sockets

When the batteries are discharged, they can be recharged by an extemnal source through dedicated sockets. These
sockets are located on the low-voltage control box on the MC2 section roof near the battery box.

This operation must be carried out when the Train is in sleep mode and the batlery isolated from the 285V Train
network. The battery is isolated from the Train by means of the battery isclation switch and is then connected directly o
the socket, Connection of this socket to an external charger then enables the batlery to be recharged. Note that if is not
possible to power Train equipment via this charging socket.

54.3.7 Industrial Design Representations

Alstom has long established a global reputation for know-how in transportation solutions. Unique for the raillway indusiry,
the Design & Styling department was created in 2005 fo meet the needs of today's railway customers and guarantees
quality resuits.

With a dual role in the engineering and manufacturing of rall vehicles and infrastructure, Alstom has established its own
dedicated Design & Styling {D&S) department, comprising 20 designers dedicated {o the full spectrum of railway products,
from streefcars to very high-speed Trains. This mulli-disciplinary approach allows us to create innovative designs that
meet clients’ aesthetic and performance expectations, while respecting the general configuration of the vehicle under
development.

The department’s cross-functional organization is adapted to meet the specific needs of rall ransport markets:

Consolidating competencies in design, digital modelling, colours, materials, and lighting

Benefiting from the knowledge of a network of industrial design experts in different regions

Stimulating the creative process and producing designs suited to each client’s cultural context

Meaeting design expectations for the entire range of Alstom Passenger Trains, from wban to main line Traing

g2 B 8 =

With more than 100 successiul projects completed, the process encourages customer input, creates a common vision and
identifies and integrates the efforts of potential project partners. In the past, D&S has worked with civil contractors
including  Systra, Impresa Pizzarotl, isolux Corsan, and international architects including Dubus  Richez,
BillingsJacksonDesign,RKD architects, Cepezed.

Our highly collaborative approach to design actively involves the client and key stakeholders., Working with each city’s
branding process, the D&S department analyzes the cultural, economic, political and gecgraphical context of the project.
This is summarized through photo reports and keywords. The objective is to define the arfistic theme which will be used
as a connecting thread for creation throughout the project.

A unigue competitive advantage of our modular product configuration is that the front end and interior arrangement can be
customized and become 3 critical component of the brand. The D&S department will propose various versions of shapes
for the interior and exterior, colours and tims in support of the final branding approach.
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Alstom has laid out a collaborative design process that guarantees guality results. The objective of this process is to
develop a product that fully satisfies all stakeholders and results in production of a full scale mock-up. As scon as the
mock-up is accepted by the City, it will be sent to Ottawa and made available for community and Stakeholder programs.

Freliminary Meeting

After the notice o proceed, Alstom mests with city
representatives o gather input regarding requirements.

Pre-Choice Meeating

New proposals based on information collected through
prefiminary mesting are presented. Selection of thess
proposals serves as a departure point for shape definition,
colour schemes, graphic lines and materials.

Choice meetling

The shape, colour and graphic line of a Train car is further
determined with 3D software, Vidual images allow
customers to get a feel of the object from different angles.
It is also a way fo confirm the detalls and options agreed
upon previously.

Freeze of oplions

Customers sign off to 80% of their preferences. This
marks the beginning of the manufacturing phase for
products related io stvling and design. The shapes,
colours and materials chosen are specified at this stage.
Alstom then submits a life-size impression of the graphic
line for approval by the client.

Working mock-up

Customers can see working mock-ups of components
such as the front-end cab or seating, among others. The
mock-ups represent 90% of the design choices made. This
step is optiopal, but highly recommended. Clienis see
factory samples to check for colours, patterns and trims.

Representative Mook-up

The representative mock-up is an accurate model of the
future Vehicle unit. All specifications may be reflected in
the mock-up, from front-end cab design to the colours and
trimmings inside. The mock-up proposed for OLRT will
consist of a section as shown in Figure 5.4-9,
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Figure 5.4-9 1 OLRT Vehicle Mock-Up

Q'Mack»up
A

§ BYE ot . foad B4R

Constructions, surfaces and finishes will be as close ag practicably possible 1o the final product specification. Volume and
iocation of interior components will be representative o the serial product to ensure representative spacing between
components. The mock-up willt not be functional and will not be equipped with trucks but will be fitted with lighting and
Passenger Information Display Systems (PIDS). It will be connected to the 110V, 60 Hz network to provide energy fo the
functional equipment. Figure 5.4-10 llusirates the concept, showing the axterior and interior of the Reims LRV mock-up.

Figure 5.4-10 | Relms Vehicle Mock-Up

54.3.8 Vehicle Dynamic Modelling and Simulation results
Traction Performance

Except where otherwise specified, the traction system performances and curves are defined with the foliowing
parameters:

Maximal load 4 pass/m?®

Power supply voliage: 1500 V

Inverter filter voltage: 1800 V in braking modes
Half worn whesls

Jerk limitation to 1.3 m/g?

g EBE B B B

The valuss specified in the curves and text below, are to be assigned with a tolerance of £5%. The specified values take
into account of the following:

m  Acceleration of flywheel masses

SECTIOMS 4
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E Resistance to forward motion calculated with Davies formula (R}
m Starting resistance
m  Resistance due to slopes (where specified)

Traction Characteristics on Flat Track

Figure 5.4-11 presents the traction Train level curves of the Citadis in single unit. The propulsion system will provide
initial maximum vehicle acceleration of 1.34 m/s® +/-5% {OCS vollage>1500 V, AWZ Loading) up to 32 km/h as required

by the PA.

Figure 5.4-11 | Single Unit Nominal Traction Characteristic

Train Simulation Results

The Vehicle dynamic modelling and simulation results are presented in Section 10.0 and summarized in Section 5.4.5.

5.4.3.9 Accessibility
Approach to Vehicle Accessibility

The Vehicle interior is designed with full low-floor Passenger area and seat arrangement (longitudinal and transversal to
provide full accessibility in compliance with AODA/ADA requirements, Transport Canada requirements will be complied
with only to the extent that they are applicable to LRVs. The Vehicle is equipped with seven dual leaf Passenger access
doors per side to oplimize Passenger accessibility and reduce exchange time at stations (see Figure 5.4-12).




Figure 5.4-12 | Door Placement

WMCL iMCL
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M2

in addition:

4

The Ottawa Vehidle, part of the service-proven Citadis
product range, guaraniess a continuous unobstructed
path connecting all accessible elements and spaces of
the Vehicle with a low-floor which includes slopes
{less than Bpercent in accordance with TS
Requirements)

The accessible space between seals, handralis
aiches with the ADA requirement (600 mm)
Proposed Vehicle accommodates the needs of
individuals with or without restricted mobility

All thresholds are equipped with a colour band
running along the full width which contrasts with the
step fread and is adjacent {o the floor

Vehicle access points are located to facilitate entry
and to maximize passenger flow. The proposed
Vehicle doors provide a width of 1300 mm when
opened, facilifating access for people with resiricled
mobility.

For boarding, the proposed Vehicles are equipped

with a leveling system {(air suspension} which ensures a gap of plus or minus 15.8 mm between the height of the
Vehicle floor and the platform. The maximum horizontal gap between the Vehicle at rest and the platform is

76 mm.

The gangway walkway links two sections and includes a floating tread plate, The width in the gangway is 1215 mm.

THEPROFOSEDOTTAWA UGHT RAHL TRANSITPROJECT TUNNEY S PASTURE TO BLAIR STATION
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Accommodation of AQDA and ADA Requirements

The proposed Vehicles comply with
subparts A and D {Light Rail Vshicles
and Systems) of the Americans with
Disabilities Act (ADA) reference 43 CFR
38 for Transportation Vehicles. During
design, manufacturing construction, and
revision of Trains, Alstom covers the
ADA reguirement by taking into account
anthropometric dimensions.

Wheelchair Access

At each enfrance, the dual-leaf doors providing an access width of 1300 mm, to allow passage of one wheslchair or
mobility aid users. A 1220 mm by 760 mm wheslchair spot is conveniently located next to each door area and allows
smooth Passenger flow around the area. Priority seats are located next to the wheelchair area.

information Displays
Signage

All signs are bonded on the Train with International Symbol of Accessibility and are displayed on the exterior of each
operating Vehicle. The doors use auditory and visual warning signals fo alert Passengers when doors are closing. Each
Yehicle contains signs which indicate that certain seats are priority seats for persons with disabiliies (see Figure 5.4-14;
seats in front of display and close to the doors-as ocutlined in red).

Figure 5.4-14 | Signage

OLRT Vehicles will accommodate persons using wheslchairs or other mobility aids, In these areas, signs indicate the
location and advise other Passengers of the need to permit wheslchair and mobility aid users to occupy them {(see Figure
5.4-15). Signage dimensions will mest ADA/AGDA reguirements,

Figure 5.4-15 | Example of Accessibility Signs




COWO0523276

Passenger Information Displays

Propossd Yehicles are equipped with displays which inform Passengers of the route {see Figure 5.4-16). The system is
designed to provide synchronized audio and visual Passenger information announcements including destination, station
stops, time, and emergency announcements according to Train route. The displays will meet these standards:

Visible from the platform
Located on the face to be visible {two per face of the Vehicle)

Integrated behind the window and have a glare-free surface, and a consistent shape. Text letiers are yellow, contrasted
with the black serigraphy of the window which permiis a dlear view.

The Ottawa LRT information system is also squipped with an interior public address system operated by OLRT personnsl,
or digitized human speech messages to announce Stations and provide cther Passenger information.

Figure 5.4-18 | Pills

wew Eront Display

Lataval Extarra Dastination Displey

ww Enteenad Display

Fushbutions

All Passengers have access 1o push butfons for access-door opening request or fo
commupicate with the Driver in an emergency. Provisions are made 1o infegrate these
push buttons according to ADAAGDA requirements:

e Located o be accessible by Passenger in wheelchalrs
® Contrast with internal fitting on which they are mounted

in wheelchair areas, a push button allows Passengers o request the automatic opening
of the adjacent Passenger door at the next Station. This allows Passengers in
wheelchairs to request door opening before arriving at a Station, allowing time to go out
of the Train comfortably.

Interior — Handrall and Stanchions

The handrails in Ottawa’s Vehicle are sufficient to permit safe boarding, onboard
circulation, seating and standing assistance, and alighting by persons with disabilities,
The proposed Vehicle also fulfills the TSI requirements so it is possible to grab the
handrails everywhere in the Train. The OLRT Vehicle is eqguipped with grab bars,
handholds, handrails or stanchions located as follows:

W in appropriate locations
" By each priority seating area intendad for use by persons with disabilities
® At each side of any enfrance or exit used by persons with disabilities

SECTIOMS 4
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B In location at any entrance or exit used by a person with a disability. The bars are accessible from ground level
and are mounted inside the Vehicle when the doors are closed.

m Al appropriate locations throughout the Yehicle o support independent and safe boarding, on-board circulation, seating
and standing assistance and de-boarding for persons with disabiliies.

g

The grab bars, hancdholds, handrails or stanchions do not interfere with the tuming and manoesuvring space required for
mobility aids to reach the allocated space from the entrance. They are contrasted (K>3 as TSI requirement) with their
background to assist with visual recognition, Every grab bar, handhold, handrail or stanchion will have these
characteristics:

w Rounded and free of any sharp or abrasive elemant
With an exterior diameter of 35 mm that permits easy grasping by the full range of Passengers and sufficient
clearance from the surface to which it is attached
Designed to prevent catching or snagging of clothes or personal items

B Equipped with a slip resistant surface

Grab bars, handholds, handrails and floor-to-ceiling stanchions have a smooth curve. Their precise shape will be finalized
during the design phase.

5.4.3.10 Train Systems & Safety Critical ltems

During development of the Citadis product range, safety analyses have defined critical items and assemblies. Safety-
critical equipment is equipment whose failure might induce a safety hazard; for example, structural elements, braking
system, traction systems, doors and signaling equipment. A preliminary list, provided in Cut Sheet 5.4.1.8-7, is based on
Alstom’s experience and will be updated for OLRT in the design phase. A brief description of the main sub-systems is
provided in this Section, with a summary of the associated safety approach where relevant.

Doors

The Vehicle is equipped with seven dual-leaf sliding plug doors on each side of the Train. Doors are largely glazed. The
electric type actuator (one per dual leaf door) is in the upper part of the door. The door leaves are made up of an exterior
glazing of the laminated glass type, bonded onto the structure and covering the door-leaf surface area. The panes include
black silkscreen printing all around the edges, to round off their aesthetic appearance and protect bonded areas from UV
radiation. The door leaves’ leading edges are fitted with elastomeric joints to ensure safety when closing, and tightness.
Tightness all around the door edges is ensured by an elastomeric sealing joint on the door leaf itself and the frame,
concealed for aesthetic reasons and mechanical strength. The doors are equipped with a fixed threshold to reduce the
gap between Train and platform. Doors’ main characteristics are provided in Cut Sheet 5.4.1.B-2.

Our approach to access safety has the following elements:




COWO0523276

® Train-speed criteria - The doors (except emergency working) can only be opened if a zero-speed threshold
information signal is present. The door’s closed-and-locked status is interlocked with propulsion.

# Closing control - Doors are fitted with special safety devices that allow each door to be locked after its closure
and which authorize Train start-up once all doors are closed and locked.

w  Obstacle detection on door closure - An obstacle-dstection device inhibits the dlosure of the relevant door as long as
3 Passenger is detactad between the door posts.

Truck

The proposed truck is a truck from the IXEGE family used on Citadis LRTs. For the OLRT, this truck will be fitted with a
pneumatic secondary suspension to meet the levelling requirement specific to the OLRT Project. This truck benefits from
all validation tests completed for the IXEGE truck. The main truck characteristics (see Cut Sheet 5.4.1.B-5) include:

# Achieves simultaneously the goals of having a pivoting motor truck for a low floor with a conventional truck
configuration with primary suspension, secondary suspension and axle drive.

# Allows negotiation of tight curves, even without transition, while reducing wheel /rail contact forces and the
resulting wear, due to pivoting trucks in the lead Vehicle position.

& Provides optimumn accessibifity for wheels, brakes and traction eguipment. Wheels can be removed without separating
the truck from the Vehicle, or removing the axle from the truck.

Braking System

Detailed information about the braking system is given in Cut Sheet 5.4.1.B-1. The safety approach related to the braking
function is as follows:

w Safety Brake - Safety brake command is reversed logic, which means safety brake is applied when the safety
braking trainline is not energized. This safety braking trainline is galvanically insulated to ensure that a single-point
failure cannot lead to the non-application of the safety brake. Magnetic track brakes are applied independently.

w Mechanical Brake - Brake actuators are also reversed logic, so if no voltage is applied on the line, sufficient braking is
applied to stop the Traln and hold it still.

Traction System
The traction system is described in Section 5.4.3.6.
Safety Approach

Driving direction is distributed to traction equipment through two independent trainlines. These trainlines are powered by a
stable multiple-position commutator. If a driving selection occurs when the Train is running, it will not be taken into
consideration. Traction power application depends on activation of the dead-man system by the Driver. Traction is
inhibited by trainlines when brakes are applied and the main circuit breaker is open upon safety braking.

Traction motor

The 4 LCA 1651 traction motor is a closed, self-ventilated, three-phase induction motor. Its nominal power is 150 kW.
Additional information is given in the traction motor Cut Sheet 5.4.1.B-4.

Train Control/Monitoring System

The Train Control/Monitoring System (TCMS) is based on the latest generation of Alstom computerized processing
software. The basic architecture for the Citadis is designed for operation in both single and multiple units without requiring
reconfiguration.
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The philosophy for the Citadis is to enable the TCMS to process a maximum of functions, both vital and non-vital ones.
This is accomplished largely by using data-processing techniques (digital computers, software and communication by
local information networks) with the aim of decreasing the number/lengths of hard-wired circuits needed, while increasing
the service level, focusing on providing assistance in driving and maintenance.

Control Electronics are dedicated to performing a given Train function (e.g. the door function) that is linked with the
TCMS. The TCMS inputs/outputs and the data network are used to exchange information between all electronics units of
the Train. In all cases, the MPU performs the main control/command and monitoring functions, with other equipment
performing its own local functions. Following this principle, data sent by the MPU to one or several electronic equipment is
called “‘commands”; data sent by electronic equipment to the MPU or others devices is called “controls” or “monitoring”.

The software programs concerned are not designed to accomplish safety-critical functions. Vital functions will be achieved
by hardware logic. The software has been developed in compliance with the EN50128 software development standard.

Architecture of the Train Control/Monitoring System (TCME)
The main architecture deployed is based on the following:

w Trainlines to perform Train safety command functions (e.g. traction/braking, doors opening/closing authorization)
and controls (e.g. all doors closed status), at Train and unit level

A redundant MVB network allowing communication between all electronic equipment inside the same unit (e.g.
Traction Unit, Brake Control Unit)

w A WTB network linked (via the unit coupling cable) with the MVB network of each unit via a Gateway WTB/MVB,
and allowing communication between Train units (when in multiple unit mode)

e An Ethernet network interfaced with major sub-systems for collection of maintenance and diagnosis data, at Train unit
level (when in multiple unit mode)

Cut Sheet 5.4.1-CS-903 provides the preliminary TCMS architecture for the OLRT Vehicle. This architecture is given for
information and may be subject to change during the design stage. It indicates the various types of equipment connected
to the networks but does not represent an exhaustive quantitative list.

5.4.3.11 Spin/Slide Control system

Each truck type is equipped with an anti-glide device. Slide is detected axle per axle on the motor trucks and wheel per
wheel on the trailer truck, Brake release during vehicle slide is performed truck per truck (both on the motor truck and
railer truck). The anti-slide module automatically activates the release of sand.

i in the event of a slide, in service brake, the confrol system
quickly reduces the effort (Kilt the slide) on the fruck that has siid.
The effort setling is reduced to adapt the effort to the adhesion
available. The effort correction is caloulated to malch the whesl
{trailer truck)faxle {motor truck) deceleration and the difference
between the speeds of the whee! {irailer truck)/axle {motor truck)
and the reference speed as shown in Figure 5.4-17. This type of
regulation {(Kill the clide) allows for quick and stable slide

{s} deletion.

Rotating Axle speed

In a slide during emergency brake, the control system reduces
the effort on the truck that has slid to maintain a cerfain
controled level of slide (15-20%) to stay as close as possible o
the maximum effort request (Kesp the sglide), This type of
regulation (Kesp the slide) allows for high sfficlency in high-adhesion level braking (Figure 5.4-18).

Figure 5417 | Rotating axle speed reguiationon a
sticding wheel (railer ruckYaxde (motor fruck) during
sarvice brake




COWO0523276

In a skid, the effort rapidly regresses. The gradient and amplitude of this regression depends on the acceleration of the
axie {motor truck) and the difference in the axle {motor truck) speed compared to the reference speed. When there is no
more spin, the traction effort is gradually applied again (Figure 5.4-19).

&

.............................................. : Rotating Axle speed 4

M

Jed

Figure 5.4-18 | Rotating axle speed requlation on a Figure 5.4-18 | Rofaling axle speed reguiation on g skidding
sliding whese!l or axte during emergency brake axle {molor truck) during traction phase

5.4.3.12 Vehicle Delivery & Parlial Assembly

The Vehicle will be shipped separately in two sections from France to the
MSF in Oftawa.

54.3.13 Vehicle & Wayside Subsystems

Communication between Vehicle and wayside is managed by the Train
ControlMonitoring System {(TCMS). The proposed TCMS for the OLRT
Yehicle is part of the service-proven standard Citadis product range.

Communication Based Train Control
The on-board and wayside portions of the CBTC system are described in Section 544
On Board Communications Network

All Train-wide voice communications, control of destination signs and Passenger information signs and transmission of
video within the Train will take place over a dedicated Ethernet network {see Cuf Sheet 5.4.1-C8-803).

The vehicle will communicate with the waysids via 3 Wi-Fi system with transceivers at Stations and the MSF. This link will
be used for non-vital information such as video, Automatic Passenger Counting (APC)

Radio

On-board Train Radio will be specified as defined in PA Schedule 15-2 Part 4 o fulfil related interface requirements with
the planned City Radio System.

Closed Circuit Television
Exterior Surveillance

In each Station, video cameras will monitor boarding platforms. Video will be streamed fo the TCMS via Wi-H
communication and displayed to the Driver. Cameras will also be installed aboard the Trains, enabling the Driver to
monitor the sides of the Train when not in a Station.
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Interior Surveillance

The video-surveillance system is based on a complete digital technology system. The CCTVY function is integrated with
the Ethernet backbone. Electronics cards which ensure “supply, network communication and recordings” functionalities
needed by this system are located in the same shelf {called Universal Mobile Controller) as Public Address.

This CCTVY system consists of the following elements:

m  Cameras fo monitor the Passenger compartment
w  Cameras to monitor the view out of the cab front and rear window
B One recorder with a hard disk{s) integrated in the UMC racks

Automatic Passenger Counting (AR

The APC system will provide an accurate count of passenger traffic and report the data fo the Performance Monitoring
System in real time.

Remote Diagnosis - Train Tracer

TrainTracer is the Alstom solution fo facilifate Train diagnostics, interfacing Train on-board equipment with the M&R
Team. Besides the usual access to Train data using a laptop PC directly connected to the Train, TrainTracer offers
remote access to full fleet data through intranet and internet, Health data is automatically monitored on board each Train
in operation and moves to back-office Web server through cost-effective wireless communications {see Figure 5.4-20),

Using a web-based server enables technicians to access Train data anylime and from anywhere there is intranet or
internet access. Data will be available to the M&R Team, as well as for a remote support team or maintenance manager.
As an oplion, access to TrainTracer could be made available to the Cperator. This approach provides unprecedented
vigibility info the real-time operation and health of each Train. it expedites corrective maintenance, supports the Train
crew and prevents some failures. TrainTracer reduces maintenance cost and simultanecusly improves Train availability.
This section describes the technical aspecis of TrainTracer sclution proposed by Alstom Transport as the maintenance
assistance system for rolling stock,

Figure b.4-20 | TrainTracer

frainTracer CFM {Co
Remosy atress - F
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TrainTracer Application Overview
To assist the Train maintainers, two TrainTracer applications will be available:

# TrainTracer CFM {Centralized Fleet Management} - A centralized application, managing data at fleel level,
aceessible using a thin client through a secured intranet or internet access

m TrainTracer UTH {Unified Train Maintenance) - A local application, managing data at Train level through a laptop PC.
The connection to the Train is direct.

Main faults generated by the Traing are automatically sent to TrainTracer CFM server and recorded:

# Alarms related to failures affecting current commercial service
®m  Faults to be fixed at depot

Other faults and detailed information are accessible through a laptop in the MSF using TrainTracer UTM and other
servers using open protocols, They are used for deeper investigation of faulty squipment.

These two applications may collaborate since CFM Imports maintenance data that has been recovered by UTM. This
solution enables us to manage the case where a remote connection is unavailable and a direct logal maintenance
operation has been necessary.

Catenary System
Interface with catenary system is described in Section 5.4.3.14.
Wheel Rail interface

Information on wheel rail interface is given in the truck Cut Sheet 5.4.1.B-5.

5.4.3.14 Power System

The OLRT Vehicle compliss with the EN50183 standard, concerning the supply voltages for raction systems. Table 5.4-
12 summarizes the lowest, highest and nominal voltages.

Table 5.4-12 | Vollages

Table 5.4-13 shows the estimated power balance on the catenary power supplied for nominal catenary voltage.

Table 5.4-13 | Estimated Power Bafance

Maximum Power for auxiliaries 325 kW (including 4775 kW for heating)

Maximum Power for low voltage network and equipment 16 kW

Maximum Power for Traction 1050 kW

Maximum Power required on Catenary Power Supply < 1400 kW (estimation)
SECTIOMS 4
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5.4.3.15 Carbody Strength

To ensure maximum safsty for Passengers, the carbody will excesd requirements of ASME-RT1. Cars are composed of
the following equipped modules:

Underframs {varsion depending on Vehicle)
Drivar's cabins {in head Vehicle only)
Roof

Sidewalls {(symmetrical left and right)

g2 B B8 B

Final assembly between the sub-assemblies will be performed either by welding, riveting or fastening, as required by
structural, manufacturability and maintenance requirements. Several lifting and jacking points are present in each Vehicle,
designed and calculated to ensure comrect performance for re-railing and maintenance operations. The exact position and
design of the support surfaces shall be daveloped to ensure compatibility with existing and service- proven elements,

See Test Reports 5.4.1.A-TR-201 to 5.4.1.A-TR-204 for the car-body strength calculation results of the Citadis Nantes,

5.4.3.16 Vehicle Weights and Axle Loads

Table 5.4-14 shows Vehicle weights and axde loads under different configurations.

oo 1Y = b4 HER

Table 5.4-14 | Vehicle Axle Loads

- Condition Axle1 | Axle2 | Axle3 | Axle4 | Axle5 | Axle6 | Axle7 | Axle8 Axle 9 Axle10 Total
Tare Load 8341 | 8341 | 6945 | 6945 | 7271 | 7271 | 7,998 | 7,998 8,276 8,276 7761
3.33p/m? 10,229 | 10,229 | 10,267 | 10,267 | 9,227 | 9,227 | 10,731 | 10,731 | 10,164 | 10,164 | 101.2T
4 p/m? 10,797 | 10,797 | 11589 | 11,589 | 9933 | 9,933 | 11,851 | 11,8561 | 10,732 | 10,732 | 109871
8 p/m? 11,365 | 11,365 | 12,910 | 12,910 | 10,369 | 10,369 i 12,970 { 12,970 | 11,301 11,301 118.4T

54.3.17 Crashworthiness

The end cabins provide appropriate protection o both Driver and
Passengers. The design integrates ASME RT-1 required elements. It
includes crash-energy absorption devices designed to deform in a
preprogrammed fashion and located as shown in Figure §.4-21.

Using a modular concept allows for a quick re-entry into revenus service of
any Train involved in one of the considerad crash scenarics. In the event of
low speed crashes, impacted elements (central absorber and/or coupler
assembly) are designed to be easily replaced. In the event of a higher-
speed collision, end cabing are bolted on the end of the frame and can be
easily and quickly replaced.

From the structural point of view, the Driver's cabin can be divided info two . ,
main elements: Figure 5.4-21 | Crash-Energy Absorption

Device
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® A top frame composed of comer posts and a fop structural
shelf as specified in ASME RT-1

m  An underframe integrating the crash absorption elements, the
driver's survival cell, full-width anti-climber, collision posts and the
interfaces with the top frame and all required egquipment supports
to comply with ASME RT-1

Detailed design will be finalized in conformance with the client’s
aesthetical design requirements. See Test Reports 5.4.1.A-TR-301
to 5.4.1.A-TR-303 for the preliminary crash caloulations,

5.4.3.18 Development, Production, Tesling and Commissioning Schedule

See Ssction 5.4.1.E for the preliminary schedule. Section 5.4.3.5 details the Testing and Commissioning Strategy.

54.3.19 Compliance Matrix

See Section 5.4.1.F for the compliance matrix,

5.4.3.20 Heating and Cooling

The Passenger compariment air conditioning is ensured by a roof-mounted fully unitized air conditioning unit on each car.
All units can be maintained from the roof,

Eguipment Description

The HVAC unit is a fully unitized roof-mounted unit developed to achieve heating and cooling performances while
minimizing noise. The cooling circult is hermetically sealed and uses homologated refrigerant liquid (R407C) in
accordance with current European Standards and the Montreal protocol, and compliss with Canadian laws and
regulations. Drawings of the proposed HVAC are provided in Cut Sheets 5.4.1-C8-501 and 5.4.1-C8-502, with further
details of the HVAC unitin Cut Sheet 5.4.1.B-3.

The HVAC unit has been designed to provide 8 m¥/hr of frash air per Passenger in AW?2 loading conditions, The fresh air
damper can be closed by the Driver for faster warm-up and cool down of the Passenger compariment. If over temperature
is detected, thermostatic and electrical protection is provided. An emergency shutdown switch is also provided in the
Driver's cabin.

System Capacily

HVAC capadity has been designed for optimal comfort, The proposed unit offers 35 kW of cooling power and 30 kW of
healing power. To ensure system capacily in terms of lemperature strafification, treated air will be distributed to
Passenger compariment by alr outlets located on the ceiling and at floor level. Thermal load caloulations used to define
the heating and cooling capacity required are provided in Test Report 5.4.1.A-TR-401

Controller

The controller regulates temperature in the Vehicle through multiple operating modes. These operaling modes are
determined by system configuration, analogue input values, digital input states, and the system set point. The following
functions are provided by the controfler;

Safety and shutdown protection
Diagnostics

Fault monitoring and annunciation to MPU
Self-health check

82 8 B B
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B Sequential starting of motors
m  Includes a +/-2°C set point adjustment for alf switching poinis

Cabin Eguipment
The ventilation, heating and cooling functions for the Driver are ensured as follows:

An cverhead air diffuser with volume and directional adjustability fed from the main HVAC unit
Two thermostatically controlled cab heaters

Side window defrost

Electrically heated windshield

54.3.21 Approach to Pushing/Towing, Fire Safety and Ride Quality
Pushing/Towing

Alstom Citadis products are service-proven on diverse rallway networks and are designed to rescue and fo be rescued.
The proposed OLRT Vehicle is designad for the following towing/pushing operations:

B A single Vehicle rescues another single one

r

Rescuing single Vehicle Rescied single Vehicle

m A multiple Vehicle rescuss a single unit

Rescuing multinle Vehicle Rescued single Yehicle

B A multiple unit rescues ancther identical multiple unit

Rescuing mudtiple Vehicle Rescued multiple Vehicle

In rescue operation, the allowed coperating speed is imited to 30km/h.




COWO0523276

Coupling

In normal rescued condition, the automatic coupler is used (see Figure 5.4-
21}, which contains all necessary trainlines for rescue mods. i can be
manually deployed in cases of low batiery or motor breakdown.

Rescue Mode Description

The rescuing Train provides low-voltage energy for all necessary functions.
Mechanical brakes are released with the auxiliary hydraulic pump thanks fo
shared low-voltage energy.

Automatic Coupler In an emergency stop button or an unwanted uncoupling, all rescued
mechanical brakes are acluating to slop the Vehicle, preventing all cases of
unbraked Trains.

Figiire 5.4-22

In the exceplional case of non-brake release through auxiliary hydraulic
pump, the Driver can release the brake mechanically (Figure 5.4-23). Brake
application will be possible only when hydraulic pumps are activated again.

In addition, the following functions are available in the rescued Vehicle (the
rescuing one is fully operational}:

Emergency stop buttons {in both cabins )
Windshield wiper

Exterior lighting

Cabin lighting

Train radio

g2 B B 8 B

Figure 5.4-23 | Brake Releass

Fire Safety

All non-metallic components used on the Vehicle are smoke-, flame- and toxicity-tested to NFPA 130, 48 CFR part 238
and BSS 7239, Equipment will mest NFPA 130 requirements. All materials used on the Vehicle, as well as their weight,
location and their fire/smokeltoxicity test report will be recorded in 2 database and maintained through the Vehicle
lifecycle. Table 5.4-15 summarizes the fire loading values.

The underframe and roof are made of sieel to ensure sufficient fire resistance. Design will be validated by performing
tests in accordance with ASTM E118, NFPA 130 and 49 CFR part 238. Smoke detectors are located in fresh air intake
sections of each car. if smoke is detected, fresh air intake will be automatically closed to prevent external smoke from
entering the Vehicle, Two additional smoke detectors will be installed in the vehicle's interior to alert both the driver and
the Control Operators in the TSCC of a possible onboard fire, To ensure proper Vehicle evacuation in case of fire, all
doors are equipped with an external and an internal manual door release. Two fire extinguishsrs will be located in each
Driver cab.

Table 5.4-15 | Fire Loading

Estimated fire loading for MC section (MC1 & MC2) 43 Gloules

Estimated fire loading for IMC section 36 Gloules

Estimated fire loading for CC section 39 GJoules
SECTIONS 4
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Estimated fire loading for an entire Vehicle 181 Gloules

Ride Quality

Thanks to its unigue truck architecture, the proposed Vehicle features comfort levels in line with international standards
for Passenger comfort,

B 150 2631 associated with UIC 513 (Measurements will be performed as per UIC 518
ISO 2631-1985: Evaluation of reduced comfort boundary for urban application

54.4 TRAIN CONTROL

RTG is pleasad to offer the SelTrac Communication Based Train Control (CBTC) System from Thales Canada for the
OLRT Project, SelTrac’s proven CBTC architecture provides comprehensive Train Control functionality with the highest
levels of performance, reliabifity, avallability and safety, The SelTrac CBTC System provides the 21st century urban
transit system operational capabilities required for the OLRT:

Fully protected bidirectional operation over the entire alignment
Moving block Train protection to maximize Passenger throughput

Flexible Conirol Operator interface that supports fully automatic scheduled operation while providing ltools to
manage incidents

Proven safety record - the longest in the CBTC industry
Proven performance in severe climatic conditions
A fully automatic maintenance yard with unattended coupling and uncoupling to promote Project sustainability

Thales has opsrated in Canada for more than 30 years emploving 1,300 employses in Transportation, Defence &
Security, and Aerospace sectors. Thales’ centre of excellence for signalling is located in Toronto, with offices in
Vancouver and Ottawa employing more than 800 people. These Canadian offices picneered the development of CBTC
Systems for the world market in the 1980s and continue to be leaders in delivering CBTC systems that exceed client
performance expectations, and in defining CBTC industry standards {IEEE 1474). Thales’ Software Defined Radio, which
will provide network communications for the GLRT CBTC System, was developed in thelr Ottawa office.

Thales hag 31 lines in revenue service tolaling 900 line kilometres, with a total of 1100 line kilometres confracted, and has
installed CBTC solutions around the world for more than 26 years. There are currently more than 800 transit track
kilometres signalled with Thales SelTrac CBTC solution in over 35 cities including major transit centres such as London,
New York, Hong Kong, Shanghal, and Beljing. Thales has never failed to successiully deliver a Selfrac CBTC project
and, once deliverad, the system has never been replaced. {See Cut Sheets 5.4.1.C-1 & 2 for the full project list) RTG and
Thales are exciled to work with the City to bring this unique Canadian success story to the nation’s capital.

5441 Modelling & Results of Expected Systems Performance & Applicability to the
OLRT

As the most experienced CBTC provider using the globally proven free-space radio technology, Thales’ SefTrac CBTC
System exceeds the City’s operational and headway requirements, ensuring Passenger comfort and oplimum travel
fimes. All features specified by the City are either included as generic Selfrac funclions or have been previously
implemented as a site-specific function in another system. This section provides an overview of how the SelTrac CBTC
System will be applied to the OLRT and describes the modelling that was performed to validate the CBTC System design
as integrated with the chosen Vehicle and alignment.
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Applicability to the OLRT

The Selfrac CBTC System proposed for the OLRT consists of the following major subsystems which are distributed as
shown on Diagram 5.4.1.D-8K-202:

# The Automatic Train Supervision (ATS) system which provides the high level OLRT control functions such as Train
schedule regulation, Control Operator interface and the interface to other OLRT systems {e.g. SCADA, Passenger
information, City systems)

# Zone Conirollers {(ZC) that ensure safe Train separation and provide the interfocking function on a section of
guideway

& Vehicle Onboard Controllers (VOBC) that enswre Trains are operated at a safe speed and within the Movement
Authority commanded by the Zone Controller

® The Data Communication System {DCS) which provides the fibre-optic backbone for communication betwsen the
fixed subsystems as well as the high-speed wireless data network for communication with the VOBCs

# [rack Circuits that provide broken rail protection and tracking of maintenance equipment and non-communicating
Traing’

®m [rack-mounted equipment including wireless Access Points, switch machines, signals at interlockings, Train
focation norming transponders, intrusion detection at tunnel portals and Stations, proximity deteclors at Stations,
and signage

RTG will also provide a training simulator to assist in the delivery of Control Operator training and certification programs.
This system will be entirely independent of the revenue service equipment listed above.

All these subsystems will be supplied and integrated by Thales and are described in more defail in Section 5.4.4.8 and
Cut Sheets 54.1.C-3 to 54.1.C-18. The system configuration is based on the highly successful Canada Line in
Vancouver, including a fully automatic storage vard, Unlike Canada Line, all major OLRT CBTC subsystems? will be fully
redundant, thus providing sven higher CBTC system availability.

Operating and maintenance procedures and training are an important factor in achieving high system performance.
Canada Line operations personnel will coordinate the development of OLRT operating procedures with the City and will
participate in developing and delivering operations training programs. Similarly Canada Line maintenance personnel have
participated in the design of the CBTC System and will oversee the associated maintenance procedures, fraining, and
participate in the testing and commissioning of the OLRT. This strategy will ensure that the CBTC System design is
supported by well-trained personnel, thus ensuring high system performance.

Simulation Modelling Results

Thales simulated the performance of the CBTC System on the OLRT alignment using a simulator that has been validated
against actual performance of Traing in other systems. The simulation used conservative values of braking and
acceleration derived from actual Train performance characteristics provided by Alstom. Actual guideway civil spesds and
CBTC System lolerances and processing delays were used. The Thales CBTC System uses a proven safety distance
algorithm that applies a conservative safety distance based on the worst-case braking distance caleulated for actual Train
speed, which allows the System fo safely maximize throughput.

The simulations confirm that RTG’s proposed system for the OLRT meets or exceeds all of the City's operational
requirements by achieving the following:

THEEE

! RTG has chosen to provide track circuits because, although they are not required by the SelTrac CBTC System, we believe that they are the City’s
preferred option. We are open to exploring other options which may improve system availability at the Conceptual Design Review.
¢ Canada Line Interlockings are not redundant.

SECTIOMS 4
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]
m  System capacity for all operating scenarios

Simulation resulis are summarized in Section 54.5 and detaills are presented in the Operstion Performance
Simulation. A narrative can be found in Section 10.0.4.

5442 Interaction of the Train Control System with Vehicles
Revenue Vehicles

Using proven interfaces, the VOBC will control and monitor major Vehicle subsystems including propulsion, brakes, and
doors, In general these interfaces will be Ethemnet, MVB and discrete trainlines for safely oritical functions. Vehide
networks and CBTC networks will be independent, and the CBTC Ethernet network will be redundant. The functional
description of the VOBC can be found in Section 5.4.4 .8,

Thales has successfully installed their system on Trains built by all major manufacturers. They have worked with Alstom
on the London Underground Jubilee Line and on Shanghai Metro Lines © and 8. The Shanghai installations employed
1500 Vdo as is proposed for the OLRT. The preliminary Train network design prepared jointly by Alstom and Thales is
shown in Drawing 5.4.1.D-SK-201.

Mon-Revenus Vehicles

SefTrac protects non-communicating Traing (NCT - either falled Trains or unsquippsed vehicles such as maintenance
equipment) with a Manual Route Ressrvation (MRR, which sets and locks a route from an origin to destination for an NCT
move) and tracks the NCT using frack cirouit status,

The Zone Controller interfaces with the track circuits and monitors thelr status to determine blogk occupancy, which is
reported to the ATS. The Zone Controller will use block occupancy to determine the location of the NCT and will release
the route behind the Train based on a check-in/check-out algorithm using block occupancy status.

NCT tracking is performed automatically by the ATS function. The ATS operalor can use the Oooupancy Train Correlation
command fo manually associate an NCT with a block ocoupancy. The ATS Line Overvisw graphically shows all Trains in
CBTC territory — equipped, unequipped, and non-comimunicating.

5443 Interaction of the Train Control
System with Operators

Train Driver

The Train Operator Display (TOD) in the Driver's cab of
the Vehicles provides siatus and commands fo the
Driver in a clear and easily understood format. The TOD
is ergonomically designed to present data in a clear and
concise display. The VOBC will provide data to the TOD
via an Ethernet interface (see Figure 5.4-24)

m  Speed (Maximum permitted speed, Actual speed,
and New target speed) FD MESSAGE

m Train operaling mode (UTG, ATG, ATP, Coupling,
Non-CBTC Territory, Manual Release, ATP Cut-
out)

m Indicates direction of travel, distance to go {fo the ‘ ' ,
next stopping point, to @ new target speed, and to  Figure 5.4-24 | Typical TOD Operation Screen
the movement authority limit)
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Dwell countdown timer, Faulls, Alignment at the Station
CETC Available modes

Side of doors that open, o verspeed indication
Train doors status

Train identification number

Current Station

Next Station

Train destination/Headcode

Ready-to-depart indicator (audiofvisual)
Local Time

Station Overrun Message

indication of Station hold at (next} platform
Indication of Station skip

Open/Close Train Doors command

Train operator 1D, Rolling Stock 1D

Travel Direction, Emergency Brake Status

g2 B E B E B B EBE B B B B B B B B

Mainliing Operators

The mainline Control Operators {COs) are the command level of authority for the OLRT. The SelTrac ATS function
provides COs with an interface where they normally run the railway in accordance with a prearranged schedule with
minimal intervention, but which provides powerful tools to intervene as required to manage spedcial circumstances such as
Passenger emergencies, large crowds, system failures or severe weather. ATS workstations and overview displays
provide real-time status of, and alarms for, the full rail network. Operational procedures will be developed in cooperation
with the City to define the appropriate response o alarms and delays. ATS functions and screens are described in detail
in Section 5.44.5.

COs are assigned a command Level of Authority (LOA) based on thelr training and certification. They are also assigned a
Region of Authority (ROA) based on the portion of the railway they have been assigned to control. ATS command level
authorization and territory control are controlled through the User Administration ATS function. ATS operators are
required to log in with a defined user account to access ATS functions. Each user account is associated with one or more
LOA user groups, which determine what commands are accessible 1o that user,

For those commands which perform a function in a specific territory of the railway, the logged-in ATS operator must
acquire control of the ROA that includes that area before being able to issue the command. Only one CO may have
control of an ROA at a given time. The user account specifies for what ROAs the operator is authorized to request control.
Assigning ROA and LOA groups is restricted to authorized personnel.

Al commands executed by an operator are logged in the archive server with the user account and workstation from which
the command was issued.

Mainienance & Storage Facility (MSF) Yard Control Functions

The MSF Yard ATS workstations provide similar capabilities as the mainline, plus certain vard-specific functions such as
the Train Wake-Up Command and a Train Park Command. The ROA function ensures that the vard Control Operator
{YCO) cannot execute commands that affect the mainline. The yard control functions are described in Section 5.4.4.7.

SECTIOMS 4
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5.4.4.4  Train Control System

The SelTrac CBTC Subsystems oullined in Section 5.4.4.1 are further described here. Equipment location and
interconnections are shown in high level architecture Diagram 5.4.1.0-8K-202. System hardwars is described in Cut
Sheets 54.1.C-3 to 54.1.0-18. System software, including development life cycle and configuration control are
discussed helow.

The CRTC product offered by Thales has an optimized architecture bullt around the integrated Zone Controller (20,
which implements both CBTC and Computer-based interlocking System (CIS) functionality.

The vital components of the system are the Vehicle On-board Controller (VOBC) on the Train and the Zone Controller
{£C) on the wayside. Together they provide the Automatic Train Protection functions of the SelTrac CBTC. The non-vital
ATS provides the operator with a high-level set of operation management functions for Automatic Train Supervision. The
Data Communication System (DCS) provides the communication means for all components to exchange data. A wayside
Train detection system is implemented to track non-communicating Trains using track circuits.

Automatic Train Supervision (ATS} is the top-level system management and supervision component of the Selfrac
CBTC, providing the ATS functionality:

Schedule and headway automatic regulation, including energy -saving features

Automatic and manual routing

System status {e.g. status of Trains, switches, emergency-siop system) monitoring and display
Operator control functions and user interface

Data logging and report generation

Interface with external systems, including Passenger information systems

E B B B B B

The function of the ATS Server is o perform predictions, routing, schedule regulation, and to maintain the system status
and alarm database. The ATS Server will write all log information {i.e. events, alarms) into the clustered database in the
MSF. The Database Storage Unit (DSU) is the repository of the system databases. It is used to securely distribute
application data to the system components remotely. The ATS I8 non-vital and performs no safety critical functions.

ATS Servers are redundant and implemented in a hot standby configuration. Redundancy of ATS worksiations is
achieved by providing multiple workstations in each control room and allowing any workstation to be configured for any
function.

The Zons Controller {ZC) is the core Automatic Train Protection (ATP} component of the wayside vital Train control,
which integrates the Limit of Movement Authority calculation with interfocking functionality. Each Zone Controller man ages
a section of the rallway (zone) In accordance with various operation and configuration requests from the ATS. The ZC
controls and monitors the following:

Al track-mounted equipment in ifs zone
m  All Trains in its zone via continucus communication with the VOBC
B Trains entering or leaving its zone via continuous communication with the neighbouring Zone Controller(s)

The ZC is a vital subsystem and is configured as a 2 X 2002 (see Section 5.4.4.9) subsystem o achieve high safety and
availabiiity. Each ZC is equipped with a local ATS workstation to maintain basic ATS functionality in the unlikely event of
loss of communication to the central ATS Servers. In case of complets loss of the ZC CBTC System process, the ZC will
function as a conventional interlocking in a standalone faghion,

The Vehicle On-Board Controller (VOBC) is the core onboard train control system component which provides driver
controlled operation {ATP Only mode), driver supervised operation (ATC mode), and driverless operation (UTO mode), by
implementing Automatic Train Protection and Automatic Train Operation functionality, including safe automatic or
manually driven Train movement, including Driverless turnback and accurale Station stopping, automatic door operation
and protection.
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The VORC performs ATP and ATO functions in accordance with ZC and ATS commands, with which it maintaing
continuous communication over the CBTC wireless network. The ZC provides the Limit of Movement Authority (LMA)
used by the VOBC fo safely operate the Train in accordance with the maximum speed profile. The VOBC, using its
sophisticated safe-braking model, calculates in real-time its safe braking curve, allowing the Train to stop very close fo the
end of its LMA, thus reducing the required overlap distance. The VOBO reports the position, speed and status of the

controlled Train to the ZC.

The YOBC is a vital ATP compenent of the SelTrac CBTC system and is designed and built redundantly for high safety
and availability. Each 48.5 m Vehicle is equipped with a safsty redundant {2003} VOBC (see Section 5.4.4.9). In addition
to on-board tachometers and accelerometers, the VOBC uses transponders to maintain Train position and proximity

plates which support accurate Station stopping in ATO mode.

The Data Communications System (DCS) is the SelTrac
CBTC communication component, s main function is {o
enable fast, Dbidirectional, secure and dependable
communication betwsen all subsystems (see Figure 5.4-
25).

The radio component of the DCS is based on iEEE 802.11
successfully deployed over more than 300 line kilometres.
The radio layout provides gecgraphical redundancy {zones
have overlapping coverage) and on-board redundancy {with
a pair of antennae installed at each end of the Train to
provide diversity).

DCS security davices ensure that communication between
the wayside trusted network and the wireless trackside and
on-board network is secure.

Figure 5.4-25 | Data Communication System Context

The modular system architecture provides bulit-in expandability to support line extensions andior fleet expansions o
realize the full capacity of the OLRT. The system architecture of the Train control system is supported by trackside

aquipment and three classes of software.
Trackside Equipment

The following equipment will be installed at the trackside;
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Software Classification

The software for this Project falls into thres classifications:

w  Vital Software - Software which, if implementad incorrectly, may reduce System safety. The development and
modification of vital software is subject to rigorous reviews and procedures {8.9. ZC and VOBC softwars).

B System-Critical Software - Software which, if implemented incorrectly, may reduce System day-to-day
operational capability, The development and modification of s ystem-critical software, although not required to mest
the same standards as vital software, is subject fo a complete design/review/test program to ensure that the
functional requirements are met {e.g. ATS scftware),

B System Support Software ~ Softwars which, if implemented incorrectly, will not have an immediate effect on the level
of System service but which is required to meet the overall System specification. The development and modification of
System suppott software is designed with a less rigorous method, compatible with ensuring specified funclionality (e.g.
Training Simulator softwars),

Software Development Lifecycle

This section describes the software development process for producing software to meet functional requirements.
Software V-Model Life Cycle

The V-Model for the software development process is used o manage the relationship between each phase of the
development cycle and testing, as indicated in Diagram 5.4.1.D2.3A. The model deploys a well-defined structure, in
which each phase is implemented in accordance with the outputs from the previous phase. Systemrequirements are input
to the model.

Software Configuration and Control Management

Software configuration and all associated documentation will be controlled and managed according to Thales’ proven
Software Configuration Management work instruction. The software gystem will be segmentsd into Computer Software
Configured ltems (CSCls) that will be version managed by use of the software tool ClearCase. Defacts to these CSCls will
be managed through the accompanying software tool ClearQuest,

During the development, software configured items include the following:

Software Requirements Specification {ClearCase)
Software Design Documentation{ClearCase)
Software Source Code (ClearCase)

Software Test Plans {ClearCase)

Software Test Specifications {ClearQuest/ClearCase)
Softwars Test Source Code (ClearCase)

Software Test Scripts {ClearCass)

Sofiware Test Results {ClearQuest)

B2 BE E B B EBE B B

When an anomaly is detecled, 2 Software Change Report {SCR) report is submitied to the dsfect tracking system, This
report is handled as per Thales' Change Control Process. Closure of this report will follow the documented development
process complets with all reviews and checkpoinis, Thales's Change Control Process ensures the following:

m  Any perceived hardware, software or document faull is reporied, recorded and resolved.
w  Change instructions are represented in a clearly stated, structured and consistent manner .
B Proposed changes are fully evaluated {in a defined way, by all relevant parties), and are properly resclved .




COWO0523276

® There i visibility on the status of all changes.
Al communication paths are well defined.
Hardware Configuration Control

All Line Replaceable Units {LRUs) that are identified as hardware configuration items are serialized during manufacturing.
As part of final inspection, the configuration of each LRU will be verified and recorded.

Where items are procured from a subcontractor, the subcontractor will record the configuration and submit the
configuration log with the tem in accordance with the purchase order requirement. The configuration log will be verified as
part of Thales’ inspection procedures,

5445 Key Funclions and Modes

This section is divided into two major tables. Table 5.4-16 defines key functions for both normal and abnormal conditions.
Abnormal conditions are defined to be fallure conditions or extreme weather. Table 5.4-17 defines the interaction of
oparational modes and identifies how Drivers interact with the system.

Key Functions

Table 5.4-16 | CBTC System Key Functions

SECTIOMS 4
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CBTC System - Operations Mode Interaction

Because of its large installation base, the Thales CBTC System supports all the features of each operating mods
specified in the PA, generally as part of the generic product and in a few cases as site-spedific functions implemented on

previous projects. Table 5.4-17 shows how the subsystems interact to manage the operations modes, Vehicle modes are
further described in the State Transition Diagram 5.4.1.02.6.

Table 5.4-17 | CBTC System Qperations Mode interactions
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uncoupling Supervision

54.4.6  Train Control System Functional Description

The functional description is organized by the classic categories {i.e. ATS, ATP and ATC), summarized as follows:

B ATS performs all s ignalling and control functions but has no responsibility for safety
ATP is responsible for safe Train separation and routing In accordance with control requests from the ATS

ATO is responsible for automatic operation of the Train in accordance with commands from the ATS and under the
supervision of ATP

Automatic Train Supervision (ATS)

ATS for OLRT can be divided info two major modes: ATS Automatic Mode and ATS Manual Cperation Mode, Both modes
operate with minimal intervention and provide the CO with powerful tools 1o intervene as required to manage special
circumstances such as Passenger emergencies, large crowds, system failures or severe weather. Any automatic
operation can be manually overridden by the CO. A preliminary list of commands is shown in Table 5.4-17.

ATS Automatic Mode

This is the normal mode in which the OLRT will run. The CO loads a timetable at the beginning of the day. The limetable
defines a set of runs for each level of service (LOS) and each run defines the schedule of operation for a Train in that
LOS, ATS will wake up each Train at the required time, send it to a Driver pick-up platform, route it to the mainline, and
assign it to a run. Trains are routed from Station to Station according to their assigned timetable run. Once the run s no
longer required, ATS routes the Train back to the vard.

Automatic Train Regulation

This function regulates Train movements to sither 3 scheduls or defined headway. Schedule reguiation minimizes
deviations belween the operating fimetable and actual Train movements. Headway regulation ensures that the time
between Trains is consistent.
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ATS will modify a Train's acceleration rate, maximum speed and/or Station dwell time to address a difference ({late or
early) between its actual Station arvival time versus the target arrival time according to the active regulation strategy. ATS
can also apply the following regulation functions in real time to provide significant energy savings:

w Adaptive Slow Running ~ Modify a Train’s driving profile to reduce acceleration rate and limit spesed to avoid
stopping between Stations due to the preceding Train being behind schedule .

® Arrival/Departure Coordination ~ Coordinale braking and acceleration of nearby Trains to reuse energy from
regenerative braking.
w  Constrain Peak Demand - Limit the number of Trains departing simultansously to reduce power spikes.

The timetable compilation tool provides Energy Efficient Planning capabilities similar to these three o optimize a timetable
for energy efficisncy.

Automatic Train Rouling

ATS Manual Operation Mods {Interlockings}

ATS Manual Operation Mode allows the CO to contyol the interlocking process of the 20 from an ATS workstation {either
ceniral or local). This mode may be useful in case of loss of CBTC Train-to-wayside communication or during the
maintenance window when operaling with unequipped vehicles, The ZC will operale as a conventional interlocking
performing all the functions specified in the PA including alfowing the CO to do the following:

Set up routes by selecting entrances and exits or by selecting switch position for each switch
Block and unblock switches

Call, cancel and fleet signals

Set the interlocking to operate in an automatic turnback mode

g B 8 B

ATS CO Interface

The ATS provides the human-maching interface (HM1) to the CO. The SelTrac HMI is powerful and flexible, again due fo
Thales' experience and large installation base. The CO uses the ATS workstation fo issue commands and o monitor the
state of the system. The ATS Line Overview provides a complete visual reprasentation of the OLRT stats including of the
focation of Trains, their routes and Movement Authority, the state of wayside devices, system alarms, and Traction Power
status. Cut Sheet 5.4.1.02.2 shows typical ATS screens, and the NetTrac MT Cut Shest 5.4.1.C-4 provides further
information. Table 5.4-18 provides a preliminary list of ATC commands. The details of the ATS HMI interface will be
developed at the CDR and will fully support the operating procedures that RTG will prepare in cooperation with the Gity,

SECTIOMS 4
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Online timetable updates Run assignment Re-determination
Line assignments Regulation mode System hold

Train hold Train stop / proceed Shuttle operation
Platform hold Platform skip Server switchover
Train reset UTO Train park UTO Train wake-up

point to point Train routing

Region & Level of Authority

Occupancy Train Correlation

Temporary speed restriction

Set/clear work zone

Emergency brake set/reset

Manual switch control

Interlocking mode control

Manual route reservation

Open/close track Route blocking Platform close

Signal block Authorize UTO mode UTO Train couple/uncouple
Switch block

ATE L us

Speed adjustments Dwell adjustments Door control

Acceleration rate adjustment

Brake rate adjustment

Automatic Train Protection (ATH)

The heart of the ATP function is the ZC: it determines the Limit of Movement Authority {(LMA) and provides route locking
while supporting full bidirectional operation. The VOBC is responsible for enforcing the LMA and acouralely reporting
Train position. The ZC reserves a block {section of guideway) for the Train up to the end of the route {typically the next
Station} upless there is an obstruction along the way {e. g. preceding Train). As the Train moves within this block the
YGBC reports the Train’s new position allowing the ZC 1o release that part of the block now behind the Train. If the LMA s
restricted by a preceding Train, the ZC will advance the front end of the block as the precsding Train moves ahead, hence

the CBTC term "moving block.” These functions are described below.

Safe Train Separation and Interlocking




COWO0523276

Traln Tracking

Using position reports from the Train and ifs known length, the CBTC system safely and accurately determines the
location of both the front and rear of the communicating Train. The VOBC vitally determines Train length, using Vehicle
length and coupler status. Yehicle length is defined by the Vehicle 1D plug, and coupler status is used to determine if the
Train is a single Vehicle or a coupled consist. Train position is maintained as described below.

SECTIOMS 4
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Tracking Communicating Trains

The ZC uses the position reported by the VOBC fo track communicating Trains. As a Train approaches an area
associated with a neighbouring ZC, the VOBC begins to communicate with this 'takeover' ZC. During the transition
between zones, the VOBC communicates with both ZCs, which also communicate between themselves. The VOBC stops
communicating with the handover ZC once the Train is completely inside the takeover zone.

Train Doors

If door status is lost when the Train is stopped, the VOBC will prevent the Train from moving. I door status is lost while
the Train is moving, the YOBC will stop the Train and alarm the Driver and CQ. Upon restoration of Train-door closed-
and-locked status, the ATS Operator will reset the emergency brake and the Train will start moving.

The VOBC will provide a door-enable signal on the platform side {as determined from its guideway database and Train
orientation} only when the Train is aligned with a Station and is stationary with propulsion disabled. Upon completion of
the platform dwell, and once the doors have closed, the VOBC will remove the door-enable signal.

Automatic Train Operation (ATO)

SelTrac ATO governs mainline functions such as speed regulation, programmed Station stopping and automatic door
operation. ATO commands are always subordinate o ATP supervision functions. The ATO component of the CRTC
systern is primarily designed to provide automatic Train operation, Train movement, door open/close, alarms and
comimunications, and information fransmission to the ATS. The ATO process will monitor the aclive cab’s master
controlier to aflow the Driver to assert control as per the PA.

Data Communication System

All communications between subsystems are via the non-vital Data Communication System (DCS). Vitality of the dala
ransferred via DCS is ensured by incorporating sequence numbers and CRCs in each message, and using an
authentication algorithm applied to sach message. Algorithims for generating sequence numbers and CRCs are known
only by the vital devices, to prevent corruption by non-vital components of the DCS.

Backup Methodology in Case of Communication Fallure

The SelTrac CBTC System has a high level of availability due to a robust architecture. The equipment is configured fully
redundantly fo provide high availability (in addition to redundancy to provide vitality). This is implemented from the
processor through to field input/Output modules. In this way the system folerates the failure of one component with no

impact to system operation.
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System redundancy is explained further in Section 5.4.4.8. The following sections explain the reaction to specific fallures.

Non-Communicating Trains (NCT)

Zone Controller Failure

Communication Failurs

ZC to VOBC Communication Loss

SECTIOMS 4
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Methodology for Broken Raill Detection

Yard Operations

The yard is dividad inlo functional operations areas (see Drawing 5.4.1.D-8K-106):

® The area where the OC Transpo Drivers operate to pick up and drop off Trains will be equipped exactly as per the
mainline to ensure common operaling procedures. OC Transpo Drivers will pick up and drop off Trains as
described below.

SECTIOMS 4
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g The remainder of the yard will not be equipped with track circuits and signals. The YCO will control Train  operation
throughout the yard as required to support mainline operations and manage maintenance activities. Movement of
unequipped Trains will be controfled by the YOO using Manual Route Reservations (MRR) in accordance with
proven Canada Line procedures.

E he Transition Zone (TZ) is used to move Traing fo and from the Maintenance Hall and to test Trains returning fo
service from maintenance. The T is within CBTC Territory while the Maintenance Hall and its approach apron are
manual operation areas.

B The YCO will control moves between the Maintenance Hall and the TZ using an MRR {o control the two-aspeat
signals which will be sel to stop unless the YCO has set a route in response to an equipment move request {via
radio) from an M&R hostler. Transponders in the TZ track will notify the VOBC that it is moving info or out of CBTC
Territory and it will react as specified in the PA

m  Similarly the YCO will control moves to and from the maintenance-of-way (MOW) storage track using an MKR. The
MOW track is provides guick access to the mainline to maximize the usable nightly maintenance period.

Yard operations will not affect the mainline. The vard/mainline control boundary will be on the connector frack between
them, The precise location will be determined in conjunction with the development of operating procedures in cooperation
with the City. The transfer of Trains across the boundary will be transparent to the CO, as is the transfer of Trains across
any ZC boundary. To control the yard the YOO will use an ATS workstation which has full ATS functionally. The Region of
Authority function will ensure that the YCO cannot execute commands that affect the mainfine. Failure of the yard ZC will
not affect the mainline, An FMECA will demonsirate that there are no cradible CBTC vard equipment failure modes that
¢an affect the mainline {including network failures).

Train Launch for Revenue Service
Prior to service start the mainline CO will select a timetable which defines the service level. The ATS will then:

Select which parked Trains will be usad to maet the service level (the YCO can edit this "launch st

Send each one a wake-up command at a configurable time before the Traln is scheduled for service {lo ensure
that the interior temperature is comfortable)

Route each Train as scheduled to one of the handover platforms for the OC Transpo Driver to board
e Route the Train onto the mainline upon Train mode changing to ATO {or ATP Only) and assign it to a run

Exceptions are as follows:

w The VOBC performs a start-up test upon receiving the wake-up command. The ATS informs the YCO if the test
fails. The YCO will then route the Train to an inspection point or, if necessary, dispatch M&R personnel to
manually drive the Train to the Maintenance Hall for service. The YOO will assign another Train to the launch list,

m If the OC Transpo Driver does not arrive in time the ATS will alarm the YCO to address the delay before sarvice is
affectad.

Traln Exit from Revenue Service
The ATS will select Trains o be taken out of service in accordance with the timetable as follows:

m Before amriving at the exit Station the ATS informs the Driver and the Passenger information system that the Train
is baing taken out of servics,

m  Upon completion of the dwell at the terminus Station the ATS routes the Train to one of the handover platforms in
the vard,

The Diriver drives the Train o the handover platform, tums the cab off and exits the Train.

w Upon confirming that the Driver has left the Train, the YCO will normally command the VOBC to change to UTO
mode and route the Train to a storage track where the Train will enter a low-energy-usage mode unfil commanded
to wake-up. The YCO may also perform other actions as required:

e Route the Train to an inspection platform for inspection by a technician andfor cleaning staff,
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Rotute the Train to the wash and/or sanding facility.
Route the Train to the Maintenance Hall. in this case the Train will come to a stop at the CBTC Territory boundary
{see TZ in Drawing 5.4.1.0-8K-106) and wait to be boarded by an M&R hostler who will change the Train to Non-
CETC Territory mode and reque st a route info the Maintenance Hall as described above

#  Uncouple a two-car Train 1o prepare for a tmatable that requires shorter Trains, or to send one Vehidle o the
Maintenance Hall.

#  Couple to ancther Vehicle to prepare for a timetable thal requires longer Trains.

54.4.8 System Safely Verification Standards

For the OLRT Project, Thales will adapt the System Safety Programme Plan (SSPP) plan that defines safety objectives,
targets, and the required safely tasks for each of its projects. The OLRT SSPP will describe the methodologies and
technigues to perform each safely task and address ‘product’ technical and management aspecis. Other types of safely
issues, such as site safety, will not be covered in this document.

This SSPP will describe the tasks and activilies supporting application of the Thales generic Sellrac product safely case
to the Project, building on the tasks and activities that have been performed in support of the product baseline. The tasks
and activities within this scope, in many cases, take as inputs the artefacts produced in developing the product bassline,
svaluating and updating based on the impact of the implementation delalls of the Project. The proposed sclution is based
on field-proven design which has been subjected to Independent Safety Assessment, the core of which remains intact for
this Project. The existing safety artefacts will be confirmed and reused for this Project, where appropriate. In all cases, the
existing artefacts are thoroughly reviewed to determine appropriateness and extent of reuse potential. The reuse of
existing safety artefacts aids in building strong safety arguments for the OLRT Project.

The SSPP embodies the principles, methods, and best practices used in the transit signalling industry, and complies fully
with PA safely requirements. It is based on the processes defined in EN 50128, EN 50128, EN 50129 and EN 50159
specifications. The SSPP also defines tasks and documentation per Thales' own SC-8001 Manuals and Work
Instructions (W1} as referenced.

This SEPP consists of eight sections which will desaribe each component of the Safety Programime for this CBTC Project:

®  Section 1 defines the scope of this document and provides a brisf description of each section.
Section 2 (References & Terminology) identifies the standards and references that will be used to quide system
design and implementation to achieve required safely targets. Abbreviations and acronyms used in this document
are listed and definitions of safety terms are provided in this section.

w  Section 3 {System Descriplion) describes the proposed CBTC System with focus on system architecture and iis
interface with other systems,

w  Seclion 4 (Safety Targets) desciibes the safely objectives required o be met by system design and
implementation and the ¢ afely process used o demonstrate the achieved performance.

# Section b (Safety Management Organization and Responsibilities) describes the CBTC project team organization
and their responsibilities with respect to the safely programme.

® Seclion 6 (Safety Engineering) describes the CBTC project lifecyale and the safety tasks corresponding fo each
stage. The process o control safety-related hazards and service affecting failures throughout the Project lifecycle
is described in this section. This process ensures that the implementad CBTC system attains the required safety
targets.
Section 7 addresses the strategy and necessary activities of the safety assurance and certification process.

 Section 8 lisis the Project safety deliverables and briefly describes their content and deslivery milestones.
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5449 System Redundancy

Ficure 5.4-26 1 DCS and Radundant | ocal ATS Warkstatinons

With all its servers being redundant, hot-standby configured, Thales ATS offers high availability through an architecture
that accommodates two modes:
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w  Mulliple users, with either central or local (Station) access
m  Multiple types of operator responsibility configuration in terms of authority and area of control

DCS is a redundant network implemented using high-guality COTS components, distributed between control locations
(T8CC, BCC, Stations, YCC), equipment rooms, frackside and on-board the Trains. The wired (802.3) and the wireless
{802.11) components of the DCS use open-standard natwork protocols,

Redundancy of the Train-to-wayside radio network is discussed in the next section.

54.4.10 Train/Wayside Communications Reliability

in a Train Control environment, performance, reliability and mobility are key considerations. The Thales DCS ensures
performance by providing a low mean message (IP packet) latency and a low packet error rate (PER) by providing a
redundant on-board radio link and redundant wayside radio coverage. Each Train has a radio at both ends, and afl
YOBCs on the Train are connected to both radios. All messages between the VOBC and ATS or ZC are sent twice, and
the IP addressing scheme transmits messages over two separate radio links. Only one message needs to be received for
a successiul transmission to ocour.
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This section summarizes the results of simulations performed to demonstrate that the proposed system meets all the
City's Operational Performance requirements. Simulation details are presented in the Operation Performance Simulation.
A narrative can be found in Section 10.0.4.

5.4.5.1 Validation of Operational Capabilities & Capacity through System Performance
Simulations

System Performance Simulation is performed using a software program known as Muesl Standard which simulates Train
movement through the entire guideway. Numerous functions are incorporated into the simulation to model the
characteristics of a modem transit system;

Train data: acceleration, service decsleration, smergency brake rate, brake application delay
Guideway data: grade, civil speed limits, Stations and switch locations

System data: speed measurement errors, Train positioning errors

Cverspesd iolerance, safety distance calculation algorithm, process delays

Routing data

E B B EBE B

To take info account the variations in travel times at different Siation segments, stochastic simulations were carried out o
astimate terminal-to-terminal frip Hme variances. These simulations confinm that RTG's proposed system for the OLRT mests
or excesds all of the City's operational requirements:

B Peak line capacity of 11,428 PPHPD in Operating Scenario 1 and 18,151 in Scenario 2, which can be increased to
an ultimate capacity of 24,000 PPHPD in Scenario 3

m Average standee density of 3.33 Passengers/m? during peak service, with 40 percent of the capacity provided by
seals, and average standee density of 0.80 Passengers/im? during off-peak service

B Minimum tumback headway of 79 seconds (Tunney's Pasture) and 88 seconds (Blair) in ATO mode and
86 seconds {Tunney's Pasture) and 90 seconds (Blair) in manual operation (ATP Only mode)

Single-track outage headway of 14:52 minutes in the longest single-tracking segment
Maximum trip time of 22:21 minutes including Dwell Time in ATO, and 22:46 minutes in Manual mode

5452 Proposed Consist Arrangements

The proposed Train consist for peak service is a two-car configuration. Each Vehicle has a length of 48.5 m, with the
distance between the farthest doors in the two units being 83.7 m (see Drawing 5.4.1-8W-102). The carrying capacity of the
Vehicle is illustrated in Table 5.4-19.
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Table 5.4-19 | Vehicle Capacily

Seated Passengers 120 40.13% 120 35.82% 120 73.62%
Standing Passengers 180 58.87% 216 64.18% 43 26.38%
Total Passengers per Vehicle 300 100% 338 100% 163 100%

Each Vehicle is capable of carrying 300 Passengers at 3.33 standees/m? in Scenarios 1 and 2, and 336 Passengers at
4.0 m?2 in Scenario 3 during peak service. In off-peak service the average standee density of 0.8 standees/m? provides an
even higher degree of Passenger comfort. Seated Passengers account for 40 percent of the total capacity in Scenarios 1
and 2, and over 35 percent in Scenario 3, thus meeting the comfort level requirement outlined in PA Schedule 15-2, Part 1,
Article 2.6 (c).

54.5.3 Terminal Operations

To optimize for lower Driver hours and tighter headways, the double-platform tumback is preferred during peak periods for
the following advantages:

#  Shorter minimum turnback headways, especially for Scenarios 2 and beyond
# Fewer Drivers required
® Longer dwell time at the terminus for Drivers o travel fo the opposite cab to reverse direction

Under the double-platform turnback, the terminal dwell is set to be identical to the operating headway. Terminal dwell
during Peak Period is lustrated in Table 5.4-20. Under all scenarios the terminal dwell offers more than enough Hme for
Passenger loading and unloading, as psr PA Schedule 15-2, Part 1, Article 2.6 ().

Table 5.4-20 | Terminus Slations - Peak Period Dwel!

Tunney’s Pastura and Blair 189 seconds 119 seconds 105 seconds

To comply with the Article 2.6 {f) {iv} requirement to demonsirate the ability to reliably meet terminal time requirements,
we undertook performance simulations to verify the minimum turnback headway at both Tunney's Pasture and Blair. The
result {see Table 5.4-21), confirmed that the minimum turnback headway at both termini is well below the shortest

operating headway in Scenario 3.

Tunney's Pasture is not expecied to be a terminug Station in Scenarics 2 and 3, as per the AM Peak beardings and
alightings data for Service Levels 4 to 9 in PA Schedule 10, Nevertheless the proposed sclution shows that the Tunney's
Pasture Station can mest the strictest turnback headway requirements, should the City choose to use Tunney's Pasture
as a terminus in Scenarios 2 and 3. Section 10.0.4.3 describes terminus operations.

Table 5.4-21 | Terminus Slafions - Minimum Headway

R

Tunney's Pasture 79 seconds 86 seconds
Blair 88 seconds 40 seconds
SECTIONS 4
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5.4.54 Station Dwell Time Analysis

As per PA Schedule 15-2, Part 1, Addicle 2.6 {8}, nominal dwell times at all Stations were determined based on directional
peak hour boardings and alightings provided in the Schedule. Factors taken into account for the determination include
boardings and alightings, number of doors per Train, operating headway, Passenger throughput per door, system
communication factors efc. As per Avticle 2.6 () {iv}, an absolute minimum Dwell Time of 20 ssconds is applied at all
Stations. Dwell Times are then included in calculating the maximum terminal-to-terminal travel time, as per Asticle
2.6 {8} {i}. Section 10.0.4.4 fully describes the analysis.

54.5.5 Capability to Reliably Support Headway Requirements

To demonstrate the capability to reliably support headway requirements, RTG carred out two simulations. First) the
inimum turnback headway was determined and compared against the peak headways of the System in Scenarios 1, 2
and 3. Second, the design headway of each inter-Slation section of the guideway was also determined and compared
against the peak headways.

The first step involves determining the minimum turnback headway. This is illustrated in Section 5.4.5.3, where minimum
tunback headways at Tunney's Pasture and Blair are calculated to be 79 seconds and 88 seconds in ATO, and
86 seconds and 90 seconds in manual operation. All minimum turmnback headways are comfortably below the tightest
requirement of the 105 seconds headway in Scenario 3. The second step involved determining the design headway of the
guideway by performance simulation. Results of the simulation are presented in Table 5.4-22) where design headways in
all guideway sections meet the 105 seconds headway. Combining the two steps demonstrates compliance with PA
Schedule 15-2, Part 1, Article 2.3 {a): the System can reliably support 2 sustained operational headway of 2 minutes or
fess.

Table 5.4-22 | Design Headway al each Infer-Slation Seclion

Bayvisw - LeBreton

LeBrston~ Downtown West 71 74 57 | 60

Downtown Wast - Downtown East 82 85 77 79

Downtown East— Rideau Centre 74 77 81 83
"""""""""""""""""""" RidsaiCanta-Camps. . | ®» | ®m o @ @
Campus - Lees 72 75 68 7w

Lees ~ Hurdman 83 86 67 87

Hurdman - Train Station 62 65 69 72

Train Ststion - St Laurent 57 &0 55 57
...................................... S tLaurent~Cyrvz!ie 61 63 71 73

Cvrvsiie ~ Blair 2 . 58 60

5.4.56 Single-Track Operation Headway

As per Schedule 15-2, Part 1, Article 2.3 {b), the System is designed to support a sustained operational headway of
15 minutes during a single track outage. To comply with this requirement, RTG simulated performance o determine the
sustainable headway in all single track outage scenarios in the System. Figure 5.4-25 illustrates the single-tracking




COWO0523276

scenarios. This caloulation of the single-track operation headway takes into account the track length, number of Station

dwells, and allowable speed between the switches used o bypass the failed track. The result of the simulation is
presented in Table §.4-23.

The worst-case single track outage headway is 14:52 minutes. System design thus complies with the Article 2.3 (b}
requirement. The SelTrac CBTC System also supports "flesting” of Trains through a single tracking section whereby
muitiple Trains can be sent through the section in alternating directions. This function has proven to significantly increase
single tracking Passenger throughput on the Canada Line. RTG will recommend singleGtracking flesting when preparing
OLRT operational procedurss in cooperation with the City.

Figure 5.4-25 | Single-Tracking Scenarios

ki et N Ei-
b o oo ';f{\' o g "»mmm;
A e R P, .
B b ] 3 L
TrE BAY LER DTW O E ORI Cay o LEE HUR RS

Table 5.4 -23 | Single-Track Operation Headways

W ; 9E 1457

3E 3W-Pocket 10:43
W | Pocket-3E ' 10:02

T 4E Pocket-dW-5W 437
4w 4E-Pocket 312
5E 5w 0:51
5w 6E-5E-4E-Pocket 4:59
6t SW-6W 2:09

Pocket Section 4E-3E 13:53

5457 Project End-to-end Trip Times

With all Inter-Station Travel Times and Station Dwells determined for Year 2021 and 2031 in both ATO and Manual
operation, the End-to-End trip times are presented in Table 5.4-24. All scenarios meet the maximum lerminal-lo-terminal

trip time requirement of 24 minules in Manual mode and 23 minutes in ATO mode, as defined in PA Schedule 15-2, Part
1, Article 2.7.
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Table 5.4-24 | End-to-End Trip Times

Eastbound 2{}21 | Manual 22 44 mmﬁtes
................................... V\ jestbound 20 2 1 ATO 22 2 1 - nmes......._........_
Westhound 2021 Manua! 22:55 minutes
Eastbound 2031 ATO 22:15 minutes
Eastbound 2031 Mamr;uai | 2246 minutes
Westhound "2m(}~3:1m A?O 22:10 minutes
Wastbound 2031 Manual 22:44 minutes

5.4.5.8 Validation of Operating Scenarios 1 and 2

With the relevant data presented in the above sections, Table 5.4-25 presents the System capacily for Scenarios 1 and 2.

Table 5.4-25 | Sysiam Capacity

Paak Headway 189 saconds 118 seconds
Terminal Dwell 189 seconds 118 seconds
Cycle Time 3052 seconds 2903 seconds
Capacity per Train 800 800
AM Peak Capacity 11429 18,151
Capacity Requirement

. 11,360 18,040
{Schedule 15-2 Part 1 Article 2.5)

54.5.9 Approach to System Expansion for Operating Scenario 3

Al-grade Station platforms will be buill to accommodate Scenario 2 (90 m) and designed to be expandable to 100 m to
accommodate Scenario 3. The Underground Stations will be built fo accommodate Scenario 3. The MSF site will be built
to accommodate the LRVs required fo meet Scenarios 1 and 2, as well a8 any non-revenug and specialty maintenance
yehicles. The MSF Building will be designed fo be expandable to accommodate Scenario 3. Table 5.4-26 shows the
headway for Operating Scenario 3 with the proposed Vehicle operating as a two-Vehicle Train, as well as options to
achieve the compliant headway of 105 seconds.

Table 5.4-26 E Seenarin 3 {)p@i ating Headway

336 4 35 1012 105 58

23,0403
24000 | 351 4.7 | a3 105 | 105 56
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24,000 351 4 99.75 105 105 56
24,000 | Average 3519 4 | 35 114 | 105 10+46
Motes:

1 Not including spares

2 The system design will accommodate the 101s headway. A shorter headway is achieved reguiarly on by the Thales CBTC System
on Vancouver SkyTrain between Broadway and Waterfront Stations

3 Mon-compliant capacity by 4%

4 Non-compliant Passenger density by 7%

5 Nop-compliant sealed% by 5.3%

8 Average capecily of & mixed fest of 48.5 and 59.3m long Vehicles (ses helow]

RTG will procure the Vehidles to accommodate the opening year. This will be accomplished with a two-Vehicle Train,
each Vehicle being 48.5 m long (including the coupler the overall Vehicle length is 98 m}. The distance between the
outside faces of the end doors is 83.7 m. The Vehicles will allow for future flset expansion to accommeodate Scenarios 1, 2
and 3.

A headway of 114 seconds for Scenario 3 can be achieved with a mixed fleet of 48.5 m and 53.3 m long Vehicles as
follows:

# The 59.3 m Vehicle is cblained by adding a new IMOx module to a 48.5 m Vehidle 1o increase Passenger capacity
{0 413 (see Figure 5.4-26).

m  Coupling a 59.3 m Vehicle with a 48.5 m Vehicle will result in a 108.8 m long Train. The distance between the
putside faces of the end doors is 94.5 m. The Underground Station platforms are sized o accommodate this and
the Al-grade Station platforms will be extended to 100 m to accommodate the longer Train. The MSF Bullding will
be designed so that it can be expanded as required. Additional storage tracks will need to be built as shown on the
drawings. The City can slect whether 2 storage shed is needed for these Vehicles.

® o comply with the specified peak hour headway, the average consist capacity should be 752 Passengers. This
can be achieved with ten 108.8 m Train plus eighteen 98 m Trains. Therefore, 10 of the longer Vehicles are
required.

Figure 5,4-26 | Addition of New Modules

Additiorel moter sk Additional 4D madule

The proposed timing of the changeover fo the longer Vehicle is as follows. For Scenario 2 in 2031, 50 Vehicles (25
Trains) are required. This fleet will be increased to 58 Vehicle s to handle Service Level 9 in 2048,

Once the City elects to initiate Scenario 3, the 10 additional IMCx modules will be manufactured and added to 10 of the
axisting 48.5 m long Vehicles. It will take six weeks to extend each Vehidle. To limit service impact, we propose to modify
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one Vehicle every three weeks, so only two Vehicles will be out of service at any one time. However, since two extra
Yehicles are required for Service Level 9 the flest will be fully operational even when two Vehicles are being extended.
The fotal retrofit duration will be less than 1 year,

However, there are other options to achieve a 105 second headway which are more economical for the City:

w  Slightly increasing Passenger density from 4 Passenger/m? to 4.3 Passengers/m? OR
E  Nominally reducing the percentage of seated Passengers from 35 to 30 percent (a difference of approximately 10 seats)

This section examines non-revenue vehicles, their specific tasks and lessons from other projects about purchasing
yehicles.

54.6.1 Vehicles for Specific Maintenance Activities & Tasks

The non-revenue equipment that RTG proposes fo use for maintenance of the system will consist of both Hi-Raif and Rail-
Bound equipment {(see Table 5.4-27). The stralegy is to use Hi-Rail {road/rall equipment) wherever possible {o maximize
work time and accessibility to the system. Bacause much of the OLRT will be at grade, access points can be provided at
varicus poinis on the system where Hi-Rail equipment can be driven to by public roadway. This will maximize available
work time as this equipment can be ready o access or clear the system immediately at the start and end of the work
window, and typically much closer to the work location. Because Rail-Bound vehicles are confined to rail movement, they
have o be driven on the rails betwean the MSF and the work location, and typically after all Trains have cdleared the
system or before Trains have launched onto the system. This significanily reduces the amount of productive work time
that is available for Rail-Bound equipment. Despite this disadvariage, there are numerous operations where Rail-Bound
equipment is more capable; thus, RTG infends to use both, For specialized equipment that will not be used on a frequent
or consistent basis, RTG intends to contract this work out rather than purchase and maintain equipmant that would be
vastly underused. Examples of such equipment would be production tampers, stabllizers, track geomelry measurement
equipment, and ultrasonic rail flaw detection squipment, All these services are readily available in the Ottawa area,

Table 5.4-27 | RTG Mon-FRevenue Equipment List (BB = Rail Bound, HR = High Rall)

Train Shunter QB y Shunt éind pcsztnon'lframs.m the MSF where Rechfargeable batiery-powered
no overhsead power is available electric
Requires towing capacity, deck,
Utility Maintenance RR 1 Crew transport, materials handling, track crans, crew compartment buckst,
Vehicls and DCS maintenance, Train rescus. hydraulic circuits, and Train
couplers on both ends.
To be towed behind utility maintenance
Trailers RR 3 vehicle, One for general materials handiing, | 10 fonne usefulload, air brakes,
one for cable handling, and one for tunnel 7.0 mx 2.5 mdecks.
wash squipment.

‘ L One for welding and heavier frack Ford F-750 or equivalent. One with
Large Hi-Rail . : .
ks HR 2 mamtanam&_ complete welding set-up, one with

One for OCS inspection and work double buckeis for OCS work,
Smaller Hi-Rail One for g.usdeway mspgcisanand light FEPAIT | tord F-350 4x4 crew cabs or

HR 2 Ons for signal system inspsction and light :

Trucks . equivalent

repair
Ballast Regulator RE 4 ‘Reg'watmg balastin summer, snow cleating iﬁ.dustryvstgnda;rd ballastregulator

in winter with snow fighting sliachments
Rail Grinder RB 1 Rail grinding to address corrugationand rait | Minimum 8 stons, programmable
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profile rail profiling, sealed pressurized
cab, dust collection.
f\ﬁgi‘ﬁmmt;c}n road/ Muit;—fur_actsan mgter‘sag hafadizﬁg, 260° rosd rail axcavator with
rait Loadey/ HR i gxcavating, loading, rail handling, snow
o : atlachments
Excavator fighting, vegetation control.

Spot surfacing of slab to ballast sactions,

switches, low spots Spot utifity 16 tool tamping machine

Spot Tamper RB i

NOTE: All motorized equipment will be diesel powersd and equipped with scrubbers fo reduce emissions and be funnel safely
comphant,
54.6.2 Lessons Learned about Non-Revenue Vehicle Purchases from Other Projects

Purchase Lquipment that is Industry Proven when Needed

Purchasing hi-tech equipment/vehicles {requiring specialized training o operate and maintain} at the start of an operation
usually means that this equipment is not used as intended when required. The employees trained to operate and mainiain
the equipment are usually not the ones around when the equipment or vehicle is needed to perform maintenance or
repairs. Technelogy changes and, In most cases, the equipment becomes obsolets,

Furchase Vehicles and Equipment that Fit your System

Purchase vehicles and equipment that can negotiate the track geometry in the yard and main line. On transit systems,
smaller vehicles and squipment work better in the tighter clearance areas. Also, the hi-rail vehicles can manoceuvre bafter
in urban environments and access the track easier.

Furchase Equipment that can do Mulliple Tasks

A buckst truck can replacs a platform truck for OCS maintenance and be more flexible in low-clearance areas. It can also
be used by facility maintenance to support lighting maintenance and platform maintenance.

54.7.1 Traction Power Supply Design Process

The design methodology of the fraction power supply employs a computer simulation technique, computer-based “fraction
ioad flow modeling”. The model used for this Project is Train Operation Model {TOM) comprising two parts: Train
Performance Simulation {TPS) and Electric Network Simulation (ENS).

TPS requires accurate Train and guideway data as well as Traln loading, Station dwell times and speed restrictions for
inputs. TPS modeling results should provide the following information:

Train power profile output

Train trip distance shown in TPS output summary

Train trip fime shown in TPS ou tput summary

Train ensrgy consumption in each trip shown in TPS output summary
Train energy consumption per km per car in TPS output summary

B B8 B B B

The computer ENS modeling requires accurate traction power electric network data, Train operation data as well as the
Train power profile from the output of the TPS. ENS simulates a flest of Trains based on Train operation data and
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calculates the cument voltage and power flow on the proposed traction power network modelled. ENS modeling resulis
should provide the following information;

B Current output measurement along the traction power electric network, which includes transformer-rectifier de rms
current at each substation, RMS currents on de feeders from each substation to OCS

Load curve output at each substation rectifier
Transformer -rectifier do current graphs in each substation
Train voltages, in voltage scattering charls

ENS results will be used to verily adequacy of substation capacity, OCS and is associated do feeder cable current rating
in the proposed fraction power supply systemn and the minimum Train operation voltage given by Alstom. If the simulation
indicates components of the traction power system are overloaded or under-used, adjustments would be made 1o the
traction system mode! and the simulation redons.

54.7.2 Traction Load Flow Modelling Results & Parameters

The traction power system will be designed for the capacity of Scenario 2 {18,040 pphpd) with the capability to be
upgraded to Scenario 3 (24,000 pphpd). The system will be able to sustain full performance service in both normal (all
TPSS in service) as well as in continganay (any cne TPSS out of service).

A simulation was performed based on equipment sizes and TPSS locations indicated in Section 5.4.7.5. The traction
power system characteristics included the following:

8 TPSS — each with one 3 MW extra heavy-duty rectifier

1500 V de traction voltage

Feeder Cables from TPSS to OCS — 3x500 komil

OCS — one 500 kemil messenger wire and one 350 kemil contact wire {20 percent wear)
Running rail -~ 115 Ib AREMA with 10 percent wear

2 BE B B B

Scenario 2 was simulated with all TPSE In service and each TPSS out of service, for the contingency situations. The
following acceptance criteria validated the proposed traction power system:

m Rectifier KMS current does not exceed 2000 A {raled load of reclifier) if no TPSS is out of service

Rectifler RMS current does not exceed 3000 A (150 percent rated load of rectifier) if the neighbouring TPSS is out
of service

m  No more than one percent of the total Train voltage samples falls below the minimum Train operation voltage of 1000 V

Simulation resulls indicate the traction power system proposed meets or exceeds OLRT requirements. Table 5.4-28
summarizes the TPSS loading and Train voltage from the simulation. See Cut Shest 5§.4.3-RP-100 for the simulation
graphs.

Table 5.4-28 | Scenario 2 TRSS Transformer Rectifier Unit Loading

TP&E-01 896 1385
TrP&5-02 1126 1808
TPSS-03 1052 1541
TPEE-04 819 1356
TPGE-05 843 1332
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TP&5-06 1086 1401
TPSS-07 1305 1697
TPes-08 978 2161

Scenario 3 was simulated with all TPSS in service and sach TPSS out of servige, for the contingency situations. The
result of the simulation indicates an exira messenger wire will be required o minimize voltage drop along the OCS and
therefore increase the Train voltage to an acceptable level for the contingency cases. An additional feeder cable {lo
4x500kemil) from the TPSS to the OCS will also be reguired. Table 5.4-29 shows is the TPSS loading and Train voltage
with these additions. See Cut Sheet 5.4.3-RP-100 for the simulation graphs.

Table 54-29 | Scenario 3 - TPES Transformer Rectifier Unit Loading

TPSS-01 1439 2277
TPS8-02 1719 2558
TPSS-03 1629 2375
TPSS-04 1391 2063
TPSS-05 1079 1626
- _ 1104 -
TPSS-07 1160 1697
TPSS-08 | 707 1299

54.7.3 Traction Power Supply Design, Failure Modes & Mitigation
Traction Power Supply Design

The traction power system will be designed based on the loadflow study. The medium-voltage ac switchgear, transformer
rectifier units, 1500 Vde switchgear, isolating disconnect switches, feeder cables and overhead contact system will be
designed o accommaodate the rms current loads as well as peak overloads typical for a transit system without defriment
to the equipment,

A negative rail grounding switch will be provided in each TPSS to ensure the negative bus-fo-ground vollage does not
excesd PA requirements by shorting the negative bus to ground if the vollage excesds a presst level. The rail grounding
switch also provides an analog output to SCADA of the negative bus voltage 1o ground voltage

Failure Modes & Mitigation

To mitigate service deterioration in system failure mode all CCS sections are tisd at substation locations through do
switchgear buses. Each OCS section is fed from two neighbouring substations at both ends. Two bypass power switches
will be provided for both eastbound OCS and westbound OCS at each substation location except two lerminal
substations. In addition one powser switch will be provided at each terminal substation for emergency tis belween
eastbound CCS and westbound OCS.
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if the traction power supply system is in failure mode (either the substation out of service or breaker in dc switchgear
tripped), the bypass power switches will dlose to ensure that the OCS section passing through the failed substation is still
fed from two neighbouring substations at both ends. If the terminal substation is out of service or the breaker in terminal
substation do switchgear is {ripped, the emergency tie switch will close o ensure that the OCS section passing through
the falled substation is still fed from two de feeder breakers at both ends, although two breakers are located in the same
de switchgear in the neighbouring substation,

Since all OCS sactions are tied and fed from two ends in both normal mode and fallure modes, this traction power supply
design is very reliable. Since the traction power eguipment rating in this design is based on 150 percent overload for two
hours, the OLRT system can operate with one subsiation out of service for two rush hours withoul any service
degradation,

Even if the traction power supply system is in failure mode with more than one substation out of service, all OCS sections
are still fed from two ends and the system is still very refiable and can opsrate with reduced service.

The two lead tracks to the MSF will be provided with feeds from the MSF Yard TPSS and the mainline TPSS-06. In
normal operation the lead tracks will be fed from the MSF Yard TPSS with the feeds from mainline TPSS-06 normally
open. If a Hydro Ottawa outage occurs o the MSF Yard TPSS, the feeders from mainline TPSS-06 can be closed to
provide fimited 1500 Vdc traction power to the MSF Yard,

The MSF Yard will be sectionalized with separate feeders to the storage lanes and other fracks in the Yard. Each fesder
for the storage lanes will not fesd mors than four lanes. Tracks to the vehicle wash, vehicle inspection platforms and
vehicle lathe will also be separately sectionalized. All sections, with the sxception of the vehicle wheel! lathe, will be
provided with manually operated disconnects to provide alternate feeding to the ssction.

interfaces {o Hydro Oftawa (HOL)

Medium voltage service of either 13.2kV or 27.6 kV will be provided by HOL for the Traction Power Substations,
underground stations and the MSF. The feeds provided will be looped, radial or distribution loop. The medium voltage will
follow HOL’s Planning Report.

For each medium voltage servics, RTG Is responsible fo provide HOL swilchgsar pad {or room for Downtown West
Station, Rideau Station and MSF Bullding), grounding and the necessary ducting as per HOL requirements, HOL will
supply and install the HOL switchgear and metering transformers,

A branch feed will be provided al the TPSS o feed the Station transformer for Stations close to the Traction Power
Substation:

Tunney's Pasture
l.aBraton
Hurdman

Train

Cyrville

Blair

2 B BE E B B

Stations that ars not close to traction power substations will be fed separately via low voltage from HOL, in which HOL will
provide and install the HOL switchgear, metering and power fransformer. These Stations are as follows:

B Bayview
B Campus
B L8es
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Underground Stations {Downtown West, Downtown East and Rideau) will be fed from a dual loop from HOL at Downtown
West and Rideau and the two feeds will be looped between the three Stations. The HOL feeds will be as per Option F of
the HOL Planning Report.

Power Management and Monitoring

The medium-voltage ac swilchgear feeder cells will be provided with digital metering devices to monitor power flow. This
will be connected fo SCADA for monitoring and logging at the Control Center, For Stations that are not fed from a nearby
traction power substation, digital metering will be provided on the main low-voltage switchboard and will be connscted to
SCADA.

5474 Preliminary Single Line Diagram

Preliminary single line diagrams are provided for the mainline and MSF:

m  For the mainline, refer to Drawings 5.4.3-8W-101 to 5.4.3-SW-108
w  Forthe MSF, refer to Drawings 5.4.3-8W-108 and 5.4 3-SW-109

5475 Proposed Substation Locations

The eight TPSS will be located along the mainline and two TPSS will be located in the MSF as per Tabie 5.4-30. The
actual location and space requirements of the mainline are shown in Drawings 5.4.5-SW-101 to 5.4.5-SW-108.

Table 5.4-30 | TPSS Locations

TPSS-01 98+150 West side of Tunney’s Pasture Station
e 100+270 LeBretonStation
TPSS-03 102+470 Within Rideau Siation
TPS5-04 104+110
TPSS-05 105+540
....................................... e S e

TPSS-07 108+710 West of Cyrville Station
TPSS-08 110+610 East of Blair Stafion

TPSS-YARD

TPSS-SHOP . Within Admin/Shop Building

U ST 7y A

§0OFhF e by DR
RO S I Y [ W)

54.8.1 OCS Description

The mainline OCS will 3 simple catenary consisting of 3 350 komil hard drawn copper contact wire and a 500 komil,
37 strand hard-drawn copper messengsr wire. Typical stagger will be 300 mm maximum. The OCS will be designed for
the temperature variation and ice loading of the Ottawa environment,
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5482 Typical OCS Arrangements

For the at-grade and elevated sections of the mainline, Simple Catenary auto-tensionad will be used. The conlact wire
height from top of rail will vary to provide clearance from the structures, and system depth will be 1200 mm. The poles will
be round tapered and generally be belween the tracks with spacing no more than 50 m. The poles may be coloured fo
blend into the surroundings. Tension lengths will be no more than 800 m to accommodats the large variation of ambient
femperature in the Ottawa environment. Tensioning will be by balanced weight assemblies. Short tensioning sections, for
axample in the special trackwork, wili be done by spring tensioners.

Insulated overlaps will be provided at TPSS for sectioning the OCS. Insulated overlaps will alsc be provided at crossovers
to further sectionalize the OCS. These overlaps will be located (o allow for Train movement and turnback without loss of
traction power. Pole-mounted disconnect switches {normally closed) will be provided at these overlaps o allow normal
powsr flow in the OCS section.

For the MSF Trolley, fixed termination system will be used. The contact wire will be supported by either single or back-to-
back pole-mounted cantilever arms or head-span arrangements. For the storage lanes, the single contact wire will be
supported by head spans.

Tunnel OCES Arrangemenis

For unnels and underground areas, rigid conductor rail will be used for this Project. This includes the downtown section
underground secticn, St Laurent and the tunnel on the MSF connector. The benefits of rigid conductor rall include the
following:

Ease of instaliation

Minimal maintenance required

Higher conductivity than simple catenary to reduce voltage drop to the  Trains
Reduced tunnel height

No tension, therefore wire breakage is not an issus

2 BE B EBE B

Helght-Constrained OCS Arrangements
Elastic supports will be used at existing overpasses with minimal clearance:

B he Transit structure just west of Tunney's Pasture Slation {4.44 m clearance)
m Highway 417 at Lees Station (4.6 m clearance)
m Highway 417 off-ramp (4.6 m clearance)

For these low-clearance areas, the messenger wire may be lerminated onto the overpass (fixed termination) or guided
under the overpass using insulated pulley whesls.

54.8.3 Minimization of the Visual Impact of the OCS

To minimize the visual impact of the OCS on the mainline, the OCS will be designed o have a pole spacing of 80 m and
typically be located in the centre to minimize the number of poles. The poles will typically be round and tapered and can
be coloured to match the surrounding environment. Further aesthetic design to ensure the OCS poles blend into the
surroundings will be developed.

5484 Power Controls & Sectionalization

Sectionalization will be provided as shown on the preliminary traction power system single line drawings. For the mainline,
sectionalization will be provided around crossovers, For the isolation of faulted sections, the mainline will be provided with
motorized disconnect switches and the MSF will be provided with manually operated disconnect switches. Control of the
mainline switches and monitoring of ali the switches will be provided through SCADA from the Control Centrs.
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54.8.5 Passenger & Public Protection from OCS Failures

Clearance to the live parts of the OCS will adhere to EN 50122-1, Whare clearances cannot be met, protective screen or
guards will be installed. Metallic guards or other metallic items which may become energized due to an OCS failure will be
properly bonded to the grounding system.

Catenary shrouds will be provided on bridges and other locations where pedestrian traffic is dlose fo the
messengerfconiact wire. Signage warning will be provided along the guideway warning the public of the proximity of high
voltage.

54.86 Methods to Reduce EMI Impacts to Sensilive Receptors along the Alignment

EN 50121 will be used as the design basis for the componant and overall System emissions and immunity. All equipment
procured will be expected to carry certification of testing and compliance with the section of the standard relevant fo the
aquipment and its application.

Knowing the design basis, and in accordance with the requirement of PA Schedule 15-2, Part 4, Article 8.1 (h), we will
then develop an “Electromagnetic Compaltibility Identification” document which will lay out all expected sources and levels
of electromagnetic noise coming from the OLRT, gseek fo identify all sensitive recaptors along the alignment, and then
provide information fo those receptors on the EMI emanating from the new OLRT.

It is expected that these receptors, along with other Stakeholders, will use this information to review their equipment and
operation and advise if they believe that there is a rigk from rail operation to their systems or equipment. Upon receipt of
any concerns from the receplors and external Stakeholders, we will review the nature of their concerns and, if necessary,
discuss and agree on the most appropriate way of mitigating such interference to an acceptable level.

Additionally, the document will also identify any known, existing, external systems that lie within the limits of the OLRT’s
operating area that may themselves pose a rigk to the safe opsration of the rallway and need to be mitigated accordingly.

Having identified the potential risks, both from and to the railway, we will develop an "EMC Control Plan™, based around
EN 50121-1, that will lay out a systematic, layered approach to all identified risks, ensuring we meet the required level of
management of the risk of EM! to the OLRT and to the parties adjacent to the line.

This is the approach adopted and used successfully to engage with parties such as the Vancouver Alrport Autherity and
NAY CANADA for the Canada Line in Vancouver,

RTG's OLRT Communications System will meet PA Schedule 15-2, Part 4 requiremenis. The systems and their
component elements will use modern, Project-appropriate technology for safe, efficient operation to be centred in the
MSF and TSCC.

Fixed-facilities communication systems will be designed around a backbone of a new Communications Transmission
Systems (CT8) linking Belfast Road's TSCC and M&F with the new transit Passenger Stations and sub-siations. The CTS
will be the transmission medium for all internal operations-related communication systems {e.g. SCADA, public address
{PA), telephony, CCTV) and extemnal systems {e.q. Fare Collection

Communication systems transmission between Train and wayside will be designed arcund high-speed radio systems
transmitting CCTV and other bandwidth-intensive data both to and from the Train, when the Vehicle is either in a Station
of in storage at the MSF. Lower-speed data and voice communications fo and from the Train will use the future Ottaws
FSR system linked to dispatchers in the TSCC and servers in the MSF.

The individual communication systems provided will be built to comply with the latest editions of the codes, regulations,
and standards listed within PA Schedule 15-2 Part 1 and will meet the reliability, availability, maintainability, and safety
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{RAMS) requirements. See Drawings 5.4.6-8W-102 for Communications Systems context and interaction and 5.4.6-8W-
103 for overall system topology.

5491 Facilities
OLRT Control Centres

There are three Control Centres to be delivered as part of the OLRT Project: the Transportation Services Control Centre
{TSCCY at 875 Belfast Road, the Back-up Control Centre at the MSF and the Yard Control Centre, also at the MSF,
Additionally, the main communications servers for the OLRT System will be located in the Main Communications Room
{MCR) in the MSF,

T8CC

The TSCC is cumrently the Bus Control Centre that will be extended to become the main control centre for the OLRT
System. As part of the Project, we will provision three new workstation locations in the existing Bus Conirol Centre at 875
Belfast Road; each workstation will be fully equipped to interface with the systems detailed asbove. In addition to
workstations, we will install CTS communications equipment, video servers and long-term storage and a new Overview
Video Wall displaying SCADA, CCTV and CBTC information.

We will also interface o existing systems such as the PA/PIDS workstation, the existing 1AC system and the TSCC PABX
as well as to future systems including the new Otfawa PSR system.

The TSCC will interface to the communications servers in the MCR at the MSF over the CTS; it will also communicate out
to the Constellation Data Centre for off-system OLKT data storage.

BCC

The Back-up Control Centre {(BCC) will be located adiacent to the Yard Control Centre in the MSF. It will provide an
alternative control centre location for OLRT Operations should the TSCC become unavailable for any reason. As with the
TSCC, it will interface to the Communications servers in the MCR.

¥YCo

The Yard Control Centre (YCC), localed adjacent to the BCC in the MSF, will provide for operation of the MSF Building
and vard including security and faciliies monitoring and control. The YCC will use the communications servers in the
MCR to monitor and control the Yard in the same way as the TSCC and BCC use the servers to monitor and control the
main fine.

OLET Stations and Fixed Facilities

The OLRT has 13 Stations along the alignment each allowing Passengers fo enter/exit the OLRT System and, in several
casss, providing intermodal ransfer with buges. Additionally, 10 Traction Power Substations (TPS) will be built to provide
glectical motive power to the Tralns along with Station power In instances where facilities are co-located. These facilities
will be monitored by the Communication Systems with data provide to both TSCC and YCU staff.

Al Stations, the communication systems will include CCTV for both operational and security needs, PA system fo inform
the public audibly on travel and other important information, and Passenger Information Display Systems (PIDS) that will
provide visual information. Help Phones will be located throughout the public spaces to provide Passenger assistance
facilities, with other telephony devices distributed throughout the facifities to provide service for both OC Transpo and
RTG staff. Other facilities such as BAS/BMS and GCADA will enable TSCC staff to manage Station facilities with 1AC
systems providing building and facility security protection.

Similarly, other fixed facilities {e.g. TPS) will be managed through SCADA and provided with telephony communications
and 1AC system for protection




Main Communications Room
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Central communication systems equipment will be located in the Main Communications Room {(MCR) in the MSF with
local facilities being located In Station communication rooms and satellite locations such as TPSs. Links wili be
gstablished between the MCR and TSCC operator worksiations o enable interaction betwesn TSCC staff and the
distributed communication systems; in a similar fashion, local links within the MSF B uilding will connect the BCC and YCC
workstations to the MCR.

54972

OLRT Key Subsystems

This section describes the following key OLRT subsystems:

& B 8 B B B B B8 B B B B

CTS ~ Communications Transmission System
PA ~ Public Address

PIS (PA and PIDS)

COTY ~ Closed Captionad Telsvision

IAC ~ Intrusion Access Control

Telephone and Intercom

SCADA ~ Supervisory Control And Data Acquisition
CBTC ~ Communication-Based Train Control
BAS

BMS

Radio - Radio communications
Train-to-Wayside Wireless system

The overall systems topology diagram, communications subsystems conceptual diagram, and all other subsystem spedific
diagrams referenced in ths following text are listed in Table 5.4-31 with theilr drawing numbers.

Table 5.4-31 | Sys

tem and Subsystem Drawings

i s s s

o i
Communication System Context Diagram 5?4.6—8\/‘\'—1()2
 Overall Systems Topology/ Connection Diagram | WAsswas
Communications Fibre Cable Distribution Conceptual Diagram 5.4.6-SW-104
Comms Passenger Information System Conceptual Disgram 5.4.6-SW-108
Communications Telephony System Conceptual Diagram 5.4.6-8W-107
 CommsCCTVSystemConceptualDiagram | s4eswioe
Comms SCADA System Conceptual Diagram 5.4.6-SW-109

Comms Train-To-Wayside Wireless System Conceptual Disgram

5.4 6-8W-110

Comms Station BMS Connection Diagram

5.4 6-8W-113

Communications General ConnactionDiagram

5.4.6-8W-114

Comms Station LAN Connection Diagram 5.4.6-SW-115

Comms TSCC & Data Centre LAN Conneclion Diagram 5.4.68W-118

Comms MSF LAN Connection Diagram 5.4.6-SW-117

Communications - Train Control Context Diagram 54.6-8W-118
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Communications Transmission Systems

The Communications Transmission System (CTS) will comply with PA Schedule 15-2, Part 4, Article 6 requirements; it will
comprise both WAN and LAN components in each operational buiiding and it will be squipped with a Network
Management System {(NMS).

CTS ~ System Description

The CTS will comply with the PA Schedule 15-2, Part 4, Article 6 operational and performance requirements; it will
comprise both WAN and LAN components in each operational building and will be equipped with a Network Mapagement
System (NMS).

in general, the system will provide operational interfaces, connectivity and transportation for the following:

Supervisory Control and Data Acquisition system {(SCADA)

Telephony and PABX

Closed Cirouit Television System (CCTV)

Public Address system (PA)

FPassenger Information Display System (PIDS)

High-Speed Wayside Radio Communications subsystem

Automatic Fare Collection system (AFC)

Signalling system

OC Transpo and M&R corporate LANg {Station LANs back to TSCC or MGF)

B B E E B E B B B

Provision will be made on the direct fibre network to support fire- and life-safety system connectivity. RTG recognizes that we
cannet carry cerfain fire- and life-safety services over core hardware due fo regulatory restrictions.

The overall fibre-based network will provide high-speed, resilient fransmission and connectivity of the systems listed
above between all Stations and substations on the new line, and to the new MSF and TSCC. Local fibre and copper
cabling will be used to connect individual devices and local networked equipment to the dual-pathed and redundant high-
speed network nodes.

The CTS deployed will be of the latest proven technology, will comply with all applicable standards and will be compatible
with the existing OC Transpo CTS system as required in PA Schedule 15-2, Part 4, Article 6. The final selection of
eguipment, functionality and topology will be carried out during the design phass o gain maximum bepefit from the latest
available and transit proven technologies.

Nodes

Al CTS node equipment, including local device interfaces, will comply with |EEE sitandards and international
Telecommunication Union 1TU-T recommendations for Ethernet based networks. All nodes will have common features
across the deployed system;

High reliability and avallability as shown through  RAMS analysis

Flexible eguipment configuration and control

Integrated interface for maintenance operations through the Central NMS
integrated alarm monitoring on all local nodes and through the Central NMS
Non-traffic affecting test points on all nodes.

2 B BE B B

TS nodes will provide network connections for all interfaces required for this Project; we do not anticipate any need for
separate converters, All nodes are o be supplied with a minimum 50 percent spare capacity that can be used by any
selected function or facility as required.
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The CTS network will provide 100 percent protection to all traffic in the event of a network fibre break and will be capable
of execuling a network re-route in less than 50 ms from detection of network fallure on the primary path; the final
protection strategy will be agreed during the design stage. Drawing 5.4.6-8W-114 shows the general network connaction
design for RTG's proposed CTS with drawings showing Station LAN, TSCC LAN and MSF LAN listed in Table 5.4-31.

Integration with OC Transpo systems and details on security of the overall network are discussed in Sections 5.4.9.3,
5.4.9.4 and 5.8.4.5 of this Response.

TS Fibre Architecture

Two single-mode, 48-strand fibre-optic cables will be run from the TSCC passing through the new MSF and out to the
Stations and other operational buildings. The cables will be inslalled In a Station-hopping configuration as described
below to provide communications path redundancy and diversity. The fibre cable used for the CTS will be standalone from
the CBTC fibre backbone and Access Point fibre distribution cables.

All fibre optic cables will be installed in accordance with the manufacturer’s recommendations in terms of minimum active
bend radius, cable support requirements, tensile loads and temperature. All fibres, including connections, will be tested in
accordance with Telecommunications Industry Association standard TIAEIA 526-7 OFSTP-7, Method A2 and Method B.

The fibre cables will be protected for their service, will be sheathed to be water- and UV-resistant and will meet Low
Smoke Zero Halogen {LSZH) requirements as required by the application into which they are being installed. The fibre
backbone proposal is shown in Drawing 5.4.6-SW-104, for full reference this drawing also shows the CBTC backbone
that is run in an independent fibre cable.

Central Network Management System

The Network Management System (NMS) will manage the network equipment and devices for faults, administration,
configuration, performance, and security, Located In the MSF MCR, it will provide system information in a hierarchical,
graphical format with the top level of the hierarchy showing the fibre loops and Station network nodes, lower level screens
will show individual nedes and individual cards/ports at the lowest level.

Fublic Address System

The system will be designed to provide clear, audible announcements throughout the Stations and MSF from both local
icrophonas and the Control Centres {TSCC/YCC/BCC) with both ad-hoc and pre-recorded message broadeasts belng
supported, See Drawing 5.4.6-3W-106 for details of the PIDS conceptual design including the Public Address System,

The OLRT Public Address (PA) system has two main subsystemns; the Station/MSE PA systems and the Vehicle PA
systems. The Train-based system will comply with the Operational and Performance requirements in Schedule 15-2, Part
4, Article 3 and is discussed elsewhere within this Kesponse.

PA System - System Description

Station-based PA systems will comply with Schedule 15-2, Part 4, Article 6 operational and performance requirements
with the MSF PA system complying with Part 6, Adicle 7 requirements. These systems will comprise speakers,
microphonas, amplifiers and signal processors in each operational bullding, with microphone facilities available at the
TSCC and MSF as necessary.

It will be possible to make ad-hoc announcements from the local Station and the TSCC, to trigger pre-recorded general
and emergency announcements, and to trigger automatic Train movement and travel announcemenis. Automatic Train
arrival annhouncements will be generated through data connectivity with the Train control system and will be delivered to
the arriving platform and to concourse areas where applicable. All pre-recorded messages will be available in English and
in French.
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All messages not manually generated at the Station will be delivered or triggered over the CTS network for the Control
Centres. Transporiation Control messages will be delivered using VolP or similar technology over the CTS network to the
Station signal processor, and recorded messages will be stored digitally at the Stations and triggered from the Control
Centres. All local, manual, Station announcements will be generated as analogus audio from local microphones.

Delivery of synchronous audio and visual messages to Passengers will be accompilished through links betwsen the PA
and PIDS subsystems so that standard travel messages and normal operational recorded messages are delivered to the
Station subsystems together. Ad-hoc messages built at the TSCC will also have this functionality, allowing important
travel and emergency information to be coordinated.

To achieve this level of functionality, the PA system will be integrated with the following systems.

SCADA System

CTS network

Central Master Clogk

Train Controf system

PIDS subsystem

Fire Detection & Alarm System

2 B BE E B B

RTG has successiully integrated Public Address systems with these capabilities on projects such as Yancouver's Canada
Line.

PA System -~ Basic System Design Philosophy
PA system design will use the following basic principles:

m  Application of the latest applicable Codss of Practics and Intermational Standards, including NFPA-130) EN 54-16,
{EC 60849 (buildings) and IEC 60268-1

Service-proven design in a similar application environment

Ease of maintenance and low lifecycle cost with interchangeable line-replacement modules
High reliability and availability with redundant modules as necessary

Adherence to operational performance requirement while being environmentally friendly

E B B B

Train PA System Operation

The Train PA System will provide audio coverage for Passenger areas of the Vehicle with confrol of PA announcements
available from the Driver's cab, from the TSCC and microphones, and through the use of recorded gensral travel and
emergency announcements. The operation of the Train-based public address systems is detailed elsewhers in this
Responss,

PA System ~ Coverage and Environmental Intrusion

The building PA System will provide audio coverage of all public areas and all non-public areas, including the MSF, with
control of audio volume through zone-selectable announcement areas and Ambient Noise Sensing (ANS) microphones ag
appropriate. To ensure the delivery of dlear, audible and understandable PA messages, speaker design will be
coordinated with building design to ensure a high final design STiPA value.

RTG recognizes that some Stations will be located in residential areas and that loud PA announcements can be a source of
annoyance and environmental intrusion to local residential populations. During the design stage, Station PA modeling will be
undertaken fo ald in the selection of speaker location and type to meet the performance specification while minimizing
environmental intrusion. Additionally, time-based volume reduction strategies will be used to minimize night-lime intrusion
into local communities.
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PA System ~ Prioritization of Messages

impertant Passenger anncuncements will be prioritized to take precedence over normal operational announcements. it
will be possible to set different priorities for announcements from different sources. For example, ad-hoc voice
announcements could be configured to take priority over recorded messages at all times. Life-safety and emergency
announcements will take precedence over all other announcements with Station PA systems being interfaced o the
Station FDAS for such purposes. The final determination of priorities will be made with the City during the design stage.

PA System - Availability

The individual Station and MSF systems will be supervised at all times for equipment and speaker line failure with alarms
heing reported both through the local system and through the SCADA system to TSCC operational staff,

The PA system will be designed to have an availability of greater than 89.3 percent for any one Station PA system with an
overall OLRT PA system avaliability of 99.9 percent as required by Schedule 15-2, Part 4, Article 6.3 (c) {v). System
design will ensure that failure of any local Station PA, or local Station PA facility, does not cause a failure of the overall PA
gystem,

PA System - Speaker Types

The speskers shown in Table 5.4-32 are expected to be deployed to buildings along the alignment, with the possibility of
an additional type being deployed in storage sheds at the MSF,

Table 5.4-32 | Speaker Types

Projection Speakers w  For Station platforms, projection speakers will be usad, allowing sound to be deliveredio a
targeted area.
In-ceiling Speakers ®  Forlocations within Stations whera false, or drop ceilings are used, in-ceiling speakers will

be used o provide a flush finish.

Surface Speakers ® Inancillary rooms and corridors, metal box wall and ceiling speakers will be used.
Horn B Within the Maintenance Hall af the MSF, horn speakers will used o provide coverags.
Yard ® For the main rail storage areas

Passenger information Display Systems

OLRT Passenger information Display Systems (PIDS) have two main subsystems: Vahicle PIDS and Station PIDS,
Vehicle PIDS will comply with PA Schedule 15-2, Part 4, Article 3 operational and performance requirements and are
discussed elsswhere within this Response, Station PIDS will comply with PA Scheduls 15-2, Part 4, Addicle & operstional
and performance requirements and will comprise variable textgraphic signage displaving pre-recorded and Control
Cenlre generated ad-hoc messages as necessary. There will be no PIDS installed at the MSF other than units used for
training, which will comply with the requirements of the Stations. Sse Drawing 5.4.5-8W-108 for dstails of the PIDS
conceptual design including Passenger information Signage.

PIDS ~ System Description

Station PIDS will comprise ADA/CADA compliant dynamic electronic signage and Station controllers in Station arranged
to provide Passenger travel information on both Station platforms and concourses,
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Delivery of synchronous audio and visual messages to Passengers will be accomplished through links between the PA
and PIDS subsystems so that standard travel messages and normal operational recorded messages are delivered to the
Station subsystems together. Ad-hoc messages built at the TSCC will also have this functionality, allowing important
travel and emergency information to be coordinated.

To achieve this level of functionality, the PIDS will be integrated with the following:

The existing PIDS

CTS network

Public Address subsystem
Central Master Clock

Train Control system

E B B EBE B

PIDS — Basic System Design Philosophy
PIDS design will use the following basic principles:

Application of the latest applicable Codes of Practice and International Standards
Service-proven design in a similar application environment

Ease of maintenance and low lifecycle cost

Use of interchangeable and module line replacement units

High reliability and availability

Low energy consumption

Adherence to operational performance requirements

E BE B B E B EB

Station PIDS Operation

Station PIDS will provide travel, operational and emergency information messages to the public using alphanumeric
characters and graphics. Signage will be designed and located {o provide maximum vigibility to Passengers. Use of ADA-
comphant colours and legible text fonts will enhance the usability and visibility of the signage.

The signs will provide date and time information, destination of the next two o three Trains along with their expected time
of arrival. This information may be augmented with ad-hoc and recorded OLRT operational information, bus travel
information and weather information, and may also be used for emergency or other informational messages such as ‘No
Smoking or future maintenance activities. To comply with ADA, we will use monochrome, amber-on-black LED signage to
provide maximum visibility with fonis chosen fo provide maximum readability.

All TSCC messages will be developed on the PA/PIDS Customer Service Console and delivered over the CTS nstwork
using 1P communications to the Station controller from where they will be sent to the PIDS. Recorded messages and
graphical displays will be stored digitally at the Stations and triggered from the TSCC. Local Station triggering of recorded
messages will be possible in case of network failure allowing service interruption messages; for example, to be displayed
without connectivity to the TSCC. Train arrval and departure information will be triggered using data received from the
CBTC system at the MSF and passed to local Station controllers in the same way as TSCC-generated messages.

Displays will be designed, arranged and mounted to ensure maximum visibility for Passengers, with two mounted on each
platform and others located throughout Station public areas, especially around fare collection areas. Messages will be
formatted and delivered for specific locations, functions and occasions. The system will be designed to enable each PIDS
display to be individually addressed from the TSCC.

PIDS ~ System Availability

individual Station units and overall system will be supervised at all times for equipment and major subsystem failure with
alarms being reported through the SCADA system to the TSCC operational staff.
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The system will be designed to have an availability of greater than 99.3 percent for any one Slation system with an overall
OLRT PIDS availability of 99.9 percent. The design will ensure that fallure of any local Station PIDS display does not
cause a failure of the overall Station display system.

PIDS Signs

All PIDS signs will be housed to prevent damage from moisture, dust, ultraviolet light and vandalism. Where signs are
mounted outside, for example on platforms, they will be configured 1o ensure readability in direct sunlight by changing
their light output in line with changing ambient light levels.

CCTY

The OLRT Closed Circuit Television {CCTV) system has two main subsystems: the Station/guideway/MSF {fixed facilities)
CCTV systems and the Vehicle CCTV system. The Vehicle CCTVY system is detailed elsewhers in this Response,

Fixed-faciliies CCTV systems will comply with PA Schedule 15-2 Part 4, Article § and Pait 6, Article 7 operational and
performance requirements including interfacing with the 1AC and emergency telephone systems {o provide staff with the
best view of an event. Drawing 5.4.6-SW-108 provides details of RTG's conceptual CCTV gystem design.

CCTV - System Description

The CCTV system will be bulll up from several subsyslems cameras, power supplies, network devices, video
recorders/storage and displays, all of which will be integrated into one coherent system providing securily and operational
monitoring for the OLRT.

Fixed and PTZ cameras will be deployed at Station entrances, along Siation platforms, in Passenger circulation areas,
covering DWAs, at tunnel entrances, for monitoring fare collection equipment, and at other areas that need to be covered
following CTPED reviews. These cameras will be connected back to their respective Station equipment using a mix of
fibre and copper technologies as determined by their location, distance and application. Data compression at the camers,
{e.g. H2ZB4/MPEGY), will be used to provide high quality video at a manageable bandwidth,

A digital link, via the wayside high-speed radio system, will enable Station streams to be sent to the Vehicle for display on
the Vehicle cab’s video panel when itis stationary,

Fixed Facilities CCTV System Design Philosophy
CCTV system design will use the following basic principles:

m  Application of the latest applicable Codes of Practice, International Standards and Laws, including Transport
Canada guidelines, APTAIT -CCTV-RP-001-11, ULC-8317-96 and all applicable Privacy Legisiation

Service-proven design in a similar application environment
Ease of ugse and maintenance together with low lecycle cost
Use of interchangeable and module line replacement units
High reliability and availability

Adherence to operational performance requirement

g B 8 B B

Cameras will be designed to operate in the environment at all times, day and night, and at all times of year without the
need for additional or augmenting floodlights within the operational parameters of an LRT system. Cameras will use %" or
173 CCDs with fallback from colour to black and white images in imes of low light. In some more specialist cases, specific
thermal image CCTV devices may be deploved for perimster or intrusion detection,

Within the MSF, cameras will be deployed for operational and securily puiposes such as perimeter and intrusion
monitoring, monitoring of Train movements and covering of any track crossings. Data from these cameras will be routed
over a fibre network to the local MCR in the MSF.
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At the local Communications Room, cameras will be networked into facility-based storage providing a minimum of 31 days
of high-quality {30 FPS at 4CIF) video archiving. Long-term storags, at reduced frame ral, will be provided on networked
video storage devices located in the Belfast Road TSCC, with backup system servers installed in a Data Centre. Data will
flow between these two locations using the existing data connection between the Data Centre and 875 Belfast Road.

Sentry or guard fours will be configurable for areas where infrusions are a concemn and the use of analytical detection
technigues will enhance the ability of the system to detect anomalies. The system will support analytical tachnologies to
both detect intrusion into unpermitied/unauthorized areas and to support more advanced securily features, the uss of
which will be limited fo approved personnel and Transit Law staff. Selected Station images, such as platform edge
cameras, will be sent to a new Overview Video Wall installed in the TSCC and BCC; in the MSF, selectad cameras will be
sent to a new video wall in the YCC.

All images will be made available through the head-end CCTV display system with access to spedific views restricted by
specific access conirols with securlly related streams being available to Transit Law and other authorized personnel and
operational streams being delivered to the TSCCYCO. Authorized personnel will be allowed to configure the inclusion or
sxclusion of automatic display of video coverage of any device, type of device, specific event, or general event type as
needed. It will be possible for streamad images to be copled or recovered from the system by authorized personnet for
use outside the transit system. Such copying will be logged within the system.

The system will be designed for fulure expansion of the installed camera base and deployed with spare storage capacity
protecting for the addition of up to 40 percent more camera feeds,

CCTY - Cameras

All cameras deploysd under the Project will be commercially available, "off-the-shelf” units; thers will not be any specific
manufacture or customization of any units. All units will be of good quality from a reputable, established manufacturer with
a proven record of equipment deployment into applications similar to the OLRT.

The cameras in the Stations will be chosen both for their ability to meet functional specifications and also for their
appearance. They will be able o operate in all expected light levels down o a level of <1 lux with auto-switching from
colour to black and white image capture should it be deemed to be necessary during the design siage.

All cameras, both indoor and outdoor, will be housed in enclosures that are sympathetic to their surroundings and
environment with mounting options for pole, celling, wall and post. Enclosures will be o NEMA 4X (IP86), have
tamper/impact resistant covers and be made of material that is suitable for the environment info which it is to bs deploysd.

CCTY - Operating Environment

Fixed-faciliies cameras will be designed to meet environmental conditions for service and operation in the differing
conditions to be found in the Stations, Yards and along the guideway. All will meel the operaling temperature
requirements; those exposed o harsher conditions will be provided with blower and/or healers as well as wipers i
deemed necessary during design development.

CCTY - Applications & Integration Software

CCTV application software will provide several basic and advanced functions to enable the system to operale as required
and to provide the Controller or Station staff with the facilities to camry out their monitoring and security functions. For
instance, the SCADA system will interface to the CCTV system fo pass Emergency Telephone or 1AC activation
information so that cameras can be homed to a pre-determined position that will show the device generating the input. To
achieve these interactions, the CCTV application software will use several interfaces to other systems:

m SCADA
w CTS
B Video Wall




COWO0523276

With the alarm/event handling functionality enabled, it will be possible to trigger audio files over the network and, possibly,
interact with other systems such as the Passenger Information System for Public Address announcements. Al alarms
captured into the CCTV system, such as 1AC netification or E-Tel activation, will be watermarked and archived along with
the images captured during the event,

CCTV - Surveillance Systems - Central Management System

As part of system deployment, RTG will configure the system to provide “Smart Detection” on general motion in an image
area, if an item is no longer present {missing) within an image area, and if a definable foreign object appears within the
image area. Such smatt detection will cause an internal alarm to be stored o a central alarm database on the Central
CCTV Server which will also store details of any externally generated alarms passed fo the CCTV system, such as those
from the SCADA system causing a PTZ camera o ‘home’ to a pre-set position,

COTV = Overview Video Wall

Part of the new Video Wall system for the TSCC will be dedicated to providing fixed camera views from platform edge
cameras whils other elements will be allowed to display operator selectable images from slsewhere with the system; for
axample, Station entrance doors.

The Video Wall will be configured so that each camera image takes up 1 of 9 or 1 of 16 squares of any single wall panel,
the final layout and size being agreed during the design phase in consultation with the City. The Video Wall will also be
configured to enable at least one pansel to be set aside to provide a full {pansl} size video image from individual cameras
selected by the Communications Operator or, possibly, triggered by an event captured by SCADA or the CBTC.

Video walls deployed to the BCC/YCC will be more dynamically configurable, allowing selection of images depending on
operation neads.

Intruston and Access Control (1AC)

The IAC system will control the access to all non-public areas of the OLRT System as well as detecting any unauthorized
entries into these areas or into kay elements of the alignment such as tunnel portals and the MSF Yard. See drawing
5.4.6-8W-118 for details of the initial IAC design from RTG.

1AC - System Description

Entrance o non-public areas will be controlled through Access Cards, which will be read by a door controller that will
release the lock if the card is authorized for the door at which i is presented. if the card is not authorized the door will
remain locked and an alarm will be raised on the workstation in the Control Centre.

As a minimum, the following areas will be secured by the 1AC system:

Public to non-public doorways

TPSS

Communication rooms

Elevator machine rooms

Escalator machine rooms

Electrical equipment rooms BCC

MCR

External doors, entrances and sxits of the MSF
MSF Yard perimeter and access gates

g B B B E B8 B 8 B

Should an unauthorized entry be made into a room or area {e.¢. the door is forced), the 1AC will send an alarm to TSCO
operators over the SCADA system as well as o the 1AC system within Transit Law.
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A subsystem will be deploved at the tunnel portal and Station tunnel entrances to monitor for intrusions by humans or
other large objects into the tunnel segments. This subsystem will be monitored by the CBTC 1o pass a message to the
Driver of the intrusion detection, and at portal locations to cause the Train o stop. At the MSF, data will be passed
between the CBTC and SCADA system to cause the alarm occurrence to be flagged to TSCOC operators for response by
Station or Transit Law staff as appropriate and to cause CCTV image display.

Al the MSF, the system will interface to Yard perimeter monitoring systems o caplure unauthorized intrusions. The
perimeter monitoring system will protect both fenced areas and access gates, and will be linked with the CCTV system fo
cause camera homing and image display to the MSF operator,

IAC ~ Service Life

IAC equipment and cabling deployed as part of the OLRT System will be designed to have a minimum service of 20 vears
and will be compatible with the City's chosen IAC system.

Telephony System

OLRT Telephony system has two main subsystems: the telephones/intercoms connected to the existing TSCC PABX and
the telephones/intercoms connected to the new MSF PABX. The various telephony devices deploved throughout the
OLRT will provide service to the fravelling public, OC Transpo operations staff and M&R Team personnel.

Telephony - System Description

Telephone systems will comply with PA Schedule 15-2, Part 4, Article § and Part 6, Article 7 operational and performance
requirements and will comprise emergency telephones, elevator telephones/intercoms, staff telephones and maintenance
telephones in various quantities and arrangements in each operational building reporting to either the TSCC or MSF a8
per thelr function. Drawing 5.4.6-8W-107 provides details of RTG's conceptual design of the OLRT Telephony Systems.

In addition to providing line-based voice-communication  services, emergency ielephones and  elevator
telephones/intercoms will be interfaced fo the CCTV system for Pagsenger security purposes and non-public telephones
will be interfaced into the Cttawa Public Service Radic (PSR) telephone system for operational purposes.

Telephony ~ Design Philosophy
The telephone systems design will use the following basic principles:

B Al telephones will use VolP communications and provide clear and intelligible communication suitable for the
environment in which the telephones are installed

m Al telephone traffic will be carried over the CTS infrastructure Station Emergency telephones, elevator
telephonesfintercoms and stafl telephones will be routed through the existing TSCC PARX

m  Emergency telephone and elevator telephonesifintercoms will be automatically routed to the OLRT Control Desks
in Belfast Road

m Station, substation and MSF -mounted maintenance telephones will be routed through a new PABX in the MSF
Telephony ~ MSF PABX

The new MSF PABX will be sized to provide the service and functionality required to maintain the OLRT and operate the
MSF facility, including the Yard, The PABX will be tied into the TSCC PABX to support routing of calls directly between
TSCC and MSF staff and to enable OC Transpo staff operating out of the MSF to contact OC Transpo staff throughout the
organization. It will interface to maintenance and adminisirative telephones and intercoms located throughout the
alignment, the Yard and the MSF Building.

Telephony - TSCC PABX

The TSCC PABX will be expanded under the Project to support the additional devices mounted throughout the OLRT and
to provide fie-connections with the MSF PABX.
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Telephony — Instrument Types
Al telephone handsets will use VolP technology.

All staff and administrative phones will be conventional, office-stvle devices with dial pads and handsets, and will be
capable of being wall mounted or located on a desk. Maintenance phones will be more rugged, but will still be supplied
with dial pads and handset,

Emergency telephones (E-Tels) will be provided with 3 handset that automatically connects the device to the TSCC when
lifted; they will not be fitted with a dial pad as it is not reguired. At this time the E-Tels are not required to be supsrvised
for availability, we would welcome the opportunity to discuss this with the City during the design phase.

Elevator telephones/intercoms will be hands-free devices reguiring the user to simply push a ‘cali-button’ to raise a call o
the TSCC. Where necessary, this button will also activate an alarm to the SCADA system fo indicate its activation. Al
intercom speakers will be amplified to comply with ADA/CADA volume requirements.

Telephony - Communication Interfaces

All focal telephone extensions will be wired to Station MDFs in the local Communication Rooms from where they will be
connected to Station CTS node telephone multiplexing equipment. From the local node, data will be fransported back to
the TSCC/MSF over the CTS and fibre network where it will be presented to the appropriate PABXs.

Telephony ~ Service Life

PABX equipment and cabling deploved will be designed to have a minimum service of 20 years in the application and the
anvironment of the OLRT, While it is possible for some telephony handsets to last 20 years, i is not practical to expect
such devices to last more than 7 - 10 years.

SCADA for Siations, Traction Powar, Tunns! Ventilation, BAS and BMS
SCADA -~ System Description

The SCADA system will comprise a redundant server Master workstation with operator workstations at the TSCC and
MSF (BCC and YCC) providing graphical and text-based monitoring and supervisory control of Station E&M Systems and
Traction Power gsystems for the complete OLRT. The system will also provide remote monitoring and alarm handling for
the distributed communication systems across the line.

Remote Terminal Units {(RTUs) will be provided at all Stations, traction power substations and the MSF fo act as the field
interface between the SCADA Master station and the end field devices. Depending on the application, the RTUs may be
passive inputfoutput (V0) devices or may be more complex and able o carry out some level of intelligent control,

General interfaces betweean fleld devices and RTUs will be via digital {(discrete) VO whereas interfaces that are more
complex and measursments will be carried out using analogue /0. Howsver, to capture BAS and BMS data more
completely, we will be providing BACNet interfaces for all RTUs and copnecting building systems fo them using this
interface.

All interfaces betwesn the RTUs and the central SCADA Master station will be 1P-based and wili ocour over the OLRT's
CTS natwork, with individual RTUs connscted to the CTS over a mix of copper and fibre as appropriate for the distance
travelled and service that are monitoring.

Al the TSCC, the colour-mimic, alarm, event and historian screens will be used to provide interfaces for the staff to both
monitor and control the systems that they are looking after. Graphical displays will provide Schematic, TP one-lins,
pictorial, and alphanumeric displays of the plant being monitored.

The CBTC system will not be displayed through the SCADA system but will instead use its own discrete user interface
directly coupled to the main CBTC servers. The Tunpel Ventilation System, although PLC-based and not reporting
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through a SCADA RTU, will connect to the head-end SCADA over the CTS and the TSCC HMI will provide operator
interaction for this facility.

Drawing 5.4.8-SW-108 provides a high-level introduction to the SCADA system network and system connectivity design.
SCADA — Systems Design Philosophy
SCADA system design will use the following basic principles:

m Application of the latest applicable Codes of Practics and Infernational Standards, including 1EC 80870 or DNP 3
protocols, EEMUA 191, IEE 730 and 823

Service-proven design in a similar application environments
Ease of use and maintenance together with low lifecycle cost
Use of interchangeable and module line replacement units
High reliability and availability

Redundant servers

Adharence to operational performance requirement

2 B BE B B B

The Master station will communicate with 13 new Station RTUs, 8 new Traction Power RTUS and 3 PLCs over the new
CT8 equipment.

The system provided will be bullt to comply with the latest editions of the applicable codes, requlations and standards
listed within and will be designed to meet RAMS requirements.

SCADA ~ Master Station Overview

The architecture will be a dual redundant Master Station at the centre of a distributed architecture with all system
interconnections being made over Ethemnet Local Area Networks (LANs) utilising TCP/IP for communications.

SCADA - Hardware Architecture

Two new SCADA Servers will be provided and instalied in the MSF MCR together with seven new workstations: three at
the TSCC, two at the Depot YCO and two for the BCC. All workstations will be connected to the SCADA LAN together
with any printers and network swilching/routing devices.

The SCADA Master Station LAN will be designed in a redundant configuration with two intelligent switches forming the
core of the local area network in both the MSF and the TSCC.

The SCADA LAN will connect to the main OLRT CTS for data communications o the Remote Terminal Units (RTUs) to
support data recovery from, and supervisory control to the Passenger Stations, Traction Power Sub-stations and TVS
plant. The CTS NMS will connect to the SCADA LAN to enable data to be recovered from the NMS and presented to the
T5CC staff for review,

The gystem will interface 1o the upgraded Overview Video Wall installed in the TSCC and to the new units 1o be installed
in the BCC/YCC. .

SCADA ~RTU

The new RTUs will be mountsd In a 19" cabinel, will be microprocessor-based, will be 120V AC (Station} or 125V de
{Traction power} powered and equippsd with do power supplies suitable for delivering all required voltages for operating
the RTU and delivering the /0. Drawing 5.4.6-SW-113 provides an overview of the systems and equipment that are
expacted to connect o the local RTU network.

Each RTU will have a front panel display to aid in maintenance and fault diagnostics and will support a diagnostic
terminal. Each RTU will also support duplex communications and be provided with dual communication poris fo provide
redundant path connectivity to the CTS and from there to the TSCC.
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The RTUs will be sized to meet the expected reguirements of the OLRT and will be provided with a minimum of
25 percent spare capacily above the configured and wired 1/Q compliment.

SCADA ~ Discrete Plant Interfaces

All monitor and confrol wiring from Station eguipment and TPS equipment will be terminated al the respective marshalling
panels before interface with the Remote Terminal Units.

For Station equipment, all Digital Inputs (Dls) will be interfaced o the RTU using dry contacts wetted at 24 V do while all
Digital Outputs (DOs) will be interfaced using relays oulputs, rated for the appropriate service.

For traction power squipment, all Dis will be interfaced to the RTU using dry contacts wetted at 125 V de, with DOs will be
interfaced using change-over relays rated for the application.

The analogue inputs for both services will use 4-20 mA or 1-5 V de inputs with any analogue outputs using 4-20 mA.

The communication between the SCADA servers in the MSF MCR and the field devices will be via industry standard open
protocols.

SCADA - intelligent Plant Interfaces

For facilities management systems, such as Building Automation Systems (BAS), Building Management Systems {(BMS)
and escalators/elevators we will implement intelligent interfaces to the RTU and through the SCADA system o the TSCC
and maintenance systems in the MSF. These are described more fully in the Facilities Management Sysfems section
helow.

SCADA - Life-Safely Interfaces

The Tunnel Ventilation System {TVS) performs a fire- and life-safely (FLS) function and will be interfaced directly with the
tunnel and Station Fire Command Post (FCP) at the below-grade Stations including that at St Laurent.

The TVS has a direct impact on Passenger safety and well-being. Controls for this system are complex and are best
handled by a dedicated PLC-based conirol system linked to the SCADA system. TVS alarms will be immediately raised
on the SCADA system and seen by an operator who can alter settings and direct Passengers accordingly. The TVS will
not be operated automatically based on smoke detection or sprinkler system activation as neither smoke detectors nor
sprinklers are provided in the public areas of the Stations. See elsewhere in this Response for further details on the
gontrol of the Tunnel Ventilation System.

Facilities Management Systams

The control and monitoring of HVAC systems and sumps for Stations will be available through the BAS at that Station’s
SCADA RTU, and will be monitored from both the TSCC and the MSF on the main SCADA system.

Room thermostats will be used to control the amount of healing and cooling supplied to maintain the specified
temperature range of each rcom. A sensor will be located in the outdoor intake shaft to delermine when economizer
cooling will be used instead of mechanical cooling. Dirsct digital conbrols and a series of motorized dampers will be used
to control this system. Where unit haaters are provided, elecirical interlocks will be provided to ensure heating and cooling
by ventilation does not ocour simultanecusly.

A separate compuler room and remote-controlled air-conditioning system will be provided.
FM System — System Overview

To fully monitor sach Station, maintain an acceplable Passenger environment, and provide controlled environments for
deployed technical equipment, two systems will be usad alongside sach other that together make up a complete Facilities
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Management System: a Building Automation System (BAS) and a Building Management System (BMS). Each systemis a
composite coliection of facility data brought together to provide component- and system-level control.

The BAS will be deployed to each Station to monitor and control Station mechanical and electrical facilities that have
some level of automation associated with them:

w  Environment management, including HVAC plant
B Station sump pumps {where needed)
B Station lighling

Each system will be built around an open protocol (BACNet) LAN to interconnect all devices in the Station and fo interface
to the SCADA connection for onward connectivity to the TSCC and MSF. Al each Station, a workstation will be provided
to enable local monitoring of the system and the associated plant.

The BMS will be deployed to monitor all non-automated Station facilities for normal/abnormal operation and to aliow
general overview of Station mechanical and electrical items and devices:

Doors

Fire Detection and Alarm System (FDAS)

Station sump levels (where appropriate)

Cperational room temperatures

Vandal/tamper alarms, some of which will come from the |AC

g BE B B B

It is expected that the BMS will monitor some elements that are controlled by the BAS, thus providing a level of
redundancy over critical plant monitoring. These two Facility Management Systems (FMS) will report to the Station
SCADA RTU from where their information will be sent to the TSCC {operational monitoring) and the MSF {alarm/failure
management) for display to Control Room Staff.

FM System ~ BMS
Door Monitoring

Door monitoring is carried out in conjunction with the IAC system. Monitoring door status {openiclosed) through the BMS
provides an independent and redundant status check. This is especially important for Station public area security
{vandalism} and technical room security (break-ins) where unauthorized entry must be detected.

Fire Detection and Alarm System (FDAS)

The FDAS will be self-contained units and are described elsewhers in this Response. However, it is important that key
alarms are picked up and transmitted to the Control Centres (TSCC and MSF) for remote monitoring and response.
Alarms received will include the Station Fire Alarm being active, and unnel dry-stand pipe valves being operated.

Station Sump Levels

As a redundant measure against loss of the BMS or pump controllers, we will monitor each sump with 2 separate high-
level alarm that will tigger an alarm to the TSCC and MSF control centres before water levels affect operations.

Operafional Room Temperatures

Technical room temperatures must be controlled within tight tolerances; if room temperatures are too far out of
specification, damage may occur o the equipment that could lead to downtime and loss of service. For example,
Communications and Signals Rooms with sensitive electrical eguipment will be monitored and alarmed back to the M&F if
their temperatures go oo low or too high.
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FM System —~ HYAC

Room thermostats will be used to control the amount of healing and cooling supplied fo maintain the specified
temperature range of each room. A sensor will be located in the outdoor intake shaft fo determine when economizer
cooling will be used instead of mechanical cooling. Direct digital controls and a series of molorized dampers will be used
to control this system. Where unit heaters are provided, electrical interlocks will be provided to ensure heating and coocling
by ventilation does not cccur simultanecusly. A separate remotely controlied air conditioning system will be used for the
computer reom.

Vandal/Tamper alarms

Fare equipment, such as Ticket Vending machines, is a target for vandalism {(breakage/disabling and robbery). Such
machines will be monitored {e.g. for tipping over), with alarms routed to TSCC for response by Transit Law.

Fi System —~ BAS
Station Sumps

Where Station sumps are required, they will be configured with a two-pump arrangement {duty/standby or duty/duty
assist) using centrifugal pumps with level monitoring achieved via level probes or ultrasonic heads depending on
operaticnal conditions. Operation controls will be based upon level monitoring and will ensure complete discharge of the
sump into City facilities. [t is expectsd that this control will use a packaged discrete conirolier interfacing into the overall
BAS network.

Station Lighting

For Station lighting, the BAS will provide a facility level control of interior and exterior lights in functional {e.g. platform,
concourse, ancillary) or operational {e.g. all Passenger areas, all non-Passenger areas) configurations. Such lighting
control will allow ilumination to be determined remotely (TSCC staff via SCADA), locally {(OC Transpo staff on sile) or
automatically (local photocells), with each being determined by lighting type, function and location.

FM System ~ Elevators/Escalators

Elevators and escalators will be linked on an intelligent network with a gateway to the Station SCADA RTU allowing
monitoring, and permitted remote control, functions o be carried out by TSCC and YCO staff via the OLRT SCADA
system.

FM System — Tunnel Ventilation

RTG notes the requirement for Tunnel Verdilation to be part of the BAS and for the control network to be ULUKL- 864 listed.
We would walcome the opportunity to discuss this further as we do not balieve this is the best approach to achieving the
control and operation of this life-safety critical function. The controls for transit tunnel ventilation systems typically prove to
be oo complex for a standard BAS.

We believe it more appropriate to build a discrete TVS system based around redundant, high-availability controllers with
redundant VO and meeting SiL-2 as a minimum. This system would be independently linked to the main OLRT SCADA
system and would interface directly into local FDAS and local control panels for emergency personnel use.

Lastly, we recommend nol operating the tunnel ventilation system automatically based on smoke detection andfor
sprinkler system activation. 1t is not possible for the system to automatically know all the parametsrs necessary o
determine how fo initialize the TVS. We believe activation is best achieved by TSCC staff in consultation with the Driver,
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Radio Communications System

Radio systems will form a key part of the operational deployment of the OLRT providing Train control communications,
availability of wayside data and voice/data coverage for all staff and Vehicles. Three systems will be deployed: two
dedicated to the OLRT and a third, part of the overall City of Ottawa radio system.

RTG believes the delivery of cellular communications into the tunnels and below-grade Stations, in 2 similar manner o
that achieved on Canada Line and Calgary West, should be considersd as part of the radio system roll-out.

RC System — System Description

The first system {DCS) will be for the CBTC and is not discussed in this section as it is an integral part of the Train control
sysiem (see Saction 5.4.4).

The second system is the new high-spead wireless data network for interfacing the wayside with the Vehicle at both the
Stations and the MSF. This system will comply with PA Schedule 15-2, Part 4, Article 6 and Part 6, Article 7 operational
and performance reguirements and will comprise antennae, wireless access point radio nodes and interface equipment
for connection into the local CTS network node. This Wi-Fi will be used 1o pass streaming and recorded CCTV data
to/from the Vehicle, to pass Passenger count information to the wayside and fo automatically collect non-CBTC diagnostic
information from the Vehicle.

The third system will be the new Otftawa P25 system that we understand will replace the existing Ottawa Public Service
Radio (PSR} in 2015, The radio will be used for wayside/Vehicle voice communications, including ad-hoc PA messages,
and for low-speed data transfers, for example to frigger recorded PA announcements or update Train PIDS. The design of
this system does not lie within the scope of this Project and only its potential use within the system is described herein.

RC System — Wayside High Speed Radio System

For new data radio systems deployed on Station platforms; the antenna will be located so that Train communication can
commence a specified distance away from the platform, enabling Station arrival/departure information, maintenance
information and streaming video 1o be deliverad when required and providing maximum fime for information transfer.

Design Philosophy
The wayside radic system design will use the following basic principles:

m  Application of the latest applicable Codes of Praclice and International Standards, including 802.11, EN
50155/50121-3-2 and EN 50121-1/50121-4

Service-proven design in a similar application environments
Ease of maintenance and low life cycle cost

Use of interchangsable and module line replacement units
High reliability and availability

Redundant modules as necessary

Adherence to operational performance requirement

E E E B B B

The overall conceptual design of the Train-to-Wayside Wireless System is shown on Drawing 5.4.6-8W-110.
Wavyside Implementation Considerations

As the system will operate in the 802.11a frequency bands, consideration must be given to the public use and the
unlicensed nature of these bands. The system will need o be secure from ocuiside-the-network interference and be
designed to provide maximum bandwidth even when operating close to a large Wi-Fi user base, such as Campus Station,
The design must also consider the operating presence of the CBTC radio system in the 802.11b/g/n bands.

Radio equipment will be housed In enclosures thal provide equipment security and environmental protection. Antennae
will be constructed of robust corrosion-resistant materials and antenna cabling will be connected with high-quality, co-
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axial cables and connectors supplied by a reputable manufacturer. As with other key systems, power will be sourced from
a four-hour protection UPS.

Radic Coverage

Radio coverage will be provided for the Station and +/- 15 seconds of travel time in each direction from each platform.
This will provide ample time to exploit this system to its fullest,

Digital Radio Capacity Reguirements

The system will use 802.11a technology 1o get maximum data capacity over the network whilst maintaining segregation
from the CBTC radio. it will interface to Station CTS and CCTV systems to transfer information and video data with the
simallest possible latency,

Vehicle Mounted Ottawa PSR Equipment Considerations

As the Ottawa P25 system will be insialled by others during the life of the Project, we do not anticipate carrying out any
work on radio infrastructure; however we will collaborate with the P25 Radio System Supplier o manage the supply,
installation and testing of the radic system within the OLRT alignment and to ensure that the OLRT design is not
compromised,

RTG is expscting to be able fo use the new Vehicle mounted P25 radic system to transmit low-speed data messages
betwesn TSCC and the Trains for activities such ag PA message triggering. See Drawing 5.4.6-8W-106 o see how this
interface will be exscuted along with Drawing 5.4.6-SW-110 to ses how the fulure Otlawa PSR fits in with RTG’s
expected Wayside Radio System.

Operation Control Centre Voice Recorders (OCCVR)
OCCVR ~ System Overview

The existing Volce Recorder system at the Belfast Road TSCC will be upgraded and expanded, as necessary, o support
the additional PA and telephony traffic resulting from the OLRT Project. Project work includes upgrading and enhancing
equipment, adding new interfaces as necessary and commissioning the upgraded system with the new equipment to
ensure that all OLRT telephone and T8CC ad-hoc PA messages are recorded. Other recording and replay facilities will be
provided as per the existing system.

OCCYR ~ Functionality

The upgraded and expanded Voice Recording system will caplure all speech communications into and out of the OLRY
Control Centre and all spesch communications over the new radic system whether originating at the Control Centre or
not. All recordings made by the system will be able to be reviewed by authorized personnel should the need arise,

Central Time System

To keep all operational systems synchronised, a Central Clock will be installed at the MSF MCR with GPS antenna
diversely mounted on the building roof.

System Overview

The system will comprise two GPS-based network time-management servers configured to provide a redundant Stratum-1
level service to the Communications systems and the Thales CBTC system using NTP. See Drawing 5.4.6-SW-117 for
network location and connectivity.

SECTIOMS 4
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5493 System Safety and Security
OLRT Operational Systems

The CBTC and Communication systems are dirsctly involved in the real-time operation and contrel of the OLRT System
and must be protected from interference, sither deliberate or accidental, to maintain the inviolate state of the System. To
achieve this, real-lime systems will be closed from all external connections except those required to achieve data transfer
for performance reporting and operational travel planning data which will occur through secured firewalls af the MSF.

Data transfer between the systems, such as Train position information from the CBTC system to the Communication
system, will occur over secure links within MSF equipment rooms with security between systems achieved through
mechanisms that meel the requiremenis of the system suppliers without affecting throughput at the fime of
implementation,

With a closed system, there should be no route for external software to be introduced in an uncontrolled manner other
than through unprotected disk drives or USB ports. To provide maximum security against unauthorized software
installation, or file removal, access to all external drives/ports will be protected via system configuration and password
controlled user privilege. Cperational computsr systems will also be provided with current revisions of commercial grades
security and anti-virus software that will be maintained by the M&R Team ag part of their system administration and
maintenance tasks.

All servers will be maintained in secured rooms with strict access control protocols restricting entry to authorized
personnel. All eguipment directly involved in Train operation will be protected behind secure doors with access limited to
personnel who are directly involved in CBTC operation and maintenance.

External Syslems

For data transter to agreed external systems, such as the Operations and Maintenance Interface (OMI) and Operation
Performance & Travel Data (OP&TD) servers, firewalls will control data flow between these systems and the operational
equipment delivering the data to them.

For receiving and developing the Daily Reports {among other data), the OM! server will reside within the M&R Team’s
network, secured from the operational systems by a firewall (see Drawing 5.4.6-8W-117). Data for reports will be pushed
from the CBTC and Communications Systems to the reporting server in an unsolicited manner; there will not be any
requests for data to these systems allowed through the firewall to protect them from activity within the M&R Entity’s
corporate network, Data from within the M&R Team's network {e.q., Help Desk statistics, Asset Management information},
will be securad in a manner consistent with M&R Entity 1T security policies.

The Operational Travel Data server will be placed in a DMZ betwesn the operational systems providing data and the OC
Transpo corporate system(s) requesting it (see Drawing 5.4.6-8W-117). The CP&TD server will receive real-time
operational and travel service related data from the CBTC and Communication Systems through a back-end firewall as
well as receiving ad-hoc and scheduled data from the OMI server across the M&R Team's network. Connection from the
OP&TD server to the OC Transpo network will be via a second front-end firewall that will further protect and secure the

OLRT operational systems as well as isolating and protecting OC Transpo and the M&R Team networks from each other.
Access to these servers will be secured and protected in the same manner as the Operational systems described above.
Network and System Management

To manage the CTS, a Network Management System (NMS) will be installed in the MSF’s Electronic Equipment Room,
This NMS will be configured to monitor system performance, detect and annunciate faults, allow configuration/re-
configuration of devices and services, and manags overall CTS securily.
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5494 Open-Data Link

From PA Schedule 15-2, Part 4, Article 6.2 (b) (ili}, RTG understands that the City wishes to have OLRT operational travel
data provided for use by external, City-approved, third-party software applications through a firewalled server supplied as
part of RTG’s delivery. It is not expectad that operational performance data will be provided outside OC Transpo. Further,
the requirement calls for data to be provided in XML format for use by SIRI or other such applications.

CBTC system design includes an SUL database containing data relating to the signalling system and Train operational
performance {e.g. destination, next Siation, time to next Station). This database will be replicated to the OP&TD server
forming the basis for information o be provided to external applications. Other information, such as the daily timetable,
will be uploaded from other sources to the OP&TD system to provide a comprehensive data repository of OLRT travel
information. iIn addition to this scheduled and realtime information, provision will alse be made for ad-hoe service
interruption or special-event information o be input o the system either manually or selected through menu options.

Information received from these various sources will be combined within the OP&TD server to provide a robust data
service for real-time travel information on OLRT services that will be made available o external third-party applications in
accordance with the provisions of CEN standard TS 15531 (Service Interface for Real-Time Information relating to Public
Transit Operations).

The system will support both Request/Response {ad-hoc requast from an external interface) and the Publish/Subscribe
{scheduled and repeated data pushes 1o a2 subscribed external interface) Client/Server interaction patterns. The final
functional delivery specification of which SR features and data exchange the interface will support, will be defined during
design development and review.

54.9.5 Integration of Proposed Communication Systems with Existing City
Communication Systems

Five existing City communication systems will be integrated into the new OLRT systems:

Ottawa Public Service Radio {PSR)

TSCC Private Automatic Branch Exchange (PABX)
0OC Trangspo PA/PIDS

OC Transpo Intrusion and Access Control (1AC)
OC Transpo Corporate Systems

g B B 8 B

RTG recognizes that there are several existing City communication systems that the new OLKT systems must integrate
with and there are different levels at which that integration may ocour,

OC Transpo and Passenger telephony equipment will fink through the CTS fo the exisling, expanded PABX cumrently
housed in 875 Belfast Road. This eguipment will use Voice over [P (VoIP) technology to communicate with the PABX
routed through the CTS. The M&R Team's PABX, to be installed af the MSF, will be used for OLRT maintenance and
M&R Team telephony communications, and will be linked through to the OC Transpo PABX to allow operational and M&R
parties to contact each other easily.

Ad-hoe Public Address {PA} announcements made from the TSCC will be recorded on existing City voice recorders at
875 Belfast Road in accordance with the requirements of Scheduls 15- 2, Part 4, Articls 6.3 {¢) {xii).

The intrusion and Access Control (IAC) system deployed will monitor the Stations, TPSS, guideway, MSF and other
anciliary facilities for unauthorized access, as well as provide controlled access for authorized parties to authorized areas.
It is expected that OC Transpo and M&R Team staff will use the same system with some areas of common access and
some areas of restricted (lo each party) access. RTG will work with the City to ensure the deployed 1AC system is
compatible with the City's future 1AC system to allow ease of card access for OC Transpe and City staff fo authorized
OLRT facilities.

SECTIOMS 4
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The IAC will be interfaced to the CCTV system allowing images to be called directly to an operator's screen or to the
video wall in the event of an intrusion or alarm. During system commissioning, the City will be involved in selecting the
images to be called in the event of such an ocourrence; after commissioning/set-to-work the City will be capable of
including or excluding automatic display of video images of any device, type of device, spedcific event, or general event
type in accordance with PA Schedule 15-2, Part 4, Article 6.3 (g} {vi).

All images recorded on the CCTV system will be stored, sufficient for evidentiary purposes, for 31 days on servers
installed in the Data Room at 875 Belfast. RTG understands that the City wishes to use an off-site Data Centre to house
back-up storage and system servers and that the existing data connection betwsen the Data Centre and 875 Belfast is o
be used for data transfer. The bandwidth available on this link Is unknown to RTG. Should any upgrade be required it is
assumed that this will be undertaken by the City outside the OLRT Project.

The SCADA system will provide the head-end interface to the BAS, among others, at the TSCC as in PA Schedule 15-2,
Part 4, Article 6.2(1) {iv) and providing a common Conirol Room interface to all E&M facilities across the OLRT System. At
sach operational area {e.g. Stations) dedicated building automation control equipment will lock after each service andior
function {8.q. temperature control, HYAC management); where end devices (s.g. air flow dampers) provide tight shut-off
to prevent smoke they will be independently interlocked with the FDAS for activation should the nesd arige.

The BAS equipment network will communicate over a local redundant fink to the Station gateway, provided by the Station
SCADA RTU, from where it will use the CTS io pass data upstream to the SCADA Master Station and TSCC Operators.
This design of the local BAS equipment and network will be such that local control will continus should connectivity to the
SCADA Master station fail.

The CTS will be fault-tolerant, diverse-path, redundant-ring architecture designed to provide the OLRT with the required
fevel of performance to meet OLRT operational needs and speed. Final system layout and equipment selection will be
defined during the design phase in consuliation with the City’s Represeniative, ensuring that the design is compatible,
where possible, with existing City systems while noling that the OLRT CTS must, for reasons of operational integrity, be
kept separate.

Ottawa PSR

The Cttawa PSR provides the primary voice communications path between the TSCC/BCC and OC Transpo staff
operating the OLRT. We understand that the City is implementing a new P25 system during the Project Term and that
RTG will be integrating terminals of this new system into Traln fleet where it can be used for bi-directional voice and low-
speed data transfer.

T8CO PABX

All new Passenger and OLRT operations telephony devices will use the existing TSCC PABX for telephony routing and
management. The PABX will be expanded as necessary {o provide the requisite number of internal lines with expanded
PSTN interfaces should they be required following anticipated use requirements,

OC Transpo PA/FIDS

PA Schedule 15-2, Part 4, Article € requires the OLRT and OC Transpo PA/PIDS to interface at the TSCC. We assume
this is to keep a common interface between bus and Train operations. Part of the design process will be to review the
ability to include the CBTC System in these communications and extract the maximum benefit from interfacing with the
CBTC and High Speed Data Radio systems.

OC Transpo 1AC

To maintain common accessibility control across the OC Transpo network, the OLRT Access Control system will be an
sxtension of the existing OC Transpo IAC. This will allow existing access cards to be used to gain entry o the new
facilities by a simple reprogramming of the existing systern rather than having to issue new and additional cards to OLRT
staff; it will also enable M&R staff to have access to OLRT facilities through common access control infrastructure.
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OC Transpo Corporate Systems

To allow external approved parties and third-party applications hosted on the OC Transpo Corporate LAN to refrieve
operational performance and travel data from the OLRT systems, a data server will be established as part of the extended
CTS. This server will produce data in an XML format and will be designed to bs interoperable with Service Interface for
Real Time Information (SIR1} or other applicable standards. The final configuration of data transfer and contert will be
defined during the Design Phase.

L
M L P

54.10.1 Typical Medium Voltage Service

For the mainline, each traction power subsiation will provided with either 13.2 kV or 27.8 kY feeders from Hydro Cttawa
{HOL) to HOL switchgear and metering cubicle assembly. The pad and grounding for this swilchgear and the associated
ductwork will be provided by RTG. Table 5.4-33 provides the expected feeder types for each TPSS as per the Planning
Report provided by HOL.

For the MSF, three HOL 13.2 kV feeds will be provided as per the Planning Report. A separate feed will be provided for
the TPSS Yard, TPSS Maintenance Shop and MSF Building distribution,

Table 5.4-33 | Expected Feader Types

TPSS-01 Hinchey TS Looped 13.2 kY

TP8&-02 Lisgar TL Looped 13.2kY

TPS8S-03 King Edward TK Looped 13.2 kY

o TPSS-04 Riverdale TR & King Edward TK Looped 13.2kV
TPSS-05 Riverdale TR Looped 13.2 kY -

TP&&-08 Overbrook 1O Looped 1B2KY

TPSS-07 Cyrville MTS Radial 276 kY

TP55-08 L Cyryille MT DistributionLoop 218 kY

Downtown West Siation Lisgar TL Dual Looped 13.2 kY
"""""""""""""""""""""""""""""" . e | Dutioorsd | 1
TPSS-MSF Yard Overbrook 7O Looped 13.2KY -

TESS-MSF Ghop Russell TB Looped 13.2KY

MSF Building Russell TB Looped 13.2KV

Stations

A high-voltage feed and distribution transformer will provide low-voltage power to Al-Grade Stations dlose fo the traction
power substation:

® Tunney's Pasture Station from TPSS -01
w Le Breton Station from TPSS-02
® Hurdman Station from TPSS-05

SECTIONS .4
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m | rain Station from TPSS-06
m  Cyrville Station from TPSS-07
m  Blair Station from TPES5-08

Medium-voltage distribution for the facilities will be provided for the Underground Stations {Downtown West, Downtown
East and Rideau). The feeders from HOL will be based on Option F as outlined in the Hydro Ottawa Planning Report for
this Project. This will provide a dual looped 13.2 kY feed to Downtown West Station and a dual looped 13.2 kV feed to
Rideau Station. Each HOL feed will be cabled to the three Underground Stations providing redundant power feeds to each
Station.

Medium-voltage distribution will provide redundant 13.2 kV power feeds required fo provide power to the tunnel ventilation
system. For single line diagram, refer to Drawing 5.4.3-SW-121.

Although TPSS-03 will be located in Rideau Station, it will be provided with a separate feed from HO, and HOL Metering
Switchgear will be housed in a separate room in Rideau Station.

St Laurent Station is an existing Station which will also require redundant utility feeds to supply the emergency ventilation
systermn. [t is assumed that the existing HOL feed will be used as the primary feed. For the redundant back-up feed a
13.2 kY feed will be provided from TPSS-07.

T&CC
A separate HOL MY fesd will be providad for the MSF Building. This will provide power for the TSCC, YCC and BCC.
YOO & BCC

Discussed in Sestion 5.8,

5.4.10.2 Drawings

Drawings 5.4.5-SW-101 to 5.4.5-SW-108 include the location of substation transformers and ancillary equipment
{breakers, bus bars and isclation switches).

54.10.3 Redundant Supply Methodology

Discussed in Section 5.5,

5.4.11.1 Corrosion Control Strategy

The OLRT traction power system will be 1500 V do overhead contact system with the running ralls as negative return to
feed power to the Trains. With the running rafls as a return there will be various levels of do stray current leaking into the
surrounding structures or ground which can cause corrosion of nearby metals.

Stray current cannot be eliminated but can be mitigated {o reasonable levels. As a general strategy to mitigate the
corrosion due to stray current, the following will be considered:

Minimize the level of stray current through track design

Review underground metallic utilities under or near the guideway and provide necessary protection
Ground and bond guideway structures

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

Z2 BE B B

A NACE-certified corrosion specialist will be provided for this Project with these duties:

B Soil resistivity measurements and analysis along the guideway and yard
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Review of structure design

Review of grounding system design

Review of underground utilities and existing cathodic protection

Provide recommendation on cathodic protection requiremenis and test points

Stray current and corrosion measurements during construction and start of revenus service.

E B B8 B B

Corrosion Control — Uinderground Elements

Underground metallic uliliies near or crossing under the guideway will be documented. Each Utility Company will be
contacted fo defermine the type of underground material and existing corrosion protection {e.g. coalings, cathodic
protection), as well as their ability to monitor any adverse effects o that protection when the OLRT goes into service.

Corrosion Control — Structural Supports & Services

The effect of any corrosive environment on guideway bridges, structural culverts, retaining walls and general structural
supports for LRT systems will be controlied through the means of design and construction, utilizing methods that are
compliant with the requirements of Schedule 15-2 of the Project Agreement. These methods will ensure the indicated
service life is atlained, without replacement of any major components. For concrele structures, these methods may
include providing sufficient concrete cover o the ouler layers of reinforcing steel, using epoxy coated, stainless steel, or
Glass Fiber Reinforced Polymer {GFRP) reinforcing bars, If required, and will consider the requirements for bridge
substructures in splash zones of adjacent roadways. For stes! structures, appropriate coatings will be applied, if required
this may include hot dip galvanization for general structural supports for LRT systems. For steel piles, site specific soil
corrosion levels will be considered during delailed design.

To minimize the comosive effect of stray current in guideway structures, metal in the structures will be provided with
bonding so that it is electrically continuous along the guideway. This will be done by installing continuous bonding
conductors along each frack, providing bonds to the rebars at a maximum of 30 m intervals, as well as at any
discoptinuities of the structures. Using metal wire ties and welding selected rebars will also ensure electrical continuity of
structure rebars. These measures will ensure the metallic reinforcements in the structure are electrically continuous which
will allow stray current fo flow along the structure and minimize stray current flowing in the ground. For bored tunnel whers
metal reinforcements in the segments will be difficult to bond together, matallic mesh will be provided in the invert and will
be bonded to the continuous bonding conductor to provide a low-resistance path for the stray current to flow, thus
minimizing stray current flow oulside the structure.

54.11.2 Reducing Stray Current
Design Concepts

The primary method to control the level of stray current is fo provide good electrical insulation between running rails and
the guideway structure or ground, and provide a low-resistance path for the negative return current to travel back through
the running rails to the TPSS. Good electrical insulation between the running rails and the guideway structure or ground
can be achieved as follows:

insulated rall fasteners

Good drainage of the frackbed

Clean ballast of proper depth, kept from contacting the running rails
Insulated track switch operating, locking and point detection rods

Pravent any grounded equipment or materials from touching the running rails

g2 B B 8 B

A low-resistance path along the running rails for the negative return current will minimize the voltage rise from running rail
to earth and therefore reduce the level of stray current. This can be accomplished as follows:

SECTIOMS 4
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Large weight running rail

Continuously welded rail

Cross-bonding between rails and tracks {coordinated with signal ling)

Elactrically bonded ralls around movable points and other mechanical connections in special trackwork arsas

g B B B

Stakeholders & Sensitive Receptors Reguirements Management

Metallic utilities which may be affected by stray current from the LRT system will be documented. Each Utility Company
will be contacted to determine the type of underground material and existing corrosion protection {e.g. coatings, cathodic
protection) as well as their ability to monitor adverse effects to that protection when the OLRT goes into service. The
Utility Company and RTG would also discuss and agree if additional measures are required to ensure the OLRT system
does not affect their utility,

The Project Agrsement has identified three Stakeholdars which might be affected by EMI from the OLRT system: CBC,
NRCan and University of Ottawa, Gther Stakeholders may be identified through the Public Engagement Process in which
they will have the opportunity to bring their concerns to RTG. RTG will contact Stakeholders that could be affected by EMI
to advise them of the standard lavels the OLRT system equipment will emit.

54 .11.3 Stray Current Monitoring & Metering During Construction & Operation

Stray current measurements will be performed and documented in three phases:

m  Stray current levels once construction of the guideway and relocation of underground utilities is completed
m  Stray current levels after the completion of all construction
m  Stray current levels after the commencement of normal revenue service

Measurements will be documented and checked to ensure that stray current emanating from the OLRT during normal
revenue operation does not exceed the polarized potential of the structures as outlined in NACE RP3169.

Rail-to-ground insulation resistance will also be measured and verified during construction. For each section of completed
frack, the resistance will be measured as psr ASTM G165 and o ensure it is at least 250 Ohm per 300 m. Completsd
rack will have insulated rall joints which are required for the signalling systern. This can be used fo isolate ssctions of
track for rail-to-ground insulation resistance measurements after construction.

5.4.11.4 Stray Current Best Practices

Other best practices which will be applied on the OLRT Project to minimize stray current include the following:

Use of 1500 Vdco instead of 750 Vdo 1o reduce traction current and thersfore reduce the rall-to-ground voltage
A floating negative traction system for mainkine, no diode grounding
Electrically isolate the Mainling, Yard and Maintenance Hall running rails

Track design with running rail to earth electrical isolation of at least 250 Ohm per 300 m and provide a rigorous testing
program during installation to ensure this oriterion is met

E BE E B

The presence of slectromagnetic interference (EMI} and the resulting need for delermination of electromagnstic
compatibility (EMC) is a problem faced by all electiified railway systems around the world. It is important the OLRT
system is designed to operate safely with the presence of an acceptable limit of EM! and o generate only an acceptable
level of EMI to parties adjoining the alignment.
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5.4.12.1 EMVEMC Strategy

In line with PA Schedule 15-2, Part 4, Article 9 requirements, we will use EN 50121 as the design basis for the railway
and the subsystems within it

First and foremost, the railway has to operate safely at all times, so immunity to EMI of all maior subsystems is of prime
importance; this includes the Vehicle, CBTC and overlaid signalling {e.q. track circuits). Al rolling stock or wayside
aquipment determined o be safety crilical, or feeding into safety-critical systems will be reviewed for thelr proven
compliance with EMI emission and immunity requirements in EN 50121, Where possible, all equipment used on the
gysterm will have a proven track record in a similar operating environment where it can be shown o not cause and to not
suffer from EMI at the levels accepiable under EN 50121,

We will generate an “Electromagnetic Compatibility Identification” document and an "EMC Controf Plan” to describe and
identify the risks both to the railways from adjacent parties and o the adjacent parties from the railway (including the
Sensitive Receptors identified in Section 5.4.11.2). Toward the completion of construction we will generate an "EMC
Demonstration Plan” that will set out the method of demonstrating that the system has met required performance criteria
and can operate safely. After executing this demonstration, we will prepare and issue an "EMC Demonstration Report”
outlining and summarizing the results of the tests.

54.12.2 Applicable Design Techniques

Good design practice and the use of established design guidelines is the starting point of all design. In North America,
APTA, AREMA and IEEE standards and guidelines are used extensively; European {(EN) standards and intemnational
{IEC) standards are alsc used should the project require them or where they are seen as best pracice.

The starting point for all system design is to confirm that equipment procured for the Project has an EMI impact {to the
Vehicle, wayside or adjoining parties} complying with EN 51021, This will limit exposure of the overall system to unwanted
levels of EMI and EMC.

Once equipment has been selected, it is Important to look at the installation of that equipment together with its protection
from external forces. Lighining protection and grounding are two important design issues fo be addressed. We expect to
produce a Lightning Protection and Grounding strategy document at the outset of the Project to provide common
understanding of the problems and design direction across all Project elements.

One key component of the syslem that produces EMI is the Overhead Catenary System (O08), espedially in Ottawa
where ice formation on the lines and the subsequent removal of it by the pantograph has the potential to generate EM|
across a large frequency range. Any arcing at the pantograph/contact wire junction will cause EML During the design
phase we will work with Alstom to determine the best method of mitigating these problems.

Other traction power considerations that have an effect on EMF, and therefore EMI, are the location and size of
substations relative to the expected draw from the system.

5.4.12.3 Mitigation Measures

Most EMI problems exist for only a few tens of metlres around the source dus to the limited power available within the
equipment to generate high-voltage fields. The traction power system is an exception to this by virtue of iis function and
operation. For low-voltage equipment, positioning within the Vehide andfor alignment should be sufficient to nullify EM
effects as it will allow the EMF to fall away fo non-impacting levels before reaching sensitive equipment oulside the
Project,

I we determine that a plece of equipment is susceptible to EMI or will generate EMI problems for other equipment, we will
review the product and then either replace it or lake steps to reduce its foolprint in accordance with standards and
recoghized practices. Chvious exceptions fo this are wayside signalling equipment mounted close to the tracks that will be
expected to operate close to the Vehicle trucks, some of which will have traction motors mounted to them. Working with
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key vendors of this equipment to test and certily their systems together will allow us to, if necessary, take steps to protect
components and subsystems,

The final selection of mitigation techniques will be made if a problem is identified and needs o be mitigated because it
cannot be reduced to non-impacting level.

54124 EMIVEMC Best Practices & their Applicability to the OLRT Project

Standards-based design to reducing EMIVEMC and recognizing potential sources and receptors is the best approach to
reducing and mitigating unwanted EM! and EMC.

Best Practices

The US Department of Transportation’s Federal Transit Administration has produced a document, “Guidance on the
Prevention and Mitigation of Environmental, Health and Safsty Impacts of Heclromagnetic Fields and Radiation for
Electrical Transit Systems”. This document discusses and summarizes best practice for reducing and mitigating EMIFEMC
to both equipment and to persons.

Applicability to the OLRT Projact

We recognize the importance of reducing the risk of EM{ and EMC on the OLRT and of mitigating it where there is a risk
of ocourrence that cannot be removed. To do this we will employ best practices from both North America and Europe in
our designs, using the skill sets of our international Design Team and recognized external experts to review and advise on
individual issues.




