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SAFETY
JTION ¢

QOver the past nine months, Rideau Transit Group {RTG) has carefully considered all City of Ottawa {the City) needs and
requirements with respect to developing the Otlawa Light Raii Transit (OLRTY System. Our design solution takes into
account the City’s objectives as follows:

m Preventing disturbance to the City as a whole
s Minimizing disruption to the downtown
m Respecting the City'’s role as Canada’s capital and as a venue for high-profile events

Our tunneling and station design as well as our construction methods will minimize disruption to the City and to local
businesses. From our underground tunnel and station design experience in built-up cities like Barcelona, Seville and
Vancouver, we know that cut-and-cover construction methods can be extremely disruptive to Stakeholders and
companies, even going so far as o put some out of business. By contrast, RTG's totally mined {(TMS) tunnpeling
solution for tunnels and station caverns will achieve the following three benefits for the City:

w  Minimizing construction disruption to the downlown, preserving access to buildings and businesses, and
preserving historic resources

®  Reducing schedule risk related to utility relocations

# Reducing schedule risk by adopting a mulliple-front construction methodology of roadheader construction as
opposed o a single construction-face solution such as a bored tunnel solution

As described in Section 1.2, an integrated design-build joint venture (DBJV) will lead RTG's Design-Build Team, which
includes specialty consultants selected for their Project-specific expertise in tunnsls, stations and wrban design,
geoteshnical, structural, and fire and life safely. This organization offers the Cily the best of both worlds: clear
accountability and management control through the DBJV contracting mechanism, and the depth of expertise that only
specialists can bring o a project of this magnitude and Importance,

Section § as a whole reflects how we will draw on our combined experience to partner with the City to deliver an
outstanding Project. Throughout Section 5.1 we have highlighted how our approach meels or exceeds the City's
objectives for the OLRT Project, as specified in the Project Agreement (PA) and amplified throughout the Design Review

SECTHON 8.1
THE PROPOSED OTTAWA UGHT RAIL TRANSIY PROJECT: THMNEY'S PASTURE TO BLAIR STATION
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process, in the areas of ufilities, geotechnical design, investigation and monitoring, urban design and landscape
architecture, management and certification, and regulatory matters.

Utilities are a sensitive scheduls item for OLRT

construction for two reasons:

m Critical path - Many locations must be surveyed and
relocated before construction; and some of these
relocations require long-lead tmes for third-party
design, qualification of  subcontractors  for
construction and procurement of special materials
{e.g. transformers, fibre optic cable, large-diameter

pipes).

m High-profile —~ Clients like major banks and the
Department of National Defence, among others, have
utility agreements that preclude any disruption to their

To minimize utility schedule and performance impacts,
therefore, RTG has slected a mined tunnel and mined
station approach for the downiown tunnel. This will
eliminate full road closures dowrdown and minimize the
rumber of temporary {ane closures and extent of
excavation by Himiting construction impact o the areas
around vertical shafts and service entrances. To minimize
the impact on existing utilities, verdiiation shaflts wil be
located and configured optimally. Minor trenching will be
reguired to connect Station services and this will be dealt
with case by case in collaboration with delailed Station
design. RTG's mining approach will reducs surface
disruptions 0 that most ulility connections remain
connecied and require little suspension or relocation

compared fo cut-and-cover construction. Ouiside the
downtown core, a similer sirategy will minimize the extent
of utility Impacts and risk of disruptions, thereby optimizing
Project desglign and associated construction requirements,

service connections. Given the essential nature of the
connections between these clients in an urban area,
it is the highest priority to maintain uninterrupted
operations for them,

5.1.1.1

Through the RFP process RTG has complemented our local knowlsdge of existing conditions with thorough examination
of available utility information: City base mapping, existing condition reports, as-built drawings, and utility mark-ups. In
most cases these information sources tend to agres; howsver, further information and clarification is required for a
comprehensive detalled design. Prior to commencement of detail design, as part of the densification survey, RTG will
confirm actual fisld locations {i.e. horizontal and vertical coordinates, sizes and connections) as required for all affected
and adjacent utilities and verify that actual locations coincide with the proposed design. Some design adjustments may be
required, which can be Incorporated along with input from utility owners fo oplimize the ultimate configuration for all
parties involved,

Approach to ldentification of Existing Ultilities

51.1.2

The OLRT has utility protection and relocation requirements throughout the
corridor extent: relatively minor ones such as relocating one catch basin, and
large ones such as relocating 120m of a crucial 1220 mm backbone
watermain, Many of the largest and most critical are at tunnel portals, at the
three Downtown Siations and at the Maintenance Slorage Facllity (MSF)
entrance track. Highlights of the major utility relocation and profection
v requirements in RTG's design are listed in Section 5.1.1.6. Package B2 ~
Design Submission Part 2~ Vsiume 1 {of 4) provides the required utility relocation drawings. RTG has reviewed and
analyzed available data to evaluate all components, helping to ensure that safe and predictable schedules may be
adhered to during required utility protection and relccation work. To protect nearby utilities, CCTV ingpections of storm
and sanitary sewers within the Right of Way will be done to satisfy PA requirements.

Utility Relocation Including Protection

The philosophy for uiility protections and relocations in RTG's Utility Relocation Plan includes building on existing MOUs
that the City has coordinated with many ulility providers, as well as continued coordination and advancing agresments
and relationships with utility providers that own infrastructure affected by OLRT construction. Early and effective
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communication throughout the design-build process will facilitate delivery of these services. Once underground utility
construction is completed, RTG will replace any surface and sub-surface features affected by construction,

In addition to the original scope of work, other utility works have been incorporated info RTG's responsibilities to facilitate
the OLRT Project. They allow a smoother delivery by avoiding space and scheduling conflicts with other City contracts
that overlap with the OLRT. Through addenda issued during the RFP phase, RTG will now be responsible for utility
relocations on Albert and Queen Streets. The additional work will be administered through a Cash Allowance, and
includes construction of designs provided by the City for the watermain and utility work between Preston and Bronson
Streels, a two-part contract along Queen Street consisting of sewer separation from Bronson fo Lyon Street and replacing
a 140-year-old watermain from Bronson o Elgin Street. For these works, the City will provide RTG with a complete design
and RTG will perform the oivil work and reinstate the roadways upon completion.

Since most ytility infrastructure touched by this Project will be handed back to the original owner, work must adhere to
normal guidelines and requirements., RTG will strive o adhere to all applicable standards and requirements for the utility
infrastructurs that it designs, installs or protects, as summarized in Table 5.1-1.

Table 5.1-1 | Ulilily Design Guidelines

Water City of Ottawa — Water Design Guideline

Storm Sewer Citv of Ottaws ~ Sewer Design Guidselines

Sanitary Sewer City of Otfawa - Sewer Design Guidalines

Gas Third Party Requiremaents in the Vicinity of Natural Gas Facilities
Telecommunication Respective Provider's Guidsiines

Hydro CBAMOL Guidelines

Pipeline Crossing Railways Transport Canada: Standard Respecting Pipsline Crossings Under Railways

5.1.1.3 Communication & Coordination with Utility Companies & Operational
Constraints

Based on the size of this Project and to account for multiple active construction sites around the City simultaneously, RTG
will employ a full-time Utility Coordinator. To facilitate communication, this dedicated position will be the node linking RTG,
the City, the Utility Companies and/or other Stakeholders. This single point-of-contact will streamline communication,
Through regular mestings the Coordinator will establish early identification of issues and constraints encountered through
the design and construction process and relay them to all affected parties. To expedite delivery, the Utility Coordinator will
also help track the design circulation, permitting and approvals process.

5.1.1.4 Communication & Coordination with Other Stakeholders including Business &
Property Owners

Stakeholders include commerdial, industrial and residential property owners, road users, Emergency Services, OC
Transpo, STO and the Federal Government. In accordance with our Integrated Communication and Consultation Plan, we
will notify Stakeholdars of proposad road closure locations and schedules: coordinating with Emergency Services fo
maintain responss times, maintaining access for City Maintenance staff, notifying CC Transpo and STO of proposed bus
route changss, and informing the Federal Government of closures that could affect motorcade routing. In addition, as our
Nation’s Capital, Ottawa has many large cultural events including Canada Day which draws many tourists and pedestrian
o the downtown core. Close coordination with organizers will minimize disruption of these events. This Response
includes a Traffic & Transit Management Plan (TTMP) which describes our approach to managing long-term road
closures along the entire Project alignment, including the downtown area. Short-term impacts to access and unscheduled

SECTHON 8.1
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lane restrictions/closures will be addressed case-by-case. All temporary conditions will be conducted according to Ontario
Traffic Manual (OTM) Book 7.

5.1.1.5 Management of Service Interruption to Property Owners

The most severe road closures and ssrvice interruptions are avoided by the mined station approach downtown. i will be
possible to reduce surface disruption of traffic and allow betier access {o local sirsels during construction. Through careful
planning and design, service interruptions of all types will be minimized. Selecting a mined solution and extending the
wastern end of the downtown tunnel also allows RTG to avoid relocating the 1500 mm watermain along Commissionar
Street. Careful planning and construction staging approach minimizes the magnitude and duration of impacts, especially
at important ulility infrastructure relocations such as the large diametar watermaing at Tremblay Road, and the University
of Ottawa utility tunnel. Although external forces beyond RTG's control may still interrupt services, the PSOS stipulates
that RTG provide access for utility providers to enter sites on short notice so they can provide service continuily in
accordance with binding service contracts with their cusiomers. Whenever feasible, utility service interruptions will be
minimized absolutely and a high level of service continuity will be provided to customers. To achieve this goal, RTG will
ensure prompt access o all vaults and connections within the OLRT construction zone to enable utility technicians to
maintain connections and service io their customers. RTG will coordinate the specific access requirements with each
utility after the start-up mesting, since each provider has slightly different requirements {e.g. ecuipment access, foot
access, service vehicles). RTG design approach, construction means and methods and scheduling strategy, all combine
together to minimize and mitigate disruptions. RTG’s plan achieves a high leval of service and will give sufficient notice
when planned disruptions are necessary.

5.1.1.6 Early Identification & Mitigation of Impacts to Critical Utilities

RTG will work closely with every utility provider to accurately and efficiently progress design, and to identify and resclve
conflicts, RTG's approach is to maintain utility service by avoiding when possible, supporting and protecting when
necessary, and relocating only when unavoidable. This will ensure the most reliable service to all Utility customers that
rely on these connections, and those in the connecled branches. it is RTG’s understanding that at Contract Award, Hydro
Ottawa Limited (HOL), among others, will have started or completed installation of enabling works such as those outlined
in the HOL planning report. But for those utilities which still need relocation and which likely have lengthy design, review
and material procurement times, RTG may slect to pre-order selected long-lead items 1o mainiain required delivery dates.

Hydro Ottawa has already drafted a temporary and permanent Hydro relocation report that will allow more flexibility for
construction and more refiabllity for hanging lines by replacing its current circulls with flexible rubber lines which can be
more easily manoceuvred and supported than the existing ducts. There are crucial watermain connections in the path of
the proposed CLRT alignment. A 1500 mm watermain supplying nearly one-third of Ottawa’s population crosses at the
West Portal. Impacts to this critical backbone are avoided by locating the mining entrance of the tunnel to the west of
Commissioner Street and mining through rock under the watermain. Of three watermains connected to the Hurdman
pumping station, a 1220 mm watermain must have its valve relocated and be protected under the railway. At the MSF
entrance track 2 1220 mm watermain will require relocation underneath the access tunnel, and a 1050 mm watermain
must be routed alongside that same tunnel. This critical intersection of Belfast and Tremblay has been the subject of a
detailed staging design (see Package B2 — Design Submission Part 2 - Volume 1 {of 4}). Several other watermains
require relocation and protection, such as the 400 mim diamster watermain relocated around LeBreton Station, a 400 mm
watermain deepened at Campus Station, and a 600 mm watermain relocation at Blair to make way for the additional bus
layby area. All other watermain and gas plant will also be protected where thay cross the guideway along the alignment.

Many duct banks with multiple ducts carry Hydro Cttawa and telecommunications running along and across Queen and
Rideau Streets. In almost all cases, thase connections are trunk lines that have farreaching implications should they be
disconnscted. These connections are critical: much of Canada’s banking, national defence and fedsral communication
links are proximal to RTG's proposed work. Vital water-supply backbones and crucial service connections have been
identified for protection and must be maintained. This risk must be managed by closely working with utility providers, and
sffectively protecting adjacent utiity infrastructure. The construction schedule will consider the dlient notification
requirements of each utility provider as it relates to service interruptions and/or switch-overs,
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RTG is responsible for all major and minor utility relocation/protection. The following non-exhaustive list represents RTG’s
understanding of major utility conflicts to be addressed in completing OLRT construction work:

w  Protect:
- Twin 3800 mm x 2400 mm box storm sewer under existing Transitway from Tunney's Pasture Station to
Merton Street {including transverse joint replacement)
- 2x1220 mim and 1x1524 mm watermains at Hurdman Pumping station
- Bell and Alria telecom East of Hurdman
- 0C Transpo Communication duct west and east of Cyrville Station
- 400 mm gas on St Laurent Bridge (for clearance and stray current)
- 600 mm watermain; underside of St Laurent Blvd. bridge deck

- 115 kV Hydro crossing at Belfast Rd.

# Relocate:
- 750 mm to 1800 mm storm sewers and drainage structures {manhole, catch basin) at Merton Street

- 250 mm to 450 mm storm sewers and drainage structures {manhole, catch basin} at and west of Bayview
Station

- Various utilities at Booth Street/LeBreton Station (Watermain, storm and sanitary sewer, gas and hydro) ;
coordination required with the Albert Street Cash Allowance work noted in the PA

- Existing manheles along OLRT Guideway {some may remain in place at the City's discretion)
- 300 mm storm sewer, manholes and watermain at and east of Campus Station

- 300 mm o 800 mim storm sewer and drainage structures at and west of Less Station

- Bell telecom duct at Hurdman Station

- Various utilities at Belfast-Tremblay intersection {water, storm, sanitary, hydro, gas)

#  Avold:
- Bell Line along Cyrville road

v (ap
- 1050 mim storm sewer along existing transitway between Blair Station and Cwrville drain
- 1650 mm storm sewer west of St. Laurent station

# Check:

- Cave Creek Collector between Merton Strest and Bronson Avenue by CCTV — for pre-condition survey
- 750 mm storm sewer east of Hurdman - for additional loading
- High-voltage Hydro line crossing at 109+870 - for clearance

5.1.1.7  Obtaining Utility Permits & Approvals

Satisfactory completion of permitting and approvals is a necessary pre-condition to relocating utilities as required and to
delivering the Project on schedule. For example, any work along the existing road allowance and adjacent lands will likely
require a road cut permit, which will require a traffic management plan as well as an approved design. Further to the City's
requirements, the Ministry of Environment requires a Certificate of Authorization (CofA} for any storm or sanitary sewer
work, and for any watsrmain work in excess of 750 mm in diameter. Building permits for Stations and other facilities will
be addressed in the Station design process. We must also apply for a Permit to Take Water, since some of operations will
include taking or redirecting natural water, All efforts, therefore, will be made to expedite the approvals process so that all
proper permitting {see Table 5.1-2) can be in place in time for construction io take place.

SECTHON 8.1
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Table 5.1-2 | Permit Types required for OLRT Utility Construction

5

Road Cut Permit City of Otawa
Building Permit City of Dttawa
Permit to Take Water | Ontario Ministry of Environment
Carfificale of Authorization Ontario Ministry of Environment

5.1.1.8  Supplying Utility Services to the OLRT Infrastructure & Facilities

OLRT fadilities have multiple servicing requirements, the major one being electricity for traction power and ventilation
along with other Station and building needs. However, the OLRT also requires connection to water, sewer, and gas and
telecommunication services at various poinis along the corridor. These connections are used for normal operation, but are
also sized to account for emergencies such as the fire flow requirements that could potentially be put on water supply and
sewers In an emergency. For this reason there are redundancies bullt info these systems as reguired to help maintain
service and abate emergency situations.

OLRT Project power must accommaodate both temporary and permanent oparations, HOL has expendad significant effort
with respect to this issue, with its results incorporated into RTG’s design approach. This section describes how RTG’s
proposed design will use these HOL power supply provisions.

OLRT system construction and commissioning will require significant power. The single largest loads will be required for
constructing the tunnels; however, additional power will be required for functions such as welding track and general
construction powsr, We estimate a maximum of 24.31 MVA of power may be required; however, final load estimations will
depend on exact tunnel construction methods smployed. As much as possible, power supplies for temporary power will
{relutilize existing power supplies (where they exist) and be reused for permanent power {where practicable).

Temporary Power Requirements

Table 5.1-3 summarizes information from the HOL Document "Temporary Electrical Construction Power for the City of
Cttawa’s Proposed Light Rail System — Phase 17, revision 0-T, dated 2012-02-16.

Table 5.1-3 | Temporary Power Requirements

S S S S S

TPES-01 (.20 600 Y
Tunney's Pasture 0.50 8OO Y
Bayview 0.20 560V
LeBreton 0,20 600 Y
tess02 620 L o0V
West Portal 6.78 13.2kY
West Jet Fans 0.20 600 Y
Downtown WestiEast ; 520 13.2 kY
TP55-03 0.2 800V
Rideau 0.42 800V
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East Portal | 5.68 13.2kV
Campus Sistion ! 0,20 GO0 Y
TPE5-04 | 0.20 600 Y
Lees | 0.20 600V
Hudman 82 . eov
1P88-05 0.20 600 Y
Train Station 0.20 IRY
TP&S-06 0.20 600V
CMSFYardTPSS | os .  eov
MSE .83 Goo Y
St. Laurent (.50 600 Y
... __ _____ __ > _ . __ _ _ _ _ '
oynile o2 eov.
Blair 0.50 GO0V
TPS§5-08 8.20 600V
TOTALS 24.31

Permanent Powser Requirements

For permanent operations, the single largest power requirement is for the eight traction power substations {six on the
main ling, two in the MSF and yard). Four Stations also have significant loads due to tunnel vantilation fans, which also
rmust have a backup source of power {see further description below) by cods. In several cases, Station power will likely be
taken from an adjacent TPSS; this will be confirmed and optimized during final design.

We estimale a maximum power requirement of 63.32 MVA; however, final load estimates will depend on final traction
power load flow models, Computational Fluid Dynamics (CFD) and Subway Environment Simulation {SES) models for
tunnel vent, and final station/MSF electrical loads. As much as possible, power supplies for permanent power will reutilize
existing power supplies provided for temporary power,

Table 5.1-4 summarizes information from the HOL Document "Hydro Ottawa Information to Support the City of Ottawa’s
Proposed Light Rall System — Phase 17, revision 2-T, dated 2012-06-13.

Table 5.1-4 | Permanent Power Reguirements

TPSS-01 4.80 13.2 kY
Tunnsy's Pasture Permanant power from TPSS-01
Bayview 040 600V

LeBreton Permanent powst from TRPSS02

TPSS-02

Wast Portal

Also feeds Le Breton Station

No permanent power required as jet fans fed from Downtown
West
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West Jet Fans (.80 800V Propose fo fead from Downtown West Station
""" DowntownWest | s Lm0
DowntownEast | 320 | 1326V | No HOL service required - fed from Downtown West and Rideay
TPS35-03 4.20 132 kY
Rideau 3.30 13.2kV | Propose to co-locate TPSS-03 with Rideau Station

Easl JetFans Propose o faed from Rideau Station

East Portal ' No permanent power required as jet fans fed from Rideau

Campus Station 0.50 600 Y

TPSS-04 4.20 13.2kV

Lees b

Hurdman 023 Permanent power fom TPSS.05

TPSS-05 is0 |

Train &tation (.28 Permanent power from TPSE-06

TPE&-06 440

MSF YARD TPSS See MSF for permanent power allowance

MSE .

St. Laurent 1.10 13.2kY | Service to have a second MV feed from TPSS-07 to provide
alternate source

TPSS-07 480 27.6kY | Alsofeeds Cyrville Station and allernate supply to the 5t Laurent
Siafion

Cyrville Permanant power from TPSS-07

Blair Permanent power from TPSS-08

TPEE-08 470 21.6kY | Alsofeads Blair Station

TOTALS 63.32

Two incoming feeders from HOL will feed the 13.2 kV madium voltage (MV) switchgear In the MV Switchgear Rooms for
sach of the Downtown West and Rideau Stations. The load will be shared between the two utility feeders with an
automatic transfer schame using a tie circuit breaker so that one fesder can supply 100 percent of the load if the other
feeder fails. Downtown East Station will be fad at MV from the Downtown West and Rideau Stations and does not rely on
its own HOL connection. In St. Laurent Station, we propose to provide backup powsr for tunnel ventilation fans by an
alternate source of power fed from TPSS-07 new emergency generator. Jet fans in the downtown tunnel are proposed to
be fed from their closest adjacent underground station, which allows consolidation of controls, plus a backup power
source which was not accommodated in the reference design,

For Downtown West Station, RTG s proposing to locate the HOL demarcation room inside the Station, and not at the
comer of Lyon and Albert Streets per the original reference design. This allows for greater future development on the
sxisting site {currently a surface parking lot). Note that due to the relocation of Rideau Station to the east, relative to the
original reference design where TPSS8-03 was shown on the east bank of the Rideau Canal, RTG is proposing to
construct this TPSS inside the Station, including its associated HOL demarcation room,
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5.1.1.9  Ultility Drawings

Table 5.1-5 lisis the preliminary composite utility plans in Package B2 ~ Design Submission Part 2 - Volume 1 {of 4},
Hlustrating relocation/protection for West Portal, Downtown West Station, Downtown East Station, Rideau Station, East
Portal, and MSF connection fink.

Fable 5.1-5 | Preliminary Composite Uity Plans

West Portal - 1240-41DD-8W-1000-FP Rideau Station - 1240-41DD-SW-1003-FP

Downtown West Station - 1240-41DD-5W-1001-FP | Fgst Portal - 1240-41DD-SW-1004.FP

Downtown East Station - 1240-41DD-8W-1002-FF | MSF Access Track - 1240-410D-SW-1005-FP, 1240-41DD-SW-1006-FP

MMM, SNC and Thurber have extensive experience in working together on major enginesring projects, including several
large design-bulid projects. They will work on this project as a closely integrated team to investigate all aspects of the
geotechnical conditions and how they impact the design, maintenance and operation of the system. The senior Thurber
staff nominated for the project have an excellent rapport with the design team and will work cooperatively and in an
iterative fashion to help optimize the design and reduce future maintenance requirements.

RTG recognizes the importance of sound geotechnical design in the conception, construction, operation and maintenance
of an excelient transit system. This element is of even greater importance in a project such as the OLKRT, with it range of
complex structures, and cuts and fills constructed over challenging ground conditions which include sensitive clay,
swelling shale and former landfill sites. To address these challenges, RTG has used the geotechnical data provided in the
Reference Design and has developed a geotechnical investigation program to complete the identified data gaps. The
major issues identified by segment below, The geotechnical for the underground is described in Section 5.3, however the
underground hydrogeoiogical elemenis are describe in Section 5.1.2.4 herein,

g Segment 1 {Tunney's Pasture to LeBreton} - In the west, geotechnical conditions
range from a cut into the limestone bedrock at Tunney's Pasture o several melres
of waste fill resulting from past landfilling operations in the vicinity of Bayview and
LeBreton Stations. The chalienges in this section will relate to constructing over the
compressible and biodegradable fill and to managing possible landfill gas

generation.

g Segment 3 {Campus to East of Hurdman)} ~ This segment includes a relatively
thick deposit of clay at Campus Station, where the grade will be raised by a8 much
as 2 m at the platforms. Staging of construction and fill materials 1o be used will
account for the compressible nature of the scil, and foundation design will be
selected to limit settlement in the Station structurs. This segment also includes
Lees Station where soil and groundwaler are known o be contaminated from
historical land uses in the area. Also in Segment 3 are Hurdman Station and an
elevaled guideway which will both be constructed over a closed landfill. Design of
these faciliies will avoid founding on the fill and manage the risk posed by landfill
gases.

g Segment 4 (East of Hurdman to 8t Laurent Including MSF Access Track) - The
main gectechnical challenges relate to constructing the access tunnel to the MSF
under Tremblay Road, Belfast Road and the VIA tracks. The available gestechnical

SECTHON 8.1
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information shows that the tunnel box will be partially to fully embedded in the
Billings Shale, which is prone to swelling when the local groundwater regime is
disturbed and the shale is exposed to oxygen. The tunnel design and construction
methodology have besn sslecled fo mitigate the potential impacts from the
presence of the shals,

m Segment § {St. Laurent fo Blair) - Construction will be relatively straightforward
with the main issue expected to be the presence of Billings Shale, which must be
protected from exposure o oxygen.

5.1.2.1  Geotechnical Conditions Used in the Design Development
Geotechnical Profiles of all Major Structures

Geotechnical conditions that have been assumed for design development are those presented in the Reference Design,
The available data has been used 1o prepare Geolechnical Profiles at the major structures that will be impacted by OLRT
construction, as summarized in Table 5.1-6. Geotechnical profiles for these structures and Stations are in Package B2 -
Design Submission Part 2 ~ Volume 1 {of 4).

Table 5.1-6 | Major Shructures: Civil and Stafions

S s S S S

Bayview Road Bridge Hurdman East Overpass Tunney's Pasture Hurdman
CPR/O-Train Bridge Riverside Drive Bridge Bayview Train
Booth Strest Bridgs East VIA Loop Bridge LeBreton St L_aurent
i Campus Cyrville
Mann Avenue Bridge MSF Access Tunnel ,
Lees Avenue Blair

Rideau River Bridge

Cyrville Drain

Hurdman Guideway

5.1.2.2

Table 5.1-7 describes the geotechnical conditions and constraints considered in developing the design of the major
structures in the at-grade sections.

Geotechnical Conditions, Constraints, Concerns & Outstanding Issues

Table 5.1-7 | Geotechnival Conditions

There is no borshole data available at this site but original contract drawings show spread footings on
bedrock. This is consistent with what is known of the local stratigraphy. Since there is no planned
modification of the substructure at this bridge, thers Is no geotechnical constraint on the bridgs. Possible
geatechnical input to the identified retaining wall distrass will be explored and addressed if necassary.

Bayview Road Bridge

CPRIO-Train
over sand and glacial till overlying lirnestone bedrock. The fill includes waste composed, in part, of ashes,
paper, wood and plastic. The general geotechnical conditions in the area suggest that similar conditions
exist at the wesl approach. Since the foundsfions of tis structure will not be allered there are no
geolechnical constrainis for the bridge.

The Reference Design mentions potentislly liguefiable solls ai the embankment foss. This issue will be
pursued in detail design and addressed through ground improvement if necessary.

Conditions goveming the construction of this bridge vary from fill underlain by peat over bedrock af shaliow
depth at the north abutment, to fill over very dense glacial till over bedrock at slightly greater depths at the
south abutment. Design is complicated by the presence of two agueducts north of the alignment, one

Booth Street Bridge
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covered and the other open and spanned by an historic bridge.

Constraints include the presence of fll and peat overlying the founding strata and the requirement not to
negatively impact existing aqueducts. Geotechnical consirainis have been deal! with through embankment
design and by a system of foundation elements that carries the new loads below the level of the aqueducts
and avoids large open excavations near the agueducts.

Mann Avenue Bridge

Rideau River Bridge

Hurdman Guideway

Availsble borehole information shows that geotechnical conditions hefora construction consisted of fill,
including waste, overlying compact to very dense glacial til over limestons badrock. Since the work at this
bridge consists of deck rehabilitation, thers is no impact from geotechnical conditions.

At the west abutment, the exisling borehole information shows that the stratigraphy consists of waste fill over
a sequence of olay, silt, sand, glacial till and shale bedrock, at Elevation 45. Al the east abutment, the
stratigraphy consists of peat and recent slluvium over very loose sand, very dense glacial till and shale
badrock at Elevation 47.9. There is no direct information on conditions under the river, but the original
confract drawings show the bridge supporied on footings bearing on bedrock. Since the work on this
structure consists of deck rehabilitation, there will be no impact from the geotechnical conditions.

Boreholes available near he guideway indicate that before construction of the BRT the stratigraphy
consisted of approximately 4 to & m of fill over silty clay, sand, glacial il and shels bedrock. The lower half
{approximately) of the fill consists of mixed waste and the overlying material is generally mineral soil. The
original BRT contract drawings show that the fill was removed and replaced in the area undertlying the
busway and the Station area.

The Tl material is considered io represent a constraint fo design of the OLRT fagiiity as itis considared
unsuitable 1o support any foundation loads and will be sublect o large seltiements under embankment il
imading. The solution developad to address these geolechnical consirainis is fo support most of the
guideway crossing the filled ares on an elevated struclure supporied on caisson piles socketed intn the
shale bedrock. Betwaen the west end of the elevaled structure and Rideau River bridge, the guideway is
supported on a fill embankment. Most of the embankment consists of the sxisting BRT embankment that
has been built on an area where removal and replacement of the landfill was carried out. Where 3 portion of
the new embankment will spill bevond the limits of the replacement, meazures will be designed fo reduce
the potential setfernent undsr the smbankment. Additional site exploration will be carried out and, based on
the findings, recommendations will be developed for replacement or for in-situ ground improvement,

Hurdman East Overpass

The stratigraphy at this bridge site consists of shaliow fill and native soil over bedrock. The fill is not suiisble
for support of foundation loads and the structure has been founded on the shale bedrock.

Rivarside Drive Overpass

East VIA Loop Bridge

MEF Access Tunnel

There is no geotechnical information available for this bridge. Similarly, no foundation modifications are
planned. I modifications become necesaary in the course of detall design, investigations will be carried out
and recommendations will be prepared fo address this will be prepared to addrass this,

The geotechnical information available for this bridge site shows that shale bedrock lies at a shallow depth
below the track. Founding the structure on bedrock and the RSS walls on or a small distance above the
bedrock is not expecied (o face any geotechnical constraints.

The stratigraphy at the site of the access tunnel consists of approximately 8 m of overburden, consisting of
fill and native solls, overlying shale bedrock of the Billings Formation. Greater depths of overburden will be
encourtered where the alignment culs into the Belfast Road siobankment. The known swslling
characteriztics of the Billings shale comprise a geotechnical constraint on design at this site. The issue has
besn addressed through a design thet mitigates the groundwater drawdown so that the shale is not exposed
o oxygen.

Cyrvilie Drain

The stratigraphy identified at the Cyrville Drain site consists of shallow fill over badrock. The bedrock
formation has not been identified in the available borehole log, but geclogical mapping and borshole logs on
the original contract drawings indicated that itis the Billings Formation. Work at this sile consists of
excavating around the structure to widen the foolings and add counterforts. The excavation will be within the
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uppsr, weathered shale surface whers the polential for swelling has been largsly dissipated by years of
exposure. To guard sgainst remaining swelling potential, the exposed shale will be protected by & mud slab
and the completed work will exciude oxygen from the shale atl least as effeciively as the existing conditions.

Tunney's Pasture Stafion | The Transitway lies In & cutin imestone bedrock at this Station. Avallable borehole logs show 5 m of sand
and gravel fill behind the existing retaining walls and 2.7 m of fill, peat and mar overlying the bedrock
beyond the araa excavaled for the Siation. The bedroak in the viinity of the cut is reported 1o have been
distirbed by blasting. The undisturbed limestone bedrock will provide good support for foundations and floor
slabs. Expansion of the facility will take account of the poor native solls and the previously disturbed
bedrock. A twin-cell box culvert liss below the Transitway and the new foundation design will accommodats
thiz facility.

Bayview Station The new Station will be constructed over the O-Train track and will use existing bridge foundations. The
available geotechnical information comes from boreholes drilled mostly to the east of the Station location but
ars helisved to reflact conditions in the area. Borshols logs show several metres of fill including waste,
wood, paper glass and ashes. This is underiain by a thin layer of peat and organic silt of the original ground
surface, followed by sand and gravel over limestone bedrock. The fill is unsuitabis for the support of new
faciiities and the foundations regquired for the new station will bear on bedrock. Any waste fill that must be
removed will be managed and disposed of in an approved manner,

L eBreton Station Ground conditions at LeBrelon Station consist of 2 1o 4 m of fill overlving pest, sand, silt and glacial Hll, all
ovetlving imestone bedrock between slevation 48 and 52 m. The fill consists of a helerogensous mixiure of
mineral soll, construction debris, ash glass and wood. The fillis unsulable for the support of new
development and foundations will be founded on the undisturbed native soll below the fill, or possibly on
bedrock. Some piled foundations may be used for the Booth Shrest bridge, particularly whars i spana the
historic aqueducts.

Campus Station Available geotechnical information indicates that ground conditions at Campus Station consist of surficial fill
overlying 6 to 10 m of very stiff to stiff silty clay that, in turn, overlies a thin layer of silt, up to 6 m of glacial til
and shale badrock. The grade will be raised by as much as 2 m through the Siation. This grade raise and
possible groundwater lowering resulting from tunnel construction will induce consolidation settlement in the
clay. The silt layer below the clay has been identified as being potentially liguefiable. The design of the
grade raise and the foundations for the new Station structure will take account of these ground conditions
and avoid oversiressing the clay, which could lead o unaccepiably large settlements.

Lees Station Al Less Siation, graund conditions are reported 1o consist of il over nalive depasits of sand, silt and glacial
il over shale bedrack. it is anlicipated that sl materisl above slevation 52 m will consist of fill material and
that bedrook will be encountersd between slevation 48.4 and 48.5 m throughout the limits of the Slation, All
native soil below slavation 52 m was identified as baing denss to very dense. The soll and groundwater st
this site have been identified as contaminated with pelroleum hydrocarbons and polveyslic stomatic
hydrocarbons. A groundwater sump-and-ireat syster operates at the Stafion. The underlving shale bedroek
i potentially expansive if exposed fo oxygen. Foundations for the modified Station will consist of spread
footings on native soil or H-piles driven fo bedrock.

Hurdman Station A portion of the afignment, from approximately 105+020 to 105+520, extends through a former municipal
landfill site. Historical contract drawings indicate that the municipal waste was removed and replaced with
anginsered fill within the fooltprint of the existing bus station, but is still present within the proposed OLRT
Station. The fill apparently consists of two fairly distinct materials: 3 helercgensous mixture of largely
inorganic and mainly non-cohesive soils and a layer identified as waste. The waste Is assumed to be typical
municipal solid waste and is described as containing components such as wood, paper, cloth, rubber, ash
and metal. The fill is unsuitable for the support of new facilities and the Station and elevated guideway wil
be supported on piles bearing on badrock.

Train Station Ground canditions consist of granular fill over thin discontinuous lavers of loose fo compadt sand, silly sand,
ardd sandy sill over glacial 8 which in turn overlies shale bedrock. The dlacial il was generally described as
compact to vary dense silty sand fo sandy silt, some gravel, trace cley with cobbles and boulders. The
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surface of the bedrock was encountered hetwesn approximately slevstion 551 and 564 m in boreholes
within the area of the proposed Station platform. The bedrock was identified as shale of the Billings
Formation. The waler table st the fime of the investigation ranged from 56.4 m 1o 56.7 m. New fadiiities at
this Station can be supparted on spread footings on the glacial il

Si. Laurent Station Boreholes drilled in 1984 identified shale bedrock at elevations ranging from 62.2 10 65.2 m, which is 1.7 1o
5.2 m above the current Transitway profile. Groundwater levels in 1984 were generally between slevation
66 and 68 m. Based on boreholes drilled in 2011, the current condifions consist of asphail or concrete
surfaces over granular fill overlying shale bedrock at approximately elevation 58.1 to 58.3 m. Any
moedifications o the Station will be supported on spread footings bearing on shale bedrock.

Cyrville Station In general, ground conditions consist of granular fill over shallow shale bedrock. A thin layer of glacial till was
identified dirsctly above the shale badrock in a few boreholes. The bedrock surface was encountered from
approxirately elevation 664 to 69.0 m. The water fable in the piezometers was measured &l elevations
ranging from 66.7 to 88.2 m. New facilities at this Station will be supported on spread foolings bearing on
bedrock.

Blair Station Al Blair Station, ground conditions consist of fill overlying shallow bedrock. New faciliies at this Station will
be supported on spraad feotings bearing on badrock.

Additional Proposed Geotechnical Investigations, Laboratory Testing & Analysis

Additional gsotechnical site investigation, laboratory testing and analysis to address gaps in the Geolechnical Data
Reports will be conducted o the extent necessary o salisfy RTG's design and construction requirements. The
investigation will be based on sampled boreholes to delermine scil characleristics and to obtain samples for
classification, strength, compressibility and corrosivity analysis. Where bedrock will support new foundations, selected
boreholes will be advanced into the bedrock by coring. A sufficient number of boreholes will be diilled o enable
development of detailed geotechnical modsls at the bridges and Stations and {o delinsate geoctechnical conditions
along the guideway alighment. Reference documents identify several sites with soils that are potentially liquefiable
during a selsmic evenl. Al these sites, the sampled boreholes will be supplemented by static cone penstration tests,
including pore pressure dissipation measurements {(CPTu).

5.1.2.3 Estimated Ground Movement as a Result of Construction Activities

Ground movements addressed in this section relate to permanent fills and cuts not related to the main tunnel. For
impacts related to tunpel construction and portal approaches see Section 5.3,

The maximum grade raise on the main OLRT alignment is approximately 2 m and any setlement resulting from these
grade raises will be contained within the OLRT right-of-way (ROW)} and has been accounted for in the design. On
Booth Street, there will be a grade raise of up to 5 m in the approachss to the new OLRT overhead structure that will
be constructed over loose fill and buried peat. The design involves removing looss fill and peat and replacing it with
compacted fll, which will remove the risk of setfement and Iimpact on surrounding areas. Outside the main tunnel
approaches, the only permanent open cuts will be the realignment at the East VIA Loop and the approaches to the
MSF Access Tunnel The East VIA loop is sufficiently remote that it will not negatively impact the VIA Rall station
building.

The MSF Access track will be in a closed box structure under Tremblay, a conerste "U” structure and a tunnel under
the VIA Tracks. These structures have been designed fo resist the applied ground pressures and to prevent movement
or impact on adjacent facilities. The temporary open excavalions required for construction have been designed fo
protect adiacent facilities,

SECTHON 8.1
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Approach to Ground Movement Control
Two aspects of ground movement have been identified:

m  Ground movement within the Transitway ROW as a result of grade changes and loading imposed on the soll by
construction of new facilities

g Ground movement that may ocour beyond the ROW as a result of construction aclivilies and that may affect third-
party properties

Ground movements that ocour entirely within the Transitway ROW are being managed through the design approach to
have seftlements and related movements completed before completion of construction of the facility.

YWhere there is a risk of ground movement extending beyond the ROW and affecting adjacent properties, the final design
and construction methodology wilt be selected fo reduce movement to the minimum practical value. Geotechnical
monitoring will be carried out at potentially impacted properties and mitigation will be implemented if movements are
found to approach unacceptable levels,

issues Related o Ground Conditions

The principal issues related to ground conditions relative to the stations, in the at-grade sections of the alighment are as
follows:

Settlement due to loose native soils

Settlement due o the presence of landfiil materials
Congolidation settlement of compressible clays
Constraints imposed by the presence of sensitive clays

g2 B EBE B

Yarious approaches will mitigate the impact of these unfavourable conditions: recompaction of Ioose soil, removal and
replacement of poor soll, especially landfill, and in-situ ground improvement. Through Campus Station on Nicholas Street,
from Sta 103+680 to 1034860, there is a grade raise of 1 to 2 m over a deposit of sensitive dlay. The design in this area
avoids overstressing the sensitive clay and causing a collapse of the internal structure with the attendant, substantial loss
of strength and increase in consolidation setllements.

5.1.2.4 Preliminary Hydrogeological Impact Assessment & Associated Risk
Assessment

Dewatering and drainage potentially introduce several risks:
m Increased potential for downward migration of contaminant sources originating in the heterogensous fill
m  Shori and long-term setflement of compressible clays in response o drawdown

m  Potential swelling of bedrock shales principally the Billings Formation from siress relief, exposure o oxygen and
desiccation

B Acid rock drainage (ARD} potential:
- Exposure of pyritic Billings Formation and Lindsay Formation fo oxygen
- Sulphates can attack the cement in concrete lining of unnsl
- ARD represents a potential contaminant for effluent disposal
m  Salinity issuss - Saline groundwater from deep bedrock represents a potential contaminant for effluent disposal

Estimated Inflows into all Subsurface Excavation & Associated Control Measures

Approach for Preliminary Estimation of Inflow into Subsurface Excavation

Prefiminary inflow estimates were based on semi-empirical and analytical methods including Heuer {1995, 2005) and
Goodman {1965} and many others. Approximation methods incorporate parameters such as:

m Geometric characteristics of the excavation or tunnel (depth, cover, dimensions, elc.);
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® Hydrogeologic characteristics of materials (hydraulic conductivity, storage propetties, thickness, etg.); and
# Analysis assumes simple geometry and uniform materials

Estimates are based on weighted averages of values for mulliple segments along the length of an excavation. Such
prefiminary estimates necsssarily incorporate many (hidden) assumptions.

Estimated Inflow Tables

Preliminary estimates of flush (short term) and steady (long term) inflows 1o tunnel segments, based on simple analytical
methods, are provided in Table 5.1-8. These preliminary estimales have been further refined by numerical modelling. The
assumptions and limitations for the estimates on inflow tables are as follows:

® Estimates are prepared for:
- Scoping purpose only
- |dentifying significant differences between alignments (for comparison)
- ldentifying critical segments based on hydrogeology
# No control measures (estimates are raw inflows):
- Base case material properties were used
# Hydraulic properties are averaged between crest and invert along segments:
- Extreme flows were not identified
- Small-scale hydrogeological anomalies were ignored
# Analytical methods were applied subject to validity checks:
- Assumptions implicit in the analytical method are satisfied
- Averages obtained by multiple methods are consistent

Table 5.1-8 | Estimated Inflows for Subsurface Excavation with No Control Measures

Running Tunnels (excluding stations) 600 20 2000
Downtown West Station 30 1 150
Downtown East Station 15 <1 150
Rideau Station (buried valley) 1500 50 120
Rideau Station (running tunnel) 15 <1 90

East Portal 400 10 150

Dewatering & Groundwater Issues

Dewatwering the tunnel area during construction and drainage of the completed tunnel will potentially generate issues in
areas where hydrostratigraphic units respond adversely to dewatering.

Short & Long-Term Settlement of Compressible Clay {Leda Clay}

# Localized problems anticipated arocund East Portal, Rideau buried valley and south of Downtown East Station
® Control can be exarcised by limiting drawdown during construction
® Passive pressure maintenance afler construction will be implemented using flow barriers as required

Shale Swelling and Acid Rock Drainage (ARD) due to Groundwater Drawdown

& Potential problem where tunnel passes through Billings or Lindsay Formation {e.g. around Downtown East Station)

SECTHON 8.1
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Control by Himiting exposure to oxygen

Control by limiting drawdown by avolding dewalering during construction

Passive pressure maintenance after consiruction using flow barriers

Potential contaminant issuss (ARD and salinity) for drainage water and muck disposal

2 E E B

Proposed Mitigation of Groundwater Control Risks

Limit dewatering and use alternative controls, particularly for segments with compressible clay {East Portal)
Consider the use of sulphate resistant cement for concrate lining and grouting materials in areas susceptible to
ARD {e.q. Downtown East Station)

Pre-grout where fracturing or high flows are anticipated, when settlement is not an issue
Limit long-term setilement potential by:
- Re-injection of groundwater for pressure-maintenance
- Instaliation of flow barriers to passively resist drainage
- Sealing {(waterproofing) tunnel segments in the vicinity of the compressible clay zone {e.g. East Portal)

5.1.2.5 Geotechnical Concerns: Construction Adjacent to Existing Structures & Ulilities

Geotechnical concerns related to construction of at-grade portions of the OLRT adjacent to existing structures and utilities
involve ground movement toward the excavation and possible impacts of groundwater drawdown around the excavation,
Ground movement can occur in open {unsupported) excavations or where support is provided by soldier piles and
lagging, and some relaxation of retained soll can occur behind the lagging., These concerns can be addressed by
selecting and designing appropriate support systems. Groundwatsr drawdown increases the effective stress in the soll,
which can causs consolidation settlement in compressible soills. Whers the projected magnitude of setftlement is
unacceptable, this issus can be addressed by preventing drawdown or by taking other steps to mitigate the impact {g.g.
providing supplementary support to the facility).

The MSF Access Tunnel alignment is in conflict with watermains {1200, 1050 {2}, 300}, a storm sewer {900}, a sanitary
sewer {300) and three hydro lines. These utilities will be relocated prior to construction. The tunnel also conflicts with the
end piles in the abuiments of the bridge carrying Belfast Road over the VIA tracks. The abutment will be underpinned
with new piles and anchors to allow safe removal of the end piles that are in conflict. Signal, communication and power
lines along the VIA tracks will be protected where the tunnel passes below them.

Temporary Excavation Support

Temporary excavations in at-grade sections will be required for the construction of foundations, utllity lines, including
realigniment or repair of existing lines and modifications to existing Stations. The most substantial in the al-grade section
is the excavation required o construct the MSF access tunnel under Tremblay, Belfast Roads and under the VIA Rail
tracks. Temporary excavation support will be designed and installed on a site-by-site basis.

Where temporary excavation support is regquired to stabilize the sides of shallow excavations for footings or utility
trenches, typical support will consist of speed shores or trench boxes. At deeper excavations required to connect to
below-grade access points at the Stations, temporary support will consist of soldier piles and lagging or secant pile walls.
The choice will depend on the final geometry of the excavation and the proximity of other facilities, and will be determined
in detail design. The design of the excavation support for the rigid frame at Tremblay and Belfast Roads will account for
adjacent facilities, including residential and commercial properties, underground and surface ulilities and roadways. The
high-voltage Hydro towers are noted, but are far enough from the excavation not to be impacted. Soldier pile and lagging
support will be provided unless detail design determines that more positive support is required, in which cass secant pile
walls will be used.

Geotechnical Instrumentation & Monitoring Approach

Geotechnical instrumentation and monitoring will be carried out where it is judged that planned construction activities may
adversely impact adjacent facilities within the construction zone of influence. In at-grade sections, the activities that could
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affect existing facilities are deep excavation or pile driving. Localized excavations in the order of 1 to 2 m deep for foolings
or pile caps will not be included in the monitoring program.

For excavation af the MSF Access rigid frame and for Station excavations that exceed 3 m deep, monitoring will be
carried out on facilities that lie within a distance from the edge of excavation that equals 3 times the depth of excavation.
The instrumentation adjacent to excavations will consist of several seiflement points attached o adjacent structures or
settlernent rods installed along sensitive utilities. These points will be monitored before construction starts to establish a
baseline and then at regular intervals untll construction is completed in that area. Where the excavation may draw down
the groundwater and compressible soiis are present, the monitoring will be extended {o a distance of 50 m.

Where driven piles are used (e.g. at MSF Access/VIA bridge and possibly at some Stations including Campus and
Bayview), vibration monitoring will be carried out on facilities within 30 m of the pile driving. Vibration monitoring will be
achieved by attaching geophones fo the faciliies within the 30 m range and monitoring vibrations before construction
starts and throughout the pile driving activities.

Pre-construction condition surveys will be carried out on all structures within the moniforing zones described above,
Mitigation 1o Protect Facilities

RTG has developed design and construction procedures that minimize impact on adjacent facilities and these will
continue and be refined during detall design. Where it is not feasible to avoid all impacts to adjacent facilities, appropriate
mitigation will be developed case-by-case to address specific impacts. Mitigation measures may include the following:
More rigid shoring, possibly with rock anchors

w Meastres to control groundwater drawdown

w Underpinning

m Relocation of faciliies such as buried ulilities

During construction, if the monitoring program indicates that movements or vibrations at existing facilities are approaching
unaccsplable values, mitigation measurss will be implemented. In this situation, mitigation measures considered include

modification of construction methods {(e.g. a change in pile driving to reduce vibration, or installation of shoring or
underpinning as described above).

Stormwater management forms a critical design component of the fransit system to
maintain the health of recslving water bodiss downstream, such as area rivers and
groundwater systems, In addition, the sver-evolving nature of stormwater management
guidelines requires the OLRT to implement a state-of-the-art approach o managing runoff
from Project areas. Four maln areas will be examinad in this context, Water Quantity (Flow
. i Rate) Conrol, Water GQuality Management, Erosion Control and Water Balance. Post-
OLRT deveiopment peak flows will be consistent with pre-OLRT development peak flows {existing flows). This will avoid
increasing run-off rates to the receiving infrastructure downstream. In general, this criterion is applicable to all above-ground
Stations, guideways, and the MSF, except as amended by Tables 5.1-8 to 5.1-12. Overall, post-construction Project areas
must provide a neutral or net improvement in water quality over existing conditions for alt areas {(except as noted in Section
5.1.4.1) and maintain water balance levels per project criteria.  Implementation of these goals will be addressed primarily
through the use of sustainable stormwater management and low impact development fechnigues such as bioswales or
bicretention areas that focus on infiliration of runoff {at station locations) or rainwater reuse from on-site ponds (at the MSF
focation where water will be reused in the train wash facility). In other areas, many of the project’s aspects are sufficient
without further modification, such as the guideway, and additional infrastructure to address these goals will not be required.

SECTHON 8.1
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5.1.3.1  Design Standards & Criteria
Tables 5.1-8 through 5.1-12 deseribed design standards and criteria for OLRT Project drainage elements.

Table 5.1-9 | Storm Sewers

Genersl in all guideway areas, the existing storm sewer natwork will be reused whare technically feasible.
Areas with ballasted track will collect ballast runaff in perforated underdrains at culside edges of the
guideway, directing runoff to the nearest storm sewer inlet point. Where the proposed LRT alignment
deviates from the existing BRT guideway, new stonm sewers configured fo perform in a similar manner
will connect to existing storm infrastructure with upgrades as necessary. No new river outlets are
proposed. In areas of direct fixated fracks, drainage will be directed to surface calch basins with
positive drainage to the existing storm sewer system.

Design Standards Storm sewer design standards are derived from the foliowing sources:

m  Cily of Ottawa Sewer Design Guidelines ~ First Edition (2004}
B Inferim Guidslines for the Design of Storm Sewers (MOE)

Minimum pipe diameter will be 250 mm {City -~ 6.1.1.2)
Minimum catch basin/diteh inlef pipe diameter will be 200 mm (City - 5.6.7)
Catch basin/diteh inlet spacing as per MTO Drainage Manual (Chapter 4)

Minimum aliowable velocity for smooth wall pipes (0.013) for a storm sewer will be 0.80 m/s
and a trunk sewer will be 0.10 m/s (City - 6.1.2.1)

& Design service life of mainling storm sewers (CPP) will be 50 years min. (City - 3.4.1)

Design Criteria

Quality Water quality is not applicable to storm sewer design.

Quantity Storm sewers will be sized to accommodate required flows. The minor systern will be designed to
capture and convey the runoff from a 10-year storm event. Where no overland flow oullet exists, the
sewer system will be designed to capture and convey the 100-year storm event.

Erosion Control Erosion confrol is not applicable to storm sewer design. However, appropriate srosion coniol or
enargy dissipation will be provided at storm outlets,

Watar Balance Water balance is not applicabls to storm sewer design.

Table 5.1-10 | Hoadsids Ditches

General Roadside Ditches will be used in rural cross-sections.

Design Standards Hoadside Ditch design standards are derived from the following sources:

# City of Ottawa Gewer Design Guidelines - First Edition {2004)
®  Interim Guidelines for the Design of Storm Sewers (MOE)
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Design Criteria w  Freeboard for 10-vear event; below subdrain inverts, inlet swales or fop of subgrade {City
6.4.1)
#  Minimum slope 0.5% (1% desirable) {City 6.4.1)

Guslity and Erosion Control Ditches and swales inherently improve water quality by frapping sediment. However, design crileria for
maximum valocity must be adhered to 5o that the grass lining does not fail.

Quantity Control The roadside diteh will have sufficient capacity to ensurs that the flow does not spread onto the
shoulder or fravelled lane for the major (100-year) storm avent.

Waler Balance Tynically water balance is not applicable to roadsids difch design. However, in some cagses
underdrains may be included fo promote infiliration.

Tabte 5.1-11 | Slormwaler Management Facifities

General The following general stormwater management design solutions will be implemenied. In each case the
strategy will meet all objectives related to meeting required flow rates, improving water qualily,
minimizing downstream erosion potential, and reducing flood risk:

#®  Slormwater management weat ponds

#  Low Impact Development techniques using natural water pathways (bic swales, rain
gardens, infiltration trenches) where prescribed by the PA and where feasible

#  Enhanced vegetated swales with enhanced grass embankments draining o stormwater
management dry ponds

®  Post-Project peak flow rates fo receiving infrastructure o be consistent with pre-Project
{existing) rates. In general, this criterion is applicable to all aboveground stations,
guideways, and the MSF

The stormwater management (SWHM) design will mest or exceed the minimurm target for water quality
control for the Project, which is to achieve a net bensfit to water quality improvement. All feasible
opportunities to apply Low Impact Design (LID) methods will be incorporated into the drainage system
designs to minimize the environmental impact of the OLRT development areas and to enhance watar
quality, water balances and water conservation where appropriate.

Based on site-specific considerations these will be supplemented where necessary by ancillary
measiires such as oiligrit separators, cooling trenches and dry swales. All SWM facilities ars new.
There are no proposed modifications fo exisling facilities.

Catchrnents in the Green’s Craek walarshed are required 1o retain runoff from the first 10 mm of
rainfall, with 48-hour extended detention of the subseguent 15 mm of rainfall. Thess areas require
“Enhanced” waler quality protection, as defined by the MOE. These criteria will be implemented at
Station areas inside this catchment, howsver, the Pinecrast-Cenierpointe SYWM Criteria Study (Section
5.2, subsection 3) notes that retention of 10 mm of rainfall may be difficult for the Southwest
Transitway, and allows for a combination of 15 mm rainfall extended detention {provided in the frack
ballast) and ‘overcapture’ of the 10 mm shortfall in other areas, such as the Centrapointe Town Cenire
lands when they redevslop. Further investigation on apilicable methods to achieve thess goals will be
pravided during the Project’s design phase.

Catchments draining o the Ottawa River or Rideau River that are considerad "Infill” development must
control peak flow rates to a rate consistent with the existing condition runoff cosfficient. In cases where
drainage issues exist with the downstream storm sewer or cutlet, peak flow rates must be controlled to
the smaller of the actual runcif cosfficient or a runoff coefficient of 0.5 (0.4 for combined systems).

SECTHON 8.1
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Design &landards

Design Criteria

Sufficient water quality treatment is required io produce an overall net improvement in water quality,
measured as a function of the site impervicusness.

At Stations, on-site storage of runoff will be achiaved by LID and hic-retention measures such as bio
swales, rain gardens and infiliration basins, while storage in the ballast will be used in the guideways
to reduce peak runoff rales.

Far sach of the measures listad above, SWM design standards are from the following sourges:
#®  Project Agreement, Echadule 15-2
#  “Stormwater Management Planning & Design Manual’, Ministry of the Environment, 2003

®  “‘Low lopact Developroent Storrowater Management Planning and Design Guide, version
1.0", Toronio Region Conservation Authority, Credit Valley Conservation Authotity, 2010

Wet Ponds will provide ‘enhanced’ water quality treatment {as defined by the MOE)

Stormwater management facilities will incorporate measures to mitigate thermal impacts on
receiving coldwater streams, whers applicable

& Al faciliies will be designed to adhere to criteria specific to reducing downstream erosion
potential and flood risk

Access roads will be provided as required for inspaction and maintenance of SWM facilities
®  SWM facilities will be designed to prevent losses of permanent pool due to infiltration and {o
prevent losses of active storage due to groundwater intrusion
B SWM wst ponds will have a maximum permanent pool depth of 2.5 m, and a maximum
active storage depth of an additional 2.0 m (4.5 m maximum total)

Quality and Quantity Control

Each of the proposed SWM solutions will be designed to meet water quality obisctives through the
ramoval of sediments and finas from the storm runoff andlor exposure to BMP based vagstation for
axcass nufrient uptake prior to discharging to a recelving body,

Quantity control will be provided where required fo prevent negative downstieam impaats for
stormwater conveyance systerms, including but not limited fo watercourses and existing storm sewer
systems. Specific areas requiring "Enhanced’ level reabinent of runoff will be implemented where
policy documents require them.

Eroston Control

Permanent erosion control measures related fo protecting recaiving waters are gensrally not required
as all Project drainags outlsts are generally existing outlets connected to stabilized infrastructure (s.q.
storm sewers, viaducts) or to major watercourses (Ottawa, Rideau Rivers) insensifive to the impacts to
erosive energy on the scale of this Project, except as noted in specific reports, such as the
PinscrestiCentrepointe Stormwater Management Criteria Study for the Green's Creek watarshed,
where special criteria have been noted {and surmmarized below). Ercsion and sediment controls are
generally limited to the protection of constrisction phase impacts to receiving infrastructure from non-
stabilized or disturbed soll surfaces.

Provision of appropriate side slopes on difches and within the ponds, longitudinal grades that do not
exceed the maximum design velocity, and grass lining the ditches and ponds will promote stability and
control erosion.

Water Balance

Measuras to promote infiltration of treated runcfl will be incorporated into the design of SWM faciliies
where the nead is preseribed in exisling policies and documents. Retention slorage coupled with
contingency underdraing would be the typical measure incorporaied.

Generally, the addition of impervious surface areas resuling from the Project will divert captured
rainfall from infiliration or evapotranspiration fo runoff. Measures will be implemented at all sites to
minimize any increase in runoff conmpared to pre-devslopment water budgsts {the proportion of
incident precipitation diverted o runoff, infiltration and evapotranspirstion), excent ag noted in the
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Future Expansion SWM facilities will be sized to treat runoff from thelr respective Fributary impervious areas that will be
constructed during Initial Works. Many of the basins will need to be expanded as part of any fulure
widening or transitway construction. Sufficient detalls will be generated 1o ensure that adequate space
is providad for the future expansion. Furthermore, outlets will be sized for the uliimate design.

Specific Area Criteria Tunney's Pasture Station

B Peak flow rates will be controlled to existing condition rates, of fo 8 post-consiruction runoff
coafficient of 0.5, whichever is required based on the capacity of the downstream storm
sewer system

#  SWM measures using natural pathways (e, LID measures such as bioswales, infillration
trenches, rain gardens) will be used in the interior bus loop, the NE landscaped atea and the
SW landscaped area along Scott 8t An Gl Grit Separator (OGS will also be installed for
treatment of other impervious areas.

Bayview Station

m  Peak flow rates will be controlled fo existing condition rates, or to a posi-construction runocff
cosfficient of 0.5, whichever is required hased on the capacity of the downsirearm storm
sewer system, Quantily controls will be achieved with bio-retention msthods in the
iandscaped areas.

#  An OGS is requirad for watsr quality treatment prior to discharge to the downstream storm
seWers

L eBrelon Stalion and the West Tunnel Portal

#  Peak flow rales will be conirolied o existing condition rates, or to a post-construction runoff
coefficient of 0.5, whichever is required based on the capacity of the downsiream stonm
sewer system using bio-retention methods in the landscapsed areas

m  Runoff to the west tinnel portal will be conveved in a new storm sewer up 1o the 10-year
flow. Flows in excess of the 10-year flow will be captured in the tunne!l pumping siation

#  Dn-site waler guality treatment will be provided by bio-retention sites. Drainage from Booth
St Bridge will be directed via storm sewers (o the existing SWM facility on the east side of
the Ditawa River

Campus Stalion

#  Peak flow rates will be conirolied o existing condition rates, or to a post-construction runoff
coefficient of 0.5, whichever is required based on the capacity of the downsirsam storm
sewer system. Runoff will be directed 1o existing storm sewerz.

#  Nowaler quality reaiment is required st this logation. However, bio-retention methods will
be incorporated into the landscaped areas {o provide some improvement in waler quality

Leos Station

®m  Peak flow rates will be contiolled fo existing condition rates. of 1o a post-construction runoff
cosfficient of 0.5, whichever is required based on the capacily of the downslrean skorm
sewsr system. Runoff will be directed o exisling storm sewers using the sxisting pumping
stations.

m  Nowaler qualily freatment is required at this location
Hurdman

®m  Stormwater at Hurdiman Station is collected, treated. enters the existing system, travels
north and cutlets fo the Rideay River

THE PROPOSED OTTAWA LIGHT BAIL TRANSIY PROJECT: TUNNEY'S PASTURE TO BLAIR STATION
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m  Peak flow control to pre-development rates
‘Enhanced’ levs! water quality ireatment at several locations (bio swales)

# LD measurss for landscaped areas in bus loop, below tracks and north of the Slation priar
o overflow to downstream storm sewsrs. Waler quality treatment via an OGS required for
impervious areas.

Traln

#  Stormwater at Train Station iz collected and enters the existing system, fravels west and
oullets to the Rideau River

m  Peak flow rate control (o existing condition rates, post-construction runoff coefficlent of 0.5
used for allowabls flow rate to downsiream sewers if identified with questionable capacity
issues.

Waler quality reatrment not required. Dralnage to be conirolled via catch basins and sewsrs,
‘Enhanced’ level water quality treatment north of the proposed Train Station (bio swale)
Additional caich basins/diteh inlets a1 required

Mainienance & Siorags Facility (MSE
9 is/ha discharge rate limit
Enhanced level water quality freatment

Extended detention facility for control of major/minos flows from site. Yard drainage via
surface swales. Storm sewer collection of parking lot and roadway drainage.

Rainwasler harvesting sysiem
LEED NC 2009 “ceriified” status ~ The current cerlification approach for the MSF iz not i
rely on available SWW credils. (5.8.¢6.1,5.8. c8.2)

St Laurent

B Stormwalter at St Laurent is collected, enters the existing system, travels west and outlels
to the Ridesu River

s Peak flow rates will be controlied to existing condition rales, or to a post-construction runoff
coeflicient of 0.5, whichever is required based on the capacity of the downsirsam stonn
sewer system.

B Waler quality ealment not required. Drainags fo be controlled via calch basing and sewers,

Cyrville

B Stormwaltser at Cyrville Station is collected and enters the existing system, fravels sast to
Green's Creek outlet

B Green's Creek Special Criteria apply: 10 rom caplure & refention: 48 hour detention of runoff
from subsequent 15 mm of rainfall

Enhanced water qualily realment (bio swale)

LID measures for landscaped areas between tracks with overflow to proposed slorm sewer
{o the north

&

8 Slormwaler af Blair Station Is collected, treated, enters the existing system, lravels west and
outlels (o a dry pond that travels to Greans Creek outlet

®  Green's Creek Special Criteria apply: 10 mm caplure & reltention: 48 hour detention of runcff
from subssequent 15 mim of rainfsll

B SWM measures 1o be provided by a combination of on-site controls {(e.g. Underground
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storage, OGS units) and/or the downstream {existing) SWM pond fo the west

Guidsways

®  Runoff from guideways will be caplured and controlled inside guideway property. Peak flow
rates will be controlled to existing condition rales. A post-construction runoff coefficient of
0.5 will be used for the allowable flow rale fo downsiream sewers with limited capacity.
Storage of runoff within the ballast (where applicable) will be used to reducs pesk runoff
rales. Whers spproptiate, runoff from guideway areas will be controlled in conjunction with
the station SWM measures. Treatment of storm water runoff s not required for quideway
areas.

Table 5.1-12 | Cubverts & Bridges

General Thers is ons hew stream culver! within Project limits. Careful consideration will be given to the dasign
to address all quantity, quality, erosion control and waler balance reguirements to preserve and
snhance environmental integrity within the corridor.

Design Slandards Culverts gre being designed in accordance with the following standards:

# Cily of Ottawa ~ Sewer Design Guidelines (Chapter 5}
@ MTO Drainsge Manual Chapter 5

[Design Criteria The primary design criteria that govem the size of the watercourse crossings are fisheries,
hydrotechnical, and geomorphology. Other issues are considered at each crossing:

®  Geotechnical design related to suitable soils for the proposed structures

#  Hydrogeology related to impacts to groundwater discharge or recharge

B Preservation of designated natural faatures in ESA or PSW areas

& Wildlife passage requirements

®  Navigation requirements in accordance with Transport Canada requirements
Quality Fisheries

Fisherias griteria are related {0 preserving or cresting fish habitst where raquired and is directly related
fo quality issues. The design will include the following:

u ldentificstion of habitat requirements
# Consideration of fish passags reguirements

Quantity Hydrotechnical

Flow through culverts and bridges will achisve the following:

# Minimize increass in upstream flood elevations for events up to the Regional storm

# Provide sufficient clearance under the crossing belwaen design water levels and the soffit
®  Provide sufficient fresboard to prevent road overtopping

THE PROPOSED OTTAWA LIGHT BAIL TRANSIY PROJECT: TUNNEY'S PASTURE TO BLAIR STATION
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Erosion Confrol Geomorphology

Geomorphology critsria is related fo stream stability near crossings and will achieve the following:

®  Mitigation of potential scour and erosion
#  Management of polential channel migration

Water Balance Water balance is not applicable to culvert and bridge design

5.1.3.2 Approach to Drainage Design
Data Reguirements for Design & Decision Making

The following data requirements have been identified as necessary to ensure stormwater management measures are
relevant and appropriate for the climate and locale of the various Project elements:

City of Ottawa Intensity Duration Frequency Curves

Rain gauge data inside Project boundaries (if available), for hydrologic modsl calibration
Pinecrest/Centrepointe Stormwater Management Criteria Study, JFSA Inc., February, 2010
Ottawa Sewer Design Guidelines

Stormwater Management Planning and Design Manual, Ontario Ministry of the Environment, 2003

Additional Data that will Continus 1o be Collected & How it will be Usead

E B E E B

Data additions may be expected based on design feedback from Regulatory Authorities and the City as designs are
reviewed. Applicable and appropriate design criteria updates will be incorporated into Project dssign plans and
subseguent reporting. In addition, updates o Project-related rain gauges will be incorporated inte design oriteria and
compared to City Intensity Duration Frequency curves to use the most-conservative rainfall estimates for drainage and
stormwater management purposes. Sscondly, we will monitor pump flows from tunnel drainags poinis o ensure suitable
pump systems are in place o servics Wnnel seepage drainags in line with current drainage practics, if unnel seepage
rates exceed geotechnical recommendations for design inputs. Lastly, during design of catchments in the Grean's Cresk
watershed, adjacent development opportunities will be monitored to account for any shortfall in retention on the quideway
areas {such as the 10 mm retention target).

9.1.3.3 Hydrologic & Hydraulic Models & Procedures

In general, hydrologic models are required where the cumulative effects of hydraulic features in a project area result in the
need for hydrograph routing methods. Due to the nature and complexity of the drainage basins, and the outlets to the various
receiving waters, the SWMHYMO hydrologic model (a8 model approved under the City's Sewer Design Guidelines) was
selected. This model estimates pre- and post-project runoff peak flow rates and analyzes major and minor drainage systems
{roadways and pipes, respectively) to ensure drainage criteria are respected, including requirements for major flow o remain
below the tops of the ralls. For cerfain Stations and the MSF (i.e. areas with sufficient controls to detain and manage flow on-
site to the oapacity of the minor system), the Rational Method {using spreadsheels and/or proprietary software that
incorporates this method, such as the Hydrocad software suite) will be used to incorporate the effects of low-impact
development measures {such as bioswalss) and verified with SWMHYMO models, as necessary,

5.1.3.4 Key Drainage Issues at Different Locations

Catchments in the Green’s Creek watershed are required to retain runoff from the first 10 mm of rainfall, with 48-hour
extended detention of the subsequent 15 mm of rainfall. These areas require "Enhanced” water quality protection, as defined
by the MOE.
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Catchments draining to the Oftawa or Rideau Rivers that are considered "infill’ development must conirol peak flow rales
to a rate consistent with the existing condition runoff coefficlent. In cases where drainage issues exist with the
downstream storm sewer or oullel, peak flow rates must be controlled o the smaller of the actual runoff coefficient or a
runoff coefficient of 0.5 (0.4 for combined systems),

The Rideau Valley Conservation Authority (RVCA) has a Level 2 agreement with DFO which authorizes it to review
potential Harmiul Alteration, Disturbance or Destruction (HADD) of fish habitat. This means that RVCA is authorized fo
review DFG authorization for mitigation of possible loss of fish habitat but not with compensation for logs of fish habitat.

To minimize the threat to receiving infrastructure, we will implement emergency protocols for areas with potential for
uncontrofled or unplanned releases of deleterious substances (spills} from OLRT operations. Areas with higher OLRT
traffic, such as the MSF, will benefit from on-site stormwater management or backup containment measures that provide
a secondary point to address unwanted spills before malerials leave the site.

With respect to large-scale flooding events, such as a repeat of Hurricane Hazel in the Ottawa area, oritical OLRT system
infrastructure components will be located outside the floodplain, as administered by the local Conservation Authority with
jurisdiction over flooding policy, where possible. Where oritical infrastructure must be placed in flood-prone regions for
technical reasons, appropriate flood-proofing measures will minimize damage to ciitical components o the extent possible.
This can mean locating the lowest opening of the building shove flood levels, thus ensuring access and egress in the event
of a flond. For minor flocding events, care will be exercised fo ensure that OLRT-related property is graded io direct overland
flows around low-lying sites and planned to ensure critical components are located outside flood vulnerable areas.

5.1.3.5 Potential Issues & Approach in Meeting Requirements from Relevant
Authorities

The local Conservation Authority and City technical review departments have jurisdiction over stormwater management
and drainage issues in the form of permit requirements and commenting authority for development applications, Early
approaches o the Conservation Authority and City will be required after Contract Award to facilitate early buy-in and
prefiminary feedback on design approaches related to these issues, We anticipate requests from Regulatory Authorities to
relocate certain Project aspects outside these buffer areas and to eliminate (by redesign or redirection) any deleterious
affects fo sensitive areas. We propose to reuse as much exisiing infrastructure as technically feasible to ensure that
Project impacts are limited fo previously disturbed areas {such as existing drainage outlets), or that impacts to buffer
areas do not expand beyond current encroaching foolprints. If modifications are still required to address recent policies
that are incompatible with a functioning OLRT system, compensation strategies {such as additional vegetation plantings in
other areas, of cash contributions to other environmental initiatives) will be advanced to authorize Project impacts.

5.1.3.6  Collection and Diversion of Drainage Runoff from the Guideway
Guideway

In general, the former BRT quideway asphalt surface will be replaced or overlain with ballasied track, or converted into direct
fixation track. This conversion improves drainage capacily by introducing a flow storage and control function in the void
spaces between the ballast stones which store and restrict runoff flow compared to the existing BRT surface, reducing peak
flow rates on downstream sewer systems. In areas of direct fixation track, imperviousness is not affected. Therefore,
additional measures to reduce peak flows further, such as addiional stormwater management facilities, are not
recommended in these areas. However, as the ballast material will retain runoff for a longer period, all areas will be
axamined and modelied as necessary to ensure all retained water elevations {up to and inchuding the 100-year event) remain
below the rall tracks to ensure rail service is not inferrupted by these events. In terms of water quality, ali ballast and rail
material is expected o be fres from deleterious material such as nalive hydrocarbons or soluble pollutants. Poliutants from
OLRT operations {e.g. whee! grease, meltwater sediment, sand size particles, etc.) will be retained in the ballast material or
spread over and adhered fo the ballast material's large surface area, exposing the contaminants to oxidation or bacterial film
action. In this manner, water quality impacts from guideway areas will be reduced below levels experienced with the current
BRT system, Additional water quality controls in guideway areas are not recommended. In a manner similar to water quality
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control, overall impervicusness in guideway sections will be reduced, ensuring water budgetshifts toward increased runoff
are avoided.

Stations

Proposed Station modifications and/or sites may both increase and decrease imperviousness based on the nature of the
sxisting site configurations. Therefore, the requirements for flow control are site-specific and noted in the special criteria.
YWater budgets and water quality impacts will be similarly affected by changes to site imperviousness. In general, for sites
that result in lower imperviousness compared to the pre-Project sites, additional stormwater management controls will not
be required {except as noted in the special criteria). All sites with increased post-Project imperviousness will require
sufficient controls {0 reduce flow rates to their respective special criteria, mainiain pre-development water budgets and
provide a nel improvement in water quality.

5.1.4.1  Approach to the Development of the Urban Design & Landscape Plan

Through the Design Presentation Meetings (DPM) and Client Confidential Meetings (CCM) process RTG received verbal
confirmation from the NCC that our designs meet the spirit of the NCC reguirements and conditions. While RTG has been
greatly encouraged by the endorsement received, it also respscis the intent and process described in the NCC
Requirements and Conditions Endorsement Letter, dated February 6, 2012,

RTG’s approach and commitment is that it will fully support and partner with the City to assist it in successiully compleling
the NCC's "Federal Land Use Design and Transaction Review and Approval process” (FLUA), such that all approvals and
permits for the OLRT project will be obtained to the satisfaction of the key participating parties.

RTG’s understanding of the FLUA process is that it dovetails into the Federal Environmental Approval (FEA), and as such
there are four federally Responsible Authorities (RA’s) that must provide review and approval. These include Transport
Canada {acting as the coordinating RA), Public Works and Government Services of Canada (PWGEC), Parks Canada
and the NCC.

To obtain the NCC Board of Director's Approvals as required by Section 12 of the National Capital Act, the Reguirements
of Conditions derived from the NCC’s review of RTG’s 60%DD submission will be incorporated into the Decisions and
Mitigations provided in the FEA under the Canadian Environmental Assessment Agency (CEAA).  As described in the
February 60 2012 letter, 3 continued review process after selection as Preferred Proponent is anticipated and will
continue throughout the project. The 60% DD (Second Pre-Final DD} scope of review will be all encompassing and the
following subject areas will have Conditions assigned which the Proponent will be required 1o address. These Conditions
include General Conditions Limited to Federally Mandated Stations, Alignment, Landuse and Design, Environmental,
Construction, Real Estate Transactions and Temporary Use and Land Access, Maintenance. Monitoring, and Station
Specific Conditions.

Rig Design Review and Approval Process

Refinement of the review process will be developed and clarified with the Spongors at the Preferred Proponent stage, but
at a high level RTG's process assumes the following:

1. RTG's designs as presented and submitted in this RFP, as described in the February 60 2012 letter, conceptually
represent the 60%DD (Second Pre-Final DD} submission. However, the designs as currently developed have not
benefitted from a substantial dialogue with the Sponsors and the NCC, apart from recsiving limited fsedback through
the DPM and COM process. RTG anticipates there will be a number of urban design and landscaps issues that the
NCC and Sponsors will want to discuss prior fo formal 60%DD submission. RTG anticipates a regular process of
meetings with the NCC will be established by the City and through the sarly consuliation process key issues that
might have influence on the current designs will be discussed. RTG will prepare a First Pre-Final DD submisison
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that will represent the RFP submission and any preliminary modifications agreed to with the City. The purpose of the
First Pre-Final DD submission will be to act as a base-line from which discussions can be initiated.

2. The primary key milesione will be to make the Second Pre-Final Design submisison which will be equivalent to the
60%D00 as decribed in the letter. As part of this submittal process, presentation of the project to NCC’s Advisory
Committee on Planning design and Really (ACPDR) is assumed. As described in the February 6% letter any
dedcisions, conditions, deletions or additions arising from the review process will be incorporated into the Decisions
and Mitigations list provided in the FEA, and provided there are no serious objections, the City of Otiawa will receive
NCC 60%DD Approval, which will permit RTG to start construction on any Federally Mandaled Stations that are
seeking a staged approval and constuction process.

RTG recognises, the process described in the February 61, 2012 letter assumed 60%DD Approval would be granted
to the City upon providing a letter indicating the proponent’s bid submission is compliant with the RFP requirements.
While RTG favours the proposed streamlined process its experience on large transit projects such the OLRT is that
optically, and substantially, it is important for the project to be seen to follow the due processes of the authorities
having jurisdiction. In this regard RTG is prepared to make a full submission to ACPDR if overall it benefits the
project, the Sponsors and stakeholders.

3. A second round of ACPDR and design submitials will be targetted and coordinated with the 90%DD (Final BD)
submission. The intent will be to complete the FLUA process and for the City to obtain FLUA approval from the
NCC.

4. Assumed time fines in which RTG should complete the FLUA process are provided in the Project Schedule (See the
Project Schedule, in section 3.2).

5. Upon receipt of the FLUA approval, design will progress into the Construction Documents phase. On going dialogue
with the City and NCC staff will continue, although the level of coordination and extent of issuss will agsume to have
diminished. Stations will progress into construction as described in the Schedule 10 Review Procedure contained in
the Project Agreement

o

Final approvals from NCC and the three other Responsible Authorities will only be achieved at the end of the project,
onge application for "‘Substantial Completion of the Fixed Component’ is ready to be submitted. The precise
coordination and sequencing related to the release of permits and approvals will be finalised In discusison with the
Sponsors and affected parties.

Development of the Urban Design and Landscape Plan

The RTG wrban design and landscape plans have been developed to address the NCC’s capital interests and objectives.
Unresolved issues in the Reference Designs have largely been addressed and the designs as a whole are improved, Site
furnishings have been provided to be compliant with the table of quanitities provided in Schedule 15-2 Part 1, Article 17.5,
clause (b)), Quantities of planting provided at each station site are listed on the station landscape drawings (see
Package B2 ~ Design Submission Part 2 - Volume 1 {of 4}). Principles of landscape and urban design as described in
the PSOS have been followed. Indigenous plant lists, the use of bioswales to improve stormwater management and
reduce surface run off are core strategies to the RTG design appreoach,

Moving forward, RTG’s approach through the design coordination meetings as described above will be to enter a process
of dialogue with the Sponsors and NCO to refine the urban design and landscape issues at and around each station.
RTG acknowledges that through the KFP process it has not had opportunity to interact closely with the Sponsors. A
broad range of key issues remains to be discussed at each station. For example:

1. Tunneys Pasture - Further understanding of the transition between bus loop and the anticipated TOD forms of
development will likely lead to further refinement and improvement of the site plan.

2. Bayview Station - The pathway network serving Bayview station offers convenient connections, but does not
adequately take into account the full range of CPTED issues. Individuals walkng late at night will not want to use
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routes, that are out of sight and pass through remole areas because of the perceived threat. Other choices and
pathway opfions via main streets should be explored and may need consideration.

3. LeBreton Station - The new configuration of Lebreton station has been optimised to improve functionality and
connectivity to the multiple pathways and access points.  The new station footprint is reduced in area, and returns
land to the NCC. However, a deeper understanding of the TOD to station interface objectives needs fo be
understood. While language in the PSOE refers to overbuiid of the station in future, technical requirements that
would transform the station and potentially require new ventilation measures would be key considerations.

4. Hurdman Station - The anticipated development tg the north of Hurdman station offers significant opportunity to
intensify around the station. Little is know about how development to the southwest of the station might evolve, and
the relationship of pathways and connections to enfire station hub including the BRT bus loop, warrants further
discussion

5. Train Station ~ Construction of the new train station will lead to decommissioning of the existing BRT station and re-
scuipting the landscape form in the centre of the ‘D" shaped circulation route, Extensive discussion regarding the
final scheme will be needed.

RTG is commitiad to working with the City and NCC fo examing the types of issuss highlighted above and where agreed
make refinements. RTG as a willing partner will work closely with City and NCC to effectively manage overall scope and
budget to the overall benefil of the project. Any issues of scope gap that might arise will be addressed separately
between RTG and the City,

5.1.4.2 Respecting the Spirit of the NCC Requirements and Conditions

As desoribed above, RTG will comply with federal legislative and regulatory framework approval processes to ensure the
OLRT project mests its obligations under the CEAA process thal has already been initiated for the project. This
commitment includes compliance with NCC plans and policies.

RTG's design approach is dedicated to providing a quality design solution, uniquely failored o Ottawa’s context,
reflecting best practices in urban planning, architecture and landscaps design. The station and urban designs described
in section 5.5 Stations Design, demonstrate an approach focussed on sound transit planing, with strong linkages and
connectivity with other transit modes; a commitment fo creating an elevated and enhanced pasenger experience,
combined with a strong urban design approach that knits stations with thelr communities, establishes strong passenger
connections and preserves future Transit Oriented Development opportunitiss.

RTG's construction approach has been tallored to minimize Impact to Ottawa’s City Centre. This has been achisved by
adopting a fully mined construction methodology, which avoids Impacting the Capital’s national symbols, Some use of
Federal lands is required for construction staging and temporary operations, but RTG has sought o minimize its use of
these lands. This minimal impact approach has been adopted fo allow the natural course of Otlawa’s daily business
including its capital celebrations and annual evenis o continue as normal,

Moving forward into the next phase, RTG expects to work with the Sponsors and NCC to develop the public art program
as part of the Capital's interssts to enhance venue programming, intepretations and commemorations. Finalization of the
Downtown East station’s entrances and thelr relevance to the Parliament Precinct may yet be further refined, subject o
the Sponsors direction. In addition, the potential of establishing a new underground connection with the NAC has been
identified as a potential project objective. RTG and its design team will work closely with the Sponsors and NCC o
develop cost effective and appropriate solutions.
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5.1.4.3 Roles, Responsibilities & Experience of the Urban Design & Landscape

Architecture Team
e |

RTG's integrated project team comprises professionals from
design, construction and maintenance.  The DBJV is
primarily responsible for design and construction of the
project, and it has subcontracted the entire project design fo
a joint venture formed between SNC-Lavalin Inc and MMM
{DEJY). The DEJV has refained Adamson Architects, bbb
Architects, Bl Group and HMM, to perform the stations,
urban, and landscape designs.

Consistent with its design presentations to the NCC and City
during the RFP process the DEJV has appointed Ritchard
Brisbin and Claudina Sula as the joint technical dasign leads
of these thres slements, with Claudina as Lead Architect and
Ritchard Brishin and Lead Dasigner. The Landscape design e e
Lead is {Cameron Owen/MMM) who will work in collaboration  Figure 5.1-1 | Team Organization
with Claudina and Ritchard.

Lead Landscape

The Technical Design Team reports to the DEJY design Manager, who has responsibility to deliver the entire design, and
has confrol over program, technical compliance and schedule. The DEJY Design Manager reports to Design-Build
Design Manager who's prime role will be to laise with the City of Ottawa on all design matters and to ensure the DEJV is
delivering the project on schedule, and in compliance with the PS0OS. RTG's design team has strong credentials as
summatised below:

Design Manager {Roger Woodhead) -~ Roger has 35 plus years experience involved in the design management of large
complex projects. Roger was the Technical Director for the Canada Line responsible for all the design and engineering,
and his transit project experience includes the Miflennium Line in Vancouver, and Kuala Lumpurs System 2 Line.

Lead Architect {Claudina Sula) ~ Is a pariner at Adamson Architects, and has 26 years experience in the design and
design management of large multidisciplinary teams, including large social infrastructure and transit projects. Claudina is
higly experienced in the Infrastructire Ontario Alternate Finance and Procument method,

Lead Designer (Ritchard Brishin) — Ritchard lives and works in Ottawa and is the Principal in charge of bbb Architects.
Ritchards recent accomplishments include design of the Ottawa International Alrport and Oftawa's Convention Centre.
Ritchard has extensive experience in working with the City of Ottawa and the National Capital Commission, and his in
depth knowledge of Ottawa’s culture, history and aspirations has provided the inspiration that has shaped and formulated
RTG's stations designs.

Lead Landscape Architect (Camesron Owen) ~ Cameron is an [Bl Group Associale and he is a Registered Landscape
Architect and provisional member of the Planning Institute of BC with 13 years of professional experience. He served as
Lead Landscaps Architect, for preparation of RTG's Ottaws Light Rall Transit Phase 1 bid. He brings & range of
international experience to (Bl Group, from master planning to habitat restoration. Mr. Owen has worked both in private
practice and as a municipal park planner, leading comprehensive greenway planning projects, stakeholder groups and
large diverse project teams. As an example of his ability to work within complex planning processes, Mr. Owen was
responsible for the production of the Vancouver 2010 Winter Games Master Planning {Non-Venue) resource managemsnt
mapping project. Mr. Owen holds a Bachelor of Landscape Architecture from UBC (1998},

RTG has closely examined the requirements for Safety Management and Certification and Regulatory Framework under
which the OLRT will be designed, constructed, maintained, and operated, and proposes a similar approach fo that which was
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successfully undertaken in Vancouver for the Canada Line project, where In accordance with the Railway Safety Act (BC),
the British Columbia Safety Authority (BCSA) has the delegated authority to oversee provincial raflways {including rapid
transit), A similar regulatory framework will exist for the OLRT System with the Delsgation Agreement passing authority from
Transport Canada to the City to requlate matters covered by Parts 1l and 1V of the Canada Transporiation Act {CTA) and by
the Railway Safety Act (RSA}

RT1G’s approach will be collaborative, and comprise all key Stakeholders from RTG and the City expected o provide
adequate resources so as not to delay the schedule for the OLRT. In particular, OC Transpo will provide control operators
and train Drivers so that Testing and Commissioning can commence and Trial Running can be complated on schadule. We
sxpect that the City will be in a position to issue an Operating Certificats in a timely manner to achieve the Revenue Service
date.

5.1.5.1 Safety Management & Certification

This section addresses management of the systems assurance disciplines on the OLRT Project:

Safety management and certification requirements in RFP Schedule 2, section 14 and Schedule 3-1, section 5.1
Systems assurance requirements in RFP Schedule 2, section 14 and Schedule 3-1, sections 5.1 and 5.4
System securily requirements in RFP Schedule 2, section 14

Safety management plan requirements in RKFP Schedule 15-2, Part 1 Article 8

Safety and security certification requirements in RFP Schedule 15-2, Part 1 Articls 10

g B EBE B B

RAMS (Relishility, Availability, Maintainability and System Safety} disciplines will be implemented and managed as part of
the conceplual detailed dasign, construction, installation, testing and commissioning, acceptance and operation phases of
the confract. The RAMS program will provide a numerical foundation for each assel's contribution to overall system
parformance.

System salety standards will use appropriate material from RAM studies (EEE 497}, 1S0 Standard (14224}, CAN/CSA-0632-
80 — Reliability and Maintainability Management Guidelines, CAN/CSA-0396 — Software Quality Assurance Standards, and
EN 50126 ~ Specification and Demonstration of Management of Reliability Availability, Maintainability and Safety.

RAMS requirements will be specified for sach subcontractor providing the Vehicle, the Train Control System, and the
Communications Systems. These will include numerical RAM requirements, as well as the System safety requirements
identified below.

Safety and Systems Assurance Management and Mrocess

Representative samples of the signed and sealed certificates are provided on a drawing in Package B2 ~ Design
Submission Part 2 - Volume 1 {of 4). There are two separats safety disciplines in an operating raiflway:

w  System safsty is the discipling of identifying, controlling and documenting hazards associated with the operating
system before revenue service. This is explained in a System Safety Plan or a System Safety Certification Plan,

m | he Safety Management System is the discipline for administering safely during revenue servics.

Management of systems assurance disciplines begins before design commences, and continues through Dasign and
Construction. It also plays an important role in maintenance disciplines, and in Service Authorization and Revenue Service
Demonstration. These roles are described below. Management of the systems assurance process will be desartbed in the
System Safety Certification Plan. These systems assurance disciplines are used lo stesr the design, and thershy optimize
system safety, reliability, availability and maintainability.
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System Safety Certification Plan (88CP)

The SSCP will define the standards which apply 1o the Safety Certification and other gystems assurance disciplines of the
OLRT Project and its major subsystems, including the following:

g APTA Manual for the Development of System Safety Program Plans for Commuter Railroads

®  APTA Manual for the Development of Rail Transit System Safely Program Plans

w  US DOT FTA Hazard Analysis Guidelines for Transit Projects

m EN 50126 Railway Applications ~ The Specification and Demonstration of Reliability, Availability, Maintainability
and Safety (RAMS)

w EC 61508 Functional Safely of Electrical/Electronic/Programmabile Electronic Safsty-Related Systems

IEC 15288 Systems and Software Engineering ~ System Life Cycle Processes

The SSCP will also describe the specific role fo be played by each standard and the specific lower-evel documents which
will be produced as part of the management of each systems assurance discipline, including RAM. Subcontractors providing
the Vehicle, the Train Control System, and the Communications Systems will be required o provide an SSCP for their
systemn, with similar documentation reguirements.

The development process for the System Safety Case and safety management will be in accordance with the SSCP. Spedific
documentiation requirements are described below.

Hazard Analyses

Hazard analyses will be produced by the subconiractors providing the Vehicle, the Traln Condrol System, and the
Comrmunications Systems. Each of these subcontractors will produce a Preliminary Hazard List and Analysis, a System
Hazard Analysis covering their enfire scope of supply, a Subsystem Hazard Analysis covering each subsystem within their
scope, and an Operating and Support Hazard Analysis, addressing hazards fo which operators and maintainers may be
axposed, as well as hazards which may be created by the operators and maintainars, A Fault Tree Apalysis will support both
the System Hazard Analysis and the Subsystemn Hazard Analysis. Where complexity warrants, each Subsystem Hazard
Analysis may also be supported by a Fallure Modes, Effects, and Criticality Analysis,

A similar set of documents will be produced by RTG {o address specific hazards at the level of the overali OLRT Project,
hazards associated with subsystems where responsibility is not subcontracted (such as funnel ventilation, trackwork, and
traction powsr), and hazards which exist at the interfaces between OLRT systems, including Vehicle, Train Control, and
Communications Systems, and between these systems and the remaining elements of the OLRT Project and/or the outside
world, Each of these analyses will contain adequate information to define the conditions being analyzed, and will identify and
assess the criticality of hazards.

Hazard Mitigation

Hazard analyses will suggest possible mitigations for sach hazard, sither to sliminale the hazard, or to reduce it to an
acceptable level of safety. Forms of mitigation include design considerations, safety devices, warning devices or
recommendations for adopting special procedures or fraining.

Hazard Tracking & Closure

All hazards, from all analyses, will be rolled up into Hazard Logs which will be used fo track progress on reaching agreement
with the Stakeholders regarding which forms of mitigation will be implemented. Separate Hazard Logs will be produced for
the Vehicle, Train Conirol, and Communications Systems, and for the overall OLRT Project. Closure of hazards will be
documented by signatures of the parties responsible for implementing the agreed forms of mitigation, and confirming that this
has been done. This may be done either within the Hazard Logs, or as separate documents, such as Hazard Tracking
Matrices or Risk Registers. The specific mitigation actions will be identified.
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The SSCP will desaribe the process for fracking progress on each document and certificate produced under that Plan, and
any subsequent action items. This process will be used to ensure that all Project participants provide required analyses in a
timely manner, and that action is friggered whers delinquent receipt is delaving hazard resolution. The tracking method wil
be available as a status report every other month. The tools for tracking these will be Microsoft Office based, either Word or
Excel,

The SSCP will also define the relationship between post construction, pre-revenue safety certification and the role of other
independent professionals responsible for system safety aritical items such as: Civil Works, Architecture, Fire/Life Safety and
Code Cormpliance.

Safety Certificates

The OLRT Project will be safety certified by performing the activities described in the sections above, and by documenting
these in a series of certificates. The Project will be divided info certifiable elements, based on the subsystems and the
individuals responsible for those subsystems, as well as the anticipated timing of the completion of activities necessary fo
certify each element. Examples of subsystems would be the Vehicle, Train Control, Communications Systems, Tunnel
Ventilation and Traction Power. Examples of the activities which would be expected to be timed differently for these
subsystems would be Design Criteria, Type Testing, Field Testing, Construction Specifications, O&M Manuals, Training,
Spare Parts and Operaling Procedures. Certificates will alse be required for Project-wide disciplines, such as
Electromagnetic Compatibility, Grounding, Corrosion Control, interfaces with the outside world (e.g. Utility Crossings, Oil and
Gas Pipes), and for different types of Guideway (e.g. tunnel, elevated, at-grade).

RTG will have access to Safely Certificates produced and signed for the Canada Line to assist with the struclure of
certificates and the list of signatories appropriate for each signature. Section 5.1.5.1.8 shows the list used to successfully
manage the Safety Cerlificates for that Project; Package B2 - Design Submission Part 2 — Volume 1 (of 4) provides
examples of certificates.

Safety Case

The Safety Case will be based on the compoesite of all SSCP documents, and will provide links to the disposition of all
hazards, and to the status of Safely Certificates. The Safety Case will be a composite of both the Generic Salety Case and
Application Specific Safety Case, as cutlined in both EN 50126 and EN 50123, Thess includs the following:

An overview of the OLRT as a system

A summary or reference 1o the safety requirements

Evidence that the OLRT, as designed, installed and tested, meeis all safety requirements

Adeguacy of compliance with the safety requirements

A summary of the safety assessment and safety audit tasks

A summary of the safely analysis tasks

An overview of the safely engineering techniques smployed

A Quality Management Report, providing a summary of the gquality and safety management controls adopted
Related Safety Cases for any subsystems on which the main Safety Case depends

A summary of any limitations or constraints, and how these may be lifted

E BE B B E E E B B B

RAM Documentation

RTG will allocate the numerical RAM requiremnents to the Vehicle, Train Control System, and Communications Systems, as
well as to the overall Project. The following steps prepare documentation and demonstrate RAM requirements:

B Reliability - allocation, analyses and demonstration
m  Availability - allocation, analyses and demonstration
m  Maintainability - allocation and analyses
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Safety Management Sysiem

This document will address OLRT safety and security during revenue service operation: responsibilities, policies, operating
rules, procedures for riskithreat assessment and data gathering, corrective actions and audits. Non-proprietary sections of
the Safety Management System now in place on the Canada Line will be the basis of this document.

Evaluation and Development of Systems Assurance Activilies

Our methodology to evaluate and develop Systems Assurance requirements is described in Safely and Systems Assurance
Management and Process above. We will stage these Systems Assurance activities as follows:

#  Conceptual Design - The SSCP will be prepared during the Pre-Design stage. Sslected portions of this document will
be provided to selected sub-system contractors, which will outline numerical allocations for RAM and include a high-level
definition of responsibifities for hazard mitigation, and will identify the systems assurance documents required from
subcontractors, thus ensuring that RAMS requiremnents drive the design.

 Design - Each party responsible for design of a sub-system or for design of the overall OLRT system, will understand
their responsibiliies to produce a design that conforms to the systems assurance requirements desaribed in the previous
paragraph.

# Construction - Management of the safety of construction activities will be described in the Copstruction Safsty Plan in
accordance with RFP Schedule 3.1, section 1.4,

w Maintenance - Management of the safety of maintenance activities will be addressed in the Operating and Support
Hazard Analysis and the Hazard Log.

w  Service Authorization - Safely and Security Certification are prerequisites for Service Authorization. Safety
Certification is described in Safely and Systems Assurance Management and Frocess above. Security Certification is
described in System Security and Additional Response Requirements.

# Hevenue Service Demonstration - Major subsystem subcontractors must meet specific numerical targets for RAM
during a specific period of revenue service {e.g. 12 months). A significant milestone payment will be withheld until that
subsystem maeets the performance criteria for the designated duration.

Optimization of the OLRT System

Reliability, Availability and Maintainability documentation will be as outlined in Safely and Systems Assurance Management
and Process - KAM Documentation. Operations are by OC Transpo.

Although not normally considered to be part of the systems assurance process, the following disciplines and methods wil
apply to the OLRT Project. These are in addition to those described in Section 5.1.5.1 to slesr the design to oplimize system
safety, reliability, availability and maintainabifity.

Service Dependability

Service dependability, safety and security must be primary considerations in the design of any transit system. The use of
proven methods, materials, and systems is extremely important, as is consideration of the local climale, geography, and any
other unique conditions. To provide a highly dependable system in Ottawa, RTG will draw on expertise gained through our
design, construction, operation and maintenance of other modern transit systems in Vancouver, Seville, Barcelona, and
Calgary. The means and methods to be emploved are described throughout this Response.

With respect to Safely Management and Regulatory Matters and how safety, security, and regulatory systems influence
service dependability, RTG believes that the two complement one another. Cerfainly service dependability will not be
degraded by the requiation that RTG will participate in developing nor the Safety and Security Management Systems that wil
be put in place. The approach will be to implement performance-based regulation and systemns, ensuring safety while
delivering high levels of service dependability,
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Maintainability and Lifecycle Cost

Many propenents responding to opportunifies such as the OLRT comprise consortia or financial entities, The successful
concessionaire then typically awards separate contracts for the design-bulld of the facility and for its maintenance and
rehabilitation (M&R). These design-build companies and operaling companies may or may not have equity participation in
the overall concession company.

Not wanting their capital fed up in long-term operations, construction companies often do not seek equity participation in the
concession company. They are also generally focused on minimizing construction costs, sometimes to the detriment of
lifecycle outcomes. Similarly, opsrating companies do not want to be exposed to the risks inherent in design and construction
which have not sought to minimize long-term M&R costs,

These positions can lead to conflict within the consortium: the operating entity can feel that not enough consideration is given
to M&R costs and, conversely, the design-build entity can feel burdened with unnecessary cost to minimize M&R costs. RTG
has achieved a balance between the long-term nature of the OLRT and the fact that some components will have design fives
that extend well beyond the Project Term. This is achieved in three ways:

RTG Team members will take and mainiain an equity position in Project Co throughout the Project Term.

RTG Team members will become the design-build contractor, assuming all the responsibilities that go along with
such a position. This arrangement means that there is a genuine interest is ensuring on-time completion because
of the overall corporate interests of the company in the concession.

m  RI1G Team members will be the system maintainer. As such, there is a corporate interest in ensuring that the design-
build of the system optimizes M&R costs and in ensuring that operating performance criteria are met and that
scheduled paymenis are not compromised through the Project Term. The MER Team is involved in design,
particularly in aspects involving maintenance, such as Station materials, MSF layout, and access to the guideway.
The M&R Team involved in the bid will also carry through this role in the Delailed Design phase.

Risk Allocation and Management

Appropriate warranties in the design-build contract will ensure that suppliers assume responsibility for product
performance by providing warrantiss for one or two years after Service Commencement {(SC). In some cases this is an
additional two years after installation. In addition, the design-bulld contract incorporates an extended warranty for critical
items, an sndemic defect warranty and a latent defect warranty. These design-builld contract conditions impose & strong
onus on the DBJV to consider the long-term operation of the system,

Optimizing Design to achieve Cost Savings and Efficiencies for life of Project

This approach was successfully implemented on the Canada Line, where design and procurement were undertaken in
close cooperation with a small, dedicated team of highly experienced O&M personnel, and the design managers were
experienced in considering Wecycle costs for similar infrastructure projects for governments. Design inftiatives that ook
into account long-term O&M considarations wers as follows:

g Running rail and whes! materials - The wheslirall interface Is a critical element of rail transit design. Early rail and
whee! wear lead to eatly rail replacement and wheel reprofiling and contribute to increased nolse and reduced ride
quality. On the Canada Line, it was decided 1o adopt high-strength steel for both rall and wheel, thereby reducing
operation impacts and minimizing maintenance costs.

m Structures - High-strength concrate was used for all structures to extend design life and reduce maintenance costs.

m Station finishes — These were selected based on maintainability, particularly ease of cleaning and graffiti removal,
Recycled matsrials were used where possible; e.g. concrete from a building demolished along the right of way was
crushed and used as subgrade materials,
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m Electrical system - After an extensive study of stray cumrents, the electrical system was designed fo minimize any
chance of stray currents causing premature corrosion of embedded Hems. This included using continuously welded
rail, bonding across joints, rall bond jumpers, electrical grounding of Station structures and insulated track fasteners
which isolated the running rails,

s Diagnostics -~ Where possible, all major equipment was designed to be capable of self-diagnostic health analysis. In
addition designs took into account access to equipment, repalr and replacement procedures, fools to be used, salety,
access doors, panels and hatches and sufficient space around components to aliow ease of repair. Long-term power
use was minimized by selecting components and equipment with energy-saving features and by optimizing lighting
levels in Stations.

w 1eam integration - O&M personnel were especially involved in design reviews of the Stations, Vehicles, the O&M
centre, control rooms and traction power stations. In addition, O&M personnel visited the major suppliers’ facilities
during manufacturing and were fully involved in testing and commissioning. Thelr input minimized lifecycle costs and
the potential for vandalism while optimizing equipment maintenance.

RTG will implement similar measuras and lessons lsamed on the OLRT.
Failsafe Design & Faillure Management of System Operation

Failsafe design is the cornerstone of rail transit safety and s integral o our design philosophy. We have chosen proven
systems for our proposed solution and teamed up with leaders in our industry. Ploneering the application of failsafe
design in the CBTC field, Thales is a Canadian success story. Alstom is a world leader in LRV technology with a proven
safety and reliability record. All safety-critical systems proposed for the OLRT Project have been proven in revenue
service, The safety analysis process outlined above will identify any single-point failures which will then be appropriately
mitigated. Fallure Management will be achieved first by a high level of redundancy in mission-critical systems. Our
solution emphasizes the use of self-diagnostic equipment with extensive monitoring and alarm systems to notify the M&R
Team of problems which can then be addressed before they affect service,

However, RTG realizes that, however rarely, fallures can and do oocwr. In cooperation with the City, we will develop
operational procedures and fraining programs to provide OC Transpo controllers and Drivers with the tools fo manage the
fallure and minimize impact to Passengers. M&R personnsl will be trained to promptly return the System to full operation.

System Integration Methodelogy

As with any project of this magnitude, there is infegration risk. RTG is committed to managing that risk {o deliver a transit
system that meels or exceeds performance expectations. RTG will carefully review all supplier submittals to ensure that
proposed systems and eguipment can perform asg required in the Oftawa environment. The process of choosing our
Teany's Vehicle and Train Control supplier, who carry the major integration rigk, 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 those interfaces. We have chosen two experienced
suppliers with demonstrated systems integration capability, and experience working fogether and working with RTG.

The responsibility to mee! interface performance requirements between vehicle and train control has been aliocated to
both Alstom and Thales. They will be contractually required to taks joint responsibility to meet performance requirements
and thay will be required 1o provide access to their key subcontractors to provide sufficient visibility to RTG that interface
requirements are well understood and properly implemented. A similar approach will be taken with other major suppliers
such as trackwork, OCS, powsr supply and communications.

RTG's LRT Systems Integration Manager will manage the design process to ensure that all interfaces are properly
defined, appropriale enginesring expertise is allocated to the task by each supplier, and the inevitable challenges are
dealt with. A detailed system interface specification will be prepared for each major interface {o define all interface details.
Particular attention will be paid to brake and propulsion interfaces, and the wheelirall interface. The Systems Integration
Manager will chair mestings attended, as a minimum, by Alstom, Thales, and key subcontractors such as the brake and
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propulsion suppliers. All details of system interface specifications will be discussed, agreed and documented. Other
subsystem suppliers such as communications, power and OCS will attend as required.

Test programs will be developed o demonstrate all aspects of the interfaces. This will include First Addicle inspections,
qualification tests, Factory Acceptance Tests and subsystem iniegration tests. Vehicle/Train Control integration lests are
planned in the Maintenance and Storage Facility (MSF) early 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 slages
that demonstrate the functionality in a logical sequence and ensure that, as far as possible, only one function within one
sysiem is being fested at a fime. Once multiple systems have been tested o an appropriate stage, they will be combined
for integration testing. This process is shown graphically in Package B2 ~ Design Submission Part 2 ~ Yolume 1 {of
43,

Over the past 30 years that owr Team has been successfully integrating CBTC systems, Vehicle and Train Control
systems have changed dramatically, Standardization of interfaces has been driven both by supplier consolidation and by
technological advances, especially in communication equipment and protocols, The application of modular design
methodologiss fo both hardware and software enginsering has simpiified interfacs design. This progress has dramatically
reduced the risks associated with Vahicle-Traln Control integration. RTG belisves that we can properdy manage the
integration risk for any major Vehicle and Train Control supplier, and provide the City with the most cost-effective system.

RTG will manage the system integration of other subsystems by applying the same principles as used for the Vehicle-
Train Control interface.

Precedents

RTG will have access o the SSCP, hazard analyses, safety cerfificates, failure reports, reliability reports and other
reports implemented by one of the pariners on the Canada Line. The subconiractors providing the Vehicle, Train Control
System, and Communications Systems will provide similar information from corresponding documents. Information from
these sources will be combined and used fo assist in preparing similar documenis specific to the OLRT Projedt, thus
ensuring a coordinated approach to RAMS. These subcontractors will also be required to advise RTG of any pattemn
failures which have occurred on cther projects, or which become evident after award of contract, where similar equipment
or software is used on the OLRT. This information will, in turn, be provided to the City, togather with an assessment of its
potential relevance to the OLRT Project,

Integration of Lessons Learned from Other Projscts

Integration of the Canada Line project used a strategy similar o that outlined herein. The following lessons are directly
applicable o the OLRT Project

m  Agree early-on which parties will authorize major steps in Project start-up, such as the following:
- Traction Power Energization
- First Train Movement
- Muitiple Train Movements
- Trial Kunning
Revenue Service
{Note that this is an example list, and not necessarily a comprehensive list for the OLRT Project.)

m  Agree with each party the list of documents and other activities required in support of their signature authorizing
start-up, This list to be documented in a System Activation Plan,

m Agree with each parly the processes andior standards to be used in preparing relevant documents and other
activities
Prepare and sign certificates as early as possible
Combins items in one certificate where timing is similar and signatories match
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g Prepare Revenue Service Operaling procedures and training programs relaled to safe operations during the
Testing and Commissioning {T&C) phase (e.g. train movements, traction power energization, hand signals) 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 O&M training are scheduled well in advance of the start of T&C and
coordinated with testing activities on an ongoing basis

® Use experts for key Project challenges and identify latent issues based on expetience on other projects

Files to be submifted
A record copy of safety certification files will be submitted to the City upon completion of the Work.
Implementation of Syslems Assurance Reguirements throughout the Maintenance Term

During the 3C-year Maintenance Term, RAM requirements will be achieved through the ongoing procurement of spare
parts and tools and the performance of the Maintenance Plans. During the inltial phase of the service, Maintenance Plans
will be developed driven from supplier recommendations and instructions.  Concurrent with prescribed and planned
maintenance activities, data will be collected on component fallures as well as status and wear on serviced components.
A data-driven failure management program will be developed based on trended projections and actual fallures. The RAM
statistics obtained will be analyzed and used to enhance the Maintenance and Asset Management Plans and ultimately
allow predictive asset maintenance.

System Security and Additional Response Requirements

The approach to System Security is described below as System Security Certification Plan and in Scope, Aclivities &
Processes. Additional response requirements of RFP Schedule 3-1 are discussed in ordern

w Configuration control
®  System integration
#  Postconstruction pre-revenue certification

s oafely auditing

Configuration Control: RTG will apply configuration management and change control management procedures and
techniques for the OLRT Project. Where appropriste (for example, in systems with scftware components), these
procedures and tschnigues will comply with internationally recognized standards

A project wide documentation control process will ensure that all changes fo documents and drawings are properly
recorded and distributed fo ensure that the work is performed to the accepted design. These processes are discussed
further below.

A Configuration Management Plan and Change Control Management Plan for the whole OLRT System including Vehicles
will be prepared at the conceptual design phase and will define the methodology, procedures and management
orgarization to perform these functions. This is detailed In Section 5.4.1.4,

During the Operations/Maintenance phase, RTG will maintain all systems plans, maintenance reports, remedial actions,
instructions and procedurss in an asset management system. System plans include the conformed design plans reflacting
as-built conditions at final acceplance of construction, The design plans, including typical installation drawings that
document installation standards, will be controlled by the Maintenance Director by implementing a configuration
management process embaedded in the assel management program. With the large number of interdependsnt and
complex systems making up a modarm LRT system, a system must be in place that will evaluate and control change and
provide traceabllity of these changes. This is necessary to ensure the ongolng integrity and functionality of all softwars,
hardware, and equipment throughout the Project Term.

A Configuration Management Committee, chaired by the Maintenance Director, will control configuration management.
Satety and security personnel will have a prominent role on the Board, which will be responsible for controlling changes in
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system configuration, components and procedures o ensure system safety, and reliability. The Board will apply 2
Configuration Management (CM) process 1o ensure system integrily:

# Configuration Management Committee (CMC) - A CMC is set up with key personnel of the organization. The
CMB is authorized to review and approve/disapprove the CM plan, CM procedures, selection of configuration
itemns, configuration baselines and changes to those baselines including deviations. CMC is chaired by the
Maintenance Director.

w Configuration control - Version control for software items will be done according o the rules of the tool
implemented for the Project. Configuration control of documents will be carried out according to the internal
procadures developed during the design-build phase and before pre-revenue operations. A defined configuration
ftem can be changed only after approval from the CMC,

m Evaluation of Change Request - A change request is analyzed with respect to its effects on the sysiem and
operations. A detailed technical description of the solution to the intended change is compiled and the following
benefit/risk criteria are examined:

- Benefit analysis

- Impact on safety

- Impact on quality

- Impact on human resource planning

- Impact on interfaces to the entire system or (o related systems
- Impact on reliability, availability and performance

All changes in the configuration of a system or equipment will include a request, an evaluation of the change (both in
terms of the system itself and any interrelated systems), an approval process, and the final recording and documentation
of the change. This will be managed and recorded within RTG’s assel management systems o provide traceability.

Whaere life-limited or serialized components are changed in any equipment, the overall impact on future maintenance and
life cycle of the parent asset will be accounted for and adjusted within RTG’s asset management systems

System Integration
System integration is discussed in Oplimization of the OLRT Syslem abovs.

Post-construction pre-revenue certification

System integration is discussed in Safety and Systems Assurance Management and Process above,

Security Certification

System integration is discussed in System Securfty and Additional Response Requirements above.

Safety Auditing: RTG will be responsible for OLRT system maintenance. RTG will establish an annual audit of all safety-
critical and safety-related maintenance activities, including checking that the forms of mitigation used to dlose the Hazard
Log and Risk Register tems are being implemented, that documented maintenance procedures are being adhered o, and
that each individual involved in safety-critical work has been properly trained. The party responsible for OLRT system
operation will also be required to establish a similar annual audit of all safety-critical and safety-related aspects of the
operation, If variances are identified in either of the operating or M&R procedures, the audit will follow-up by documenting
fegitimate variances accordingly. Details of the Regulatory Working Group and its establishment of a Safety Managsment
System are discussed in Scops, Activities & Processes. During the concession period, key metrics will be gathered and
reported to both the Regulatory Working Group and the City, Typical metrics will include, but not be limited to the following:




Safety incidents {potential or actual} that may involve staff
Maintenance fallures with potential safety implications
Issue closure rate
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Figure 5.1-2 | Canada Line / Syslem Safety Certificale No. 0001
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SSCP: We suggest that the System Security Plan
be a separate document from the System Safsty
Plan, since the former may require tighter
distribution and control. if the City approves this
separation, the System Security Certification Plan
will describe the responsibilities for ensuring OLRT
system security during construction, start-up and
revenue  service, It will address security of
Passengers, staff, contractors, visitors, emergency
personngl, the public and trespassers, as well as
assets. It will address quideway and perimetsr
protection, access control, and responsibilities of
seourity personnel. it will outline a methodology
parallel to the steps in the System Safely
Certification Plan {L.e. Threat identification, Threat
Mitigation, Risk Register, Securily Certification and
Progress Reporting). Non-proprietary sections of
the Security System now in place on the Canada
Line will be the basis of this plan. A record copy of
security certification files will be submitted to the
City upon complefion of the Work. Further details
on System Securilty are in Scope, Activities &
Processes.

51518 Precedent Certificates

Table 5.1-13 lists the Safety Certlificates prepared
for the Canada Line Project. A comparable list will
be prepared for the OLRT Project o track
progress. Representative samples of the signed

and sealed certificates are provided in Package B2 — Design Submission Part 2 - Yolume 1 {of 4).

Table 5.1-13 E Ligt of ’Safety Ceriificates for the Canada Line

0001 Overall Canada Line ® ® 0701 AC PS&D Design ® @
0101 Vehicles Design 0702 PS&D Supporting Services

Raquirements

0102 Vehicles Supporting & ® 0703 PS&D Inst, Inspec, & Test ® ®
Services

0103 Vehicles Inspection & ® » (801 BC PS&D Design ® %
Tesling

(104 Vehicles Systemns ® ® 0802 Blue Light System Design ® ®
Assurance

0201 ATC Design Reguirements ® @ 0803 Stinger System Design » ®
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0203 ATC Inst, Inspsee, & Test ® @ 0805 Grounding of Running Rails L &
0204 ATC Systems Assurance ® ® 0806 Guideway Lighting & I ®
0301 Comms Design Regmis ® B 0901 Fire Alarm Design 8 ®
0302 Comms Supporting B & 0902 Fire Alarm Supporting & &
Services Services

® ® 0803 EMC
0304 Comms Systems Assurance 8 ® (804 Train Noise and Vibration
0401 GIDS Design @ &

0203 Comms Inst, Inspec, & Test

%
%

(402 GIDS Supporting Services ® ® 0806 Ol & Gas Pipes ® @
0403 GIDS Inst, Inspec, & Test ® ® 0907 Underground Storage Tanks & L
0404 GIDS Systems Assurance & & 0909 Utility Crossings & ®
0405 Vulnerability to Intrusions ; ® | @ — ® i ®
(501 Alignment & Trackwork ® ® | 0913 Fire Alarm Inst, Inspec, & | ® &
Test

0502 Gauge Clearance @ ® 0921 Emergency Braking Rate & ®
0503 Trackwork Supporting & ® 0922 YOBC Timeouts during Low

Services Adhesion EB Applications
0601 TVS Design 0951 Elevated Guideway
0602 TVS Supporting Services 0961 North Arm Bridge Design
0803 TVS Inst, Inspsc, & Test 0971 Bored Tunnsl Dasign &

0604 TVE Sysiems Assurance % } %

% % @ @
2.2 9. 2

5.1.5.2 Regulatory Matters
General Approach to Development of SMS, SeMSE, TVA, S0Ps and LRT Rules

RTG has clogely examined the requiatory framework under which the OLRT will be designed, constructed, maintained,
and operated, and proposes a similar approach in developing the required Regulatory Slandards and Support
Documentation to that which was successiully undertaken in Vancouver for the Canada Line light rall transit project. In
accordance with the Railway Safety Act (BC), the British Columbia Safety Authority (BCSA) has the delegated authority to
gversee provincial railways in BC {including rapid transit). Recognizing that much of the BC Rallway Safely Act (which is
very similar to the Federal Railway Safely Act) is not applicable to an automated LRT system, SNC-Lavalin worked with
the BCSA to develop, file, and implement regulation governing Canada Line operation and maintenance. A similar
regulatory framework will exist for the OLRT system with the Delegation Agresment passing authority from Transport
Canada to the City to regulate matters covered by Parts Il and IV of the Canada Transportation Act (CTA) and by the
Railway Safety Act (RSA).

RTG’s approach to developing Regulatory Standards and Support Documentation will be collaborative, and comprise all
key Stakeholders from the City and RTG, which will provide adequate resources to enable effective development of the
required Regulalory Standards and Support Documentation. RTG proposes that a Regulatory Working Group be
gsiablished. The two principal members of the Working Group will be OC Transpo {as the fulure operator) and RTG (as
the successful proponent and future maintenance provider). The Working Group will also include City representatives on
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an ongoing or as-required basis {e.g. Rail Implementation Office, By-Law and Regulatory Services, Ottawa Fire Service,
Otiawa Police Service, Security and Emergency Management). This approach will be particularly important given the

multi-party nature of the OLRT operation, where the system will be regulated by the Cily, operated by OC Transpo, and
maintained by RTG. We will draw on the in-house expertise and experience from implemeniation of the Canada Line
systerm as well as on outside expertise, and will contribute to the Working Group in such a way that the parties will jointly
meet PA Schedule 15-4 requirements.

Regulatory Matlers — Responsibiliies and Organization
Responsibilities of the Parties
With the regulatory framework that will govern OLRT operation, it is important to define the responsibilities of the parties:

w The City will be the recognized authority to regulate and oversee all matters pertaining to OLRT system safely and
security.

# RTG will be responsible, as a component of its work, to assist the City in developing OLRT Regulations and
Support Documentation, including the following elements:

- Safety Management System (SMS)
Security Management System (SeMS)
- Threat and Yulnerability Assessment System {(TVA}
- Standard Operating Procedures (SOPs)
- OLRT Operaiing Rules and Procedures
- Monitoring and Enforcement Procedures.
g OC Transpo will be responsible for obtaining from the City, with the support of RTG, the Operating Permit for the
OLRT system,
g RTG will be responsible for maintaining the OLRT system in accordance with all developed and accepted
regulation and support documeantation,

& kach organization will be responsible to provide adequate resources to the Regulatory Working Group., RTG will
provide personnel who are knowledgeable and capable, with the expertise to develop relevant regulation, policy
and procedures based on the systems to be delivered. Additionally, this Working Group will underiake the
following:

- Prepare and agree on critical timelines and maintain the schedule asscociated with development of all
Regulation and Support Documentation.

- Update and make any necessary revisions o the Safely and Security Management Systems, LRT
Operating Rules and Procsdures, and Standard Operaling Procedures through the various phases of the
project.

® The Working Group will continue into and through the operaling period, with Working Group leadership
transitioning from RTG (during the design, construction and T&C phases) to OC Transpo {during the operaling
phase). The Working Group will have operating responsibilities for the following:

Establishing an ongoing operational framework

- Lisising with managers to ensure that all safety and security measures are addressed in accordance with
the developed regulation, rules, and standard operating procedures

- Providing direction for all safely and security activities

- Participating in all management discussions regarding safety and securily
- Managing and coordinating safety and security audits

- The guality and accuracy of all safety and security defiverables

SECTHON 8.1
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RTG Organization and Key Personnel
Organization

After Contfract Award, RTG will implement an organization to work with the City and OC Transpo o sffectively develop
OLRT Resgulation and Support Documentation. A Manager of Regulatory Matters will be appointed immediately {o
commence work on the requirements of PA Schedule 15-4. This Manager will be a hands-on individual who will organize
and mobilize the necessary resources and expertise within RTG, establish key relationships with the City and OC
Transpo, and initiale the Regulatory Working Group and support the City's interface with Transport Canada, as
appropriate. This position will be supported by the expertise of key RTG personnel, many of whom were involved in
successfully developing the regulation, safely and security management systems, operating rules, and standard operating
procedures that govern the operation of the Canada Line in Vancouver. The Manager of Regulatory Matters will report to
the RTG Design Manager, who will guide the process, ensuring af a higher level that the requirements of PA Scheduls 15-
4 are being met and that OC Transpo will be in a position {o obiain an Operating Permit in time for OLRT system service
gommencement,

Key Individuals
Roger Woodhead, PhD, P.Eng. - Design Manager

Roger Woodhead will have overall responsibility for ensuring that RTG effectively develops the OLRT Regulations and
support documentation in partnership with the City and GC Transpo. Dr. Woodhead was Technical Director on the
Canada Line Project, which successfully implemented a similar approach fo oblaining an Operating Permit from the BC
Safely Authority (BCSA). This document was one of the critical requirements for achieving Service Commencement, a
milestone which was reached 110 days ahead of schedule and which allowed Canada Line {o open well in advance of the
2010 Winter Olympics. Roger is a Lead QMS Auditor.

Brian McDonnell, M.Eng.Sc¢., P.Eng. -~ Manager of System Assurance & Regulatory Matters

Brian McDonnell will be responsible for managing Safety Certification and Regulatory Matters of the COLRT Project befors
revenue service, Brian wrote the Systems Assurance and Safety Certification portions of RTG’s Response. Specializing in
systems assurance of lransit systems for the past 23 years, he was responsible for systems assurance of Toronto's
Sheppard Subway and Vancouver's Canada Line and managed the Safely Certification of both projects before revenus
service.

John Selke, BASc., P. Eng. ~ Tesling & Commissioning Manager

John Selke has 30 years of experience in the specification, analysis, design, development, and commissioning of real-
time automatic train control) systems for the fransit and freight rail markets. His relevant experience includes application
of formal system engineering process to complex software-based train control systems and system safety certification of
safety-critical transit systems. As the Testing and Commissioning Manager for the Canada Line Rapid Transit Project in
Vancouver, Canada, John was responsible for developing the operational safety procedurss used during T&C and for
ensuring that the test program supported the project safety certification process.

Grant Balley, P.Eng. - Director of Maintenancs

Grant Bailey will be deeply involved in the OLRT through Design and Construction, coniributing the lifecycle perspective.
He is currently Director of Engineering for PROTRANS BC Operations Lid., a subsidiary of SNC-Lavalin and operator and
maintainer of the Canada Line in Vancouver. Grant was integrally involved in developing and writing the regulations, rules
and procedures governing O8M of the Canada Line.

Service Providers

in supporting the development of Regulatory Standards and Support Documentation, RTG has identified and will retain
the expertise of various consultants with strong credentials and backgrounds in regulatory affairs. The expettise of these
consultants will be used as an additional resource in the development of regulatory standards and support documentation,
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Louis Ranger Advisory Services Inc.. [Louis Ranger worked for the Government of Canada in transportation and
public infrastructure for 35 vears, including 7 years {from 2002 to 2009) as Deputy Minister of Transport. In that capacity,
he led Transport Canada's efforts to implement Safety Management Systems in all modes of transportation under federal
jurisdiction, with a particular focus on the air and rail sectors. With the Minister of Transport, he also launched a formal
review of the working and efficiency of the Rallway Safety Act which led fo a series of recent legislative amendments
{Spring 2012}, including new provisions 1o enhance the role of Safety Management Systems.

Design and Delailing of the System {0 Address Safety and Security
RTG will design and detall the system to address all aspects of safety and security:

w  Safely of employees, contractors and other authorized personnel on the property following service commencement
as described in Scope, Activities & Processes - Safety Management System

& Safety of Passengers on the system after service commencement as described in Safefy and Systems Assurance
Management and Process - System Safely Certification Plan

m  Safety of the general public adiacent to the site after service commencement as described in Safety and Systems
Assurance Management and FProcess, System Safety Certification Plan

# Seourity of employess, contractors and other authorized personnel on the property after service commencement
as described in Scope, Activities & Processes — Securily Management System

®  Security of Passengers on the system after service commencement as described in Scope, Activities & Processes
- Security Management System

Means and Methods of Construction to Address Safely and Security

RTG's means and methods of construction will consider and address all aspects of safety and security:

w  Safety of employess, contractors and other authorized personnel on the site during Construction as described in
the Construction Safety Plan Section 1.4

& Security of employees, contractors and other authorized personnel, and property on the site during Construction.
This will be described in a Construction Security Plan specific fo the OLRT Project. It will include threat
identification and assessment, a risk register, rigsk mitigation, access control, locks and keys, ID badges,
responsibilities of security staff, other employees and contractors, disciplinary measures, inspections, incident
reporting, alarms, and liaison with local emergency response agencies. The Construction Security Plan will be a
controlled document with limited distribution. The Construction Security Plan will also refer to portions of the Public
Safety and Security Plan where the risks and forms of protection are the same.

w  Safety and security of the general public adjacent to the site during Construction. RTG will implement a security
and public safety program {o protect work areas from inadvertent or unauthorized entry into Project areas and to
ensure the public, motorists, business and the surrounding community are properly protected from the Works. This
will be described in a Public Safety and Security Plan specific to the OLRT Project. Fences, gates and barriers will
deter inadvertent and unauthorized entry. Additional protection will be provided if trees, stair towers or ladders
provide access to high-risk areas. The Public Safety and Security Plan will describe the protection o be used at
various Project areas as well as security monitoring requirements, and will dovetall with the Construction Safety
Plan and traffic management plans to ensure proper containments and signage are in place. The Public Safety and
Security Plan will be a controfled document with limited distribution.

Approach to Developing OLRT Rules and Reguiations

Compared o traditional heavy rall systems, where regulation and industry rules and procedures have developad over the
past 100 years, automated LRT systems typically operate on a much different basis and with more sophisticated systems.
Features of automated LRT sysltems include sophisticated monitoring and alarm systems, increased redundancy, and use
of self-diagnostic equipment. Thus, In many areas, the regulations, rules and operating procedures of heavy rail do not
apply to LRT. Although the goals and objectives are the same—1{0 ensure the safety of passengers, employess, the
environment, and the operation in general—the development of rules and regulation for LRT systems must be specific
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and consider the fealures, reliability, and the types of systems being provided, in addition to how much human
intervention is required or will be used in operating these systems.

The approach to developing OLRT Rules and Regulations will involve an analysis of the methods of operation, the
features and redundancies of the systems being provided, the monitoring and alarm systems being provided, the
recommendations from the designer's and supplier's O&M manuals, the amount of human involvement and intervention in
operating the systems, the physical features of the ling, and also the environmental conditions in the Oltawa area. A risk
register will be created that will identify the risks of operating and maintaining the OLRT system, taking into account this
analysis. It will also identify the potential impact of any associated failures. Rules and regulations will then be developed
to mitigate and control these risks, and to ensure public, employes, and environmental safety. A similar process was
undertaken on the Canada Line whereby the following rules and regulations were developed, filed for ministerial approval,
and adopted well in advance of service commencement:

Rail Operating Rules

Safety Management System

Train Inspection and Safety Rules

Guideway Inspection and Maintenance Rules

Tunne! Ventilation Inspection and Maintenance Rules
Accident and Incident Reporting Rules

Passenger Handling Safely Rules

Medical Rules for Positions Critical to Safe Operations
Rules Governing Safety Critical Positions

Work Rest Rules for Operating Employees

E BE B E E BE E B B B

RTG has full access to these rules and reguiations and many can be used as base documents in establishing similar rules
and regulations on the OLRT. Rules and procedures will also need to be in place before system T&C. T&C can also be &
proving ground for many of the rules and procedures that will be used during the operating period. Through the
Regulatory Working Groug, RTG will ensure that such rules and procedures are developed and in place to facilitate OLRT
T&C.

Scope, Activities & Processes
Safety Management System

RTG will lead the establishment of a Safely Management System (SMS) fully mesting reguiatory and contractual
requirements. The Regulatory Working Group will draft and finalize it Before revenue service commencement, the
Regulatory Working Group will be led by RTG, which will be responsible for making the application to the City. After
acceptance of the submission, OC Transpo will take over SMS administration and maintenance.

RTG will lead the development of Supporting Policy and Procedures, guided by existing proven and functioning processes
in full support of the Railway Safety Act, The Regulatory Working Group will draft and finalize them,

The Regulatory Working Group will establish SMS requirements 1o ensure agresment and common interprefation and
acceptance for the system, Additionally, input will be taken from the bid submission and conitract documents with roles
and responsibilities assoclated with the drafting, acceptancs, adherence o and maintenance of the SMS.

The SMS will be comprised of required policy and procedures to be implemented o provide safely assurance on an
ongoing basis and allow continuous improverment,

m  Objectives - To operate and maintain the OLRT with safety as the principal objective, the SMS will take direction
from both RTG and OC Transpo's Safety Policy on how to achieve the following:
- Meet mandatory requirements and good indusiry practice in maintaining a safe and healthy environment in
all places that RTG works, for employees, Passengers, contractors, suppliers, members of the public and
any other third party
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Ensure that a demonstrated competency system exists for all personnel to allow safe and professional job
performance for all normal, abnormal and emergency circumstances

- Clarify accountabilities and responsibilities for both the RTG and OC Transpo teams

- Maintain a consultative program with employees o encourage continuing involvement and teamwork within
the whole team in all safety-related matters, o further embed the safety culture. The Requlatory Working
Committee will oversee safely issues and ensure the appropriate configuration controls are in place
throughout the concession period.

Ensure that all significant risks to health and safely are identified and plans exist to reduce these fo
acceptable levels

- Work in parinership with OC Transpo and third parties to continuously improve OLRT safety standards

Safety planning - The Regulatory Working Group will conduct annual planning with clear safety goals to ensure
safety direction for the OLRT, Performance will be reported and reviewed in conjunction with the City for applicable
improvement actions.

Procedures - The Regulatory Working Group will produce procedures detalling all work which directly or indirectly
impacts the operation, maintenance and safety of Vehicles on the OLRT.

Training - The Regulatory Working Group will implerment an effective training program associated with all procedures
and subsequent changes.

Performance monitoring & incident management- The Regulatory Working Group will implement a safety data
recording and analysis process to monitor OLRT safety performance. Additionally, a formal structure will be put in
place for managing incidents: emergency response plans, investigation processes, cooperation processes for those
investigations requiring liaison between various parties, and mandatory reporting. The Regulatory Working Group will
review ali emergencies and incident records o assess whether system or procedural improvements are warranted.

Corrective/preventive action - The Regulatory Working Group will define and implement procedures to correct
deficiencies or make improvements, manage and document all necessary changes including changing procedures,
notify affected personnel, retrain if required, and follow up for monitoring.

Audits - A formal process for auditing will define activities and responsibilities for the initiation, execution, reporting
and foliow-up of audits and the resoclution of any corrective action requests. The audits will review key SMS elemenis.

Risk management - The Regulatory Working Group will maintain a risk registry and Risk Management Progess.
Before OLRT operation, RTG and OC Transpo will conduct a comprehensive system-wide risk based analysis on the
findings of the S8CP, the SMS, and the SeMS. This will identify risks to Passengers, employees and others; suggest
appropriate mitigation for unacceptable or undesirable risks; and provide a hazard log process for tracking and
managing all hazards. The systematic risk assessment is seen as core o the SMS. The Regulatory Working Group
will review any significant change to the infrastructure or Vehicles or main operating procedures o understand the
impact and agree on and establish appropriate controls. This process will involve all necessary parties {o assess risks
accurately and confirm appropriate controls. Hazard review and risk assessment methodologies will be used to
minimize risks and identify appropriate controls and mitigations. The RTG system-wide rigk assessment is based on
U8 Department of Defence Standard Procedure for System Safety (Mil Std -~ 882C). This risk assessment process
will start with documents provided by RTG during handover, most notably the Operating and Support Hazard
Analysis. After handover, these documents will be Kept up-to-date, and will address changes to OLRT systems,
equipment or procedures. Before service commencement, RTG will lead risk assessment. During operations, the
Regulatory Working Group will maintain the operating hazard log and lead periodic reviews to ensure that the rigks
faced during revenue service are known and addressed.

Stakeholder review process - To periodically review safely and the SMS, including identified risks,
recommendations, incidents and corrective actions.
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YWhile developing the SMS, we will also do initial development work on detailed courseware in parallel stages:

m Courses covering safety associated with operation and maintenance of alf assets
B General safety policy and rules

TVA

The Regulatory Working Group will commission an independent Threat and Vulnerability Assessment of the entire line
prior to commencerment of service. Independent security specialists will provide input as to what is seen as vulnerabilities
and priorities. This information will be used as a foundation for the Security and Threat Escalation Plan for the rallway.

S0P

The Standard Operating Procedures will be developed to cover all aspects of the railway operation as a foundation to
fraining. To be developed are the supporting Policy and Procedures, required for safe Operations and Maintenance of the
raitway. Operating Procedures will cover Normal, Abnormal and Emergency circumstances and detail responsibilities and
roles of the organization in each case. Maintenance procedures will address activities not detalled as work instructions
released with work orders. Activities which involved Cperations and Maintenance will be identified and drafled within the
Regulatory Working Group.

LRT Rules

The LRT Rules provide the high level guidance to the organizations in terms of what must be attended to. The Rules are
derived from the outcome of activities in Approach fo Developing OLRT Rules and Regulations

Fre-Revenue Safety Programs

Before revenue service, the SMS will not direct employees since applicable portions of the SMS will be implemented via
appropriate training. Employees hired to participate in T&C must fully adhere to T&C Safety Rules governing this work.
After ipitial safety training, employees will undergo on-the-job training (GJT) during which they will be given the
opporiunity to develop hands-on experience.

During construction, RTG will maintain demonstrated safety competancy of all personnel working on any sites. The
operating SMS will come into effect on commencemaent of service.

Testing Safety Knowledge

A key part of the SMS will be competency management and {raining, developed by the Regulatory Working Group and
provided for all staff in one of three sireams. The first stream will be for managers and this wili be a sirategic safety
management course. All managers will attend a 'Managing Safely’ course io give a good foundation in safety
management principles and how o manage their teams and workioad. The second stream will be for all supervisory staff,
who will altend the Supervisory Safety course giving them the skills to supervise and understand thelr safety
responsibiliies. The third stream will be for all staff, who will receive safely training when joining the OLRT Project and
additional safety briefings when underiaking new tasks or for any change to process, activity or legal aspect of their roles.
Specific training will also be identified for individuals that must be completed before being allowed to undertake the task.

During operation, OC Transpo employess will be tested regularly to assess thelr knowledge in safety, which will be used
hy the Regulatory Working Group to provide guidance and o comect processes and behaviours, At the conclusion of all
fraining, employess will be assessed and given the opportunity to demonstrate their new skills to ensure thelr competence
on the safety objectives. The Regulatory Working Group will sstablish criteria for demonstrated competency and minimum
levels of knowledge pertaining to safety. As specified In the SMS, employess will be required fo take refresher training at
specified intervals. Systems for monitoring training and maintaining records will be specified.

Safety Materials

Guiding safety policy and procedures will be the Railway Safety Act and its interprefation by the City. Additionally, the
Ocoupational Health and Safety Act and Ontaric Ministry of Labour regulations will underpin RTG employee and
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subcontractor Ocoupational Health and Safety policy {see Seclion 1.4), bxiensive use will be made of safely materials
provided by suppliers as appropriate. In some instances, safely materials will be developed by the Regulatory Working
Group that is specific to the needs of Operations or M&R.

Safety Schedule

A preliminary timetable for developing and implementing the agresd regulations and SMS is provided at the end of this
section. The safety timetable will be coordinated with the staffing plan/schedule to oplimize the time for training of all
hires. Additionally, the Regulatory Working Group will be formed early in the Project process fo initiate and establish
regulation. It will also have an ongoing role associated with Risk Management, Audits and investigations.

Safety Training

All Operations and M&R technical and procedural safety training will take place at the MSF and will be conducted by
gither RTG or OC Transpo staff or Vendor trainers. This fraining will prepare employses to undertakes their duties safely.
During execution of the safety iraining program, we will make extensive use of operations and M&R manuals, thereby
ansuring that irainees becoms familiar with and confident in using the formats and contents of these manuals and
suggested safety elemants.

Safety Needs Analysis

Every OLRT job will have a defined safely classification. The Regulatory Working Group will establish a thorough needs
analysis involving a study of all job descriptions, input from the managers, a review of the safety material provided by
suppliers, and a review of safety training provided o employees at similar transit operations. We anficipate that several
roles will be classified as safety-critical positions in accordance with the Railway Safety Act and derived regulations,
requiring special recognition, training and monitoring.

Visitor and Contractor Safety Training

Before access s granted to any OLRT property, visitors must undertake basic safety training and receive an identifving
badge. The Regulatory Working Group will establish safe practices and policy to ensure employee and coniractor safety
while working on the CLRT. Contractors expected to work on OLRT property without continual supervision will require
training appropriate for their work location and activities. Managers admitting contractors and visitors will be responsible
for ensuring this training ocours.

Common Safety Procedures

We propose fo develop one Safely Management System, incorporating both Rallway Safely Act requirements and
Cooupational Health and Safsty Act requirements. There are safety courses that all emplovess will be required to take elther
before or shortly after service commencement. The purpose of these courses is to ensure that ali smployses understand
their obligations under the Rallway Safely Act and the Occupational Health and Safety Act for safely and Company Policy
Rules and Procedures; for example:

OLRT orientation

General safety orlentation

Rules and procedures

First aid

Emergency procedures {espedially fire and building evacuation)
Workplace Hazardous Material Information System (WHMIS)

OH&S Rules to be addrass are identified in Table 5.1-14 below
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Table 5.4-14 | OH&S Rules
Working at heights

Working in Stations {e.g. use of ladders, slevalors/escalators risks, vent fans)

Working in confined spaces

Control of contractors Working with electricity and lockoutitag out
Working hours and fatigue control Air and water quslity
Safety on the track Fire {.q. hazards, prevention, extinguishers, drills)
Use of company road vehicles | | Use and maintenance of ifting equipment
Use of hand tools Safety-critical positions

Security Management System {SeMS)

RTG recognizes the unigue security challenge of operating an LRT system in the National Capital of Canada, a G8 country
with world-wide influence and frequent host to many dignitaries and foreign guests. Ensuring the safety and security of the
public, Passengers and employaes is a key RTG objective. Additionally, other key Stakeholders require assurance that
security has been addressed and that all reasonable efforts have been taken to mitigate threats.

To augment the security features designed and bullt info the OLRT, a comprehensive Security Management System {SeMS)
covering all OLRT operations and property will be developed 1o provide Securily Assurance. in addition, security policy and
practices will be written documents and form the basis of OLRT security training. The SeMS will meet these objectives:

m  Act as a principal reference for managing security activities

B Provide RTG and OC Transpo with a reference for reviewing security objectives, plans and schedule with others
B Act as a standard for Security during revenue service to protect the public, Passengers and employees

B Guide the identification and assessment of all activities affecting security

The Regulatory Working Group will have responsibility for the foliowing:

B Ensuring that a Security Threat Assessment is conductad on the OLRT and that the outcome is addressed as a
part of the SeMS

Providing direction for security activities

Participating in management discussions regarding security

Managing, coordinating and scheduling security mestings

Executing the RTG and OC Transpo SeMS and ensuring it is understood by the City to allow submission for the
Operating Permit

m  Revising the SeMS, iis schedule and maintaining document control as necessary

SeMS requirements are derived from Transport Canada guidelines for Urban Transit Security with input from experts in
transit security. The SeMS will be part of RTG and OC Transpo’s means for ensuring OLRT safety and security. The
SeMS is comprised of elements providing ongoing Security Assurance and allowing ongoing review and assessment of
threats:

Security Policy — This Policy from RTG and OC Transpo gives direction to the Regulatory Working Group for the
SeMS to ensure that security is a priority, It gives the organization direction on how to do the following:

- Be mindful of security along the entiraty of the OLRT system

- Meet mandatory requirements and good indusiry practice in maintaining a secure operation
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- Establish a SeMS dlearly allocating accountabilities and responsibilities to the Requlatory Working Group

- Maintain a consultative program with exiernal agencies that share responsibility for security in the
community

- identify all significant risks to security and plan how to reduce these to acceptabls levels

Work in parinership with each other and third parties o continuously improve OLRT security standards

g Security Planning - Annual planning with reviews of OLRT security risks will focus on making risk assessment a
standard practice. Additionally, special focus is placed around special City evenis o ensure that reasonable
measures are taken in compliance with other security agencies.

#  Training - Implementation of an effective security training program.

w Incident management - Implementation of a formal structure for managing incidents will include emergency
response plans with review and agreement with smergency responge agencies, investigation processes and
cooperation processes for those investigations requiring linison between various parties and mandatory reporting.
The Regulaiory Working Group will review all emergencies and incident records to assess whether system or
procedural improvements are warranted.

# Corrective/Preventive Action - Implementation of procedures to correct deficiencies or make improvements in
security, to manage and document all necessary changes including changing procedurss, to nofify affected
personnel, to retrain if required and foliow up for monitoring.

#  Audits - A formal process for assessing security and auditing security aspects of procedures. This will apply to all
audits whether conducted by RTG and OC Transpo staff or on thelr behalf. Audits will review all key slements of the
SeMS and comply fully with the stipulated requirements of the Delegation Agreement.

& Initial threat assessment - Independent security specialists will conduct a comprehensive system-wide security
threat assessment on the OLRT, identifying threals fo Passengers, employess and others and suggesting mitigation
for upacceptable or undesirable risks. The Regulatory Working Group will maintain a log of vulnerabilities and
suggested mitigating actions. Systematic risk assessment is core 1o the SeMS. Any changs to infrastructure, Vehicles
or main operating procedures will require review to understand any security impact and agree on and establish
appropriate controls. This process invelves all necessary internal groups and external agencies o assess risks
acourately and confirm appropriate mitigating actions. Threat analysis and risk assessment methodologies will be
used to minimize risks and identify appropriate controls and mitigations. The system-wide risk asgessment will be
based on Transport Canada’s guideline, “Transport Canada Rall and Urban Transit Security Threat Risk Assessment
Guideling”, or as deemed appropriats by the City,

w  Ongoing threal assessment - The seourity threal assessment Is an ongoing assessment based on known
vuinerabilities and police input relative to known threats. A threat escalation process is maintained and implemented
commensurate with identified need. Al least one member of the Regulatory Working Group will require security
clearance to receive sensitive information,

# Review process - Secuwrily and the SeMS will be reviewed periodically for identified risks, recommendations,
incidents and corrective actions.

w  Document controls — These will restrict SeMS access o appropriate personnel.
Security Training

The propossd competency management and training model applies to the SeMS. Security training will be provided for al
staff in one of three streams. The first stream will be for general awareness associated with security on the OLRT and the
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obligations pertaining to all employees. The second siream will be for all OLRT employees, who will atlend a course given
as foundation in security management principles and thelr role in helping to monitor activities along the OLRT. The third
stream will be for all Regulatory Working Group members involved in the Risk Management processes of RTG and OC
Transpo, who will undergo additional training in their responsibilities. All staff will have security training when joining the
OLRT Project and additional security briefings when undertaking new tasks or for any change {o process, activity or legal
aspect of thelr roles where security is an issue, All employees will require refresher securily training at regular intervals,
which will be scheduled as part of their training matrix.

Yisitor and Subcontractor Training

Managers admitling visitors and subcontractors will be responsible for ensuring the following:

B Visitors receive and visibly display a badge at all times while on premises, and are escorted while on OLRT property.
Visitors will be the responsibility of the person accepting them on premises.

m Subcontractors expected to work on OLRT property without continual supervision receive training appropriats for their
work location and activities.

Security Materials

Security policy and procedures will be in accordance with the Railway Safety Act and its interpretation by the City as well
as by policing agencies. Additionally, input will be faken from external agencies and organizations such as Transport
Canada, which sets standards for railway operations. We will make extensive use of security materials provided by such
groups, including training materials. In some instances, security materials may be developed by the Regulatory Working
Group specific to the operational neads of employes groups.

Security at MSF
identification Badge

RTG and OC Transpo employees must be able to produce identification (D) issued fo them as a condition of
employment. This 1D badge will aclivale 2 network of secure gales and doors. Al the MGF, only employess with
permission to enter restricted areas {e.g. electrical equipment rooms, Control Room), will have badgss programmed to
allow this entry. Additional security measures will be taken asscciated with managing employse badge loss and
deactivating them,

MSF Exterior Physical Security

The perimeter will be fenced o delimit the premises and deter infrusions. The fence will be armed with infrusion-detection
technology and the perimeter and yard will be monitored with cameras. Ormamental plants {e.g. bush, trees, and flowers)
will be maintained In a way not fo nsutralize the current securily system; for example, bushes will not be planted o
obstruct surveillance or to prevent intrusion detection. Crime Prevention through Environmental Design (CPTED)
principles will be used to assist in this function. The use of a clear zone around the perimeter of the facility will improve
natural surveillance and increase the probability of detection.

Perimeter Gales

All gates will be reception controlled at entrance and with control room backup. Authorized entry to the MSF site will be
made via 1D badge.

Cutside Detection System

An electronic detection system and additional sensors will monitor the perimeter fence and inside the fenced area to
detect unauthorized entry and suspicious activity.
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Yideo Survellfance Sysfem

Video surveillance {network video recorder, moblle cameras and fixed cameras) will monitor key areas of the MSF
Building and each Station for full coverage of public areas. Images will be viewable from the Control Room and other
astablished areas. The CCTV system used on the OLRT will be designed to monitor operation for safety and security.

Yideo Records

Video records are a sound evidentiary tool that can assist law enforcement and others in investigations of incidents, but
remain a reactive measure to most security incidents. Guideway intrusions will trigger cameras at Stations, as will certain
alarm conditions, and bring up images for Control Room personnel. The Regulatory Working Group will establish
operating practices for the retention of any recorded images, consistent with reguiations and operating permits.

Security Conlrol — Main Building

To protect against internal employses having access fo sensitive areas of operations, certain security protocols and
squipment will be protected with secondary access restrictions.

Security Needs Analysis

Every OLRT job classification will require some level of security awarsness and training. It is anticipated that assigned
levels of security alert by policing agencies will change from time-to-time including during special events which may
necessitate a different level of vigilance and staffing associated with security. These will be addressed via a Security
Escalation Process to be developed by the Regulatory Working Group,

Accass Controf

The OLRT will have different levels of access restriction. As shown in Table 5.1-15, personnal will have screening
conducted appropriate for the level of access given, The Regulatory Working Group will determine who should receive
keys and access to the any parts of the line and develop a system for recording and tracking same.

Table 5.1-15 | Access Restrictions by Zone

1 To enter main compound and facility Badge

2 Zone 1 plus Control Room Badge

3 Zone 1 plus Common Areas of station facilities Badge

4 Zone 1+ Zone 3 plus Ancillary Spaces Badge

5 Security holding room at stations Police only with Badge/key
6 All zones Badge/keys

Mreliminary Regulatory Timetable

The preliminary regulatory timetable is shown in Figure 5.1-3.

SECTHON 8.1
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Figure &.1-3 | Preliminary Requiatory Timetable

Regudatery Timelable
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5.2

Y DESI

Rideau Trangit Group’s (RTG) lead design feam members SNC-Lavalin and MMM Group will deliver a3 complete

guideway design solution tailored to suit the OLRT Project and to effectively integrate the structural, civil, alignment,

trackwork, systems and landscape elements. Designed to oplimize Vehicle performance and enhance Passenger ride

comfort, the alignment offers the following features that distinguish RTG's solution:

® A golution geared to Alstom’s Citadis 100% Low Floor Light Rail Vehicle, with a top operating speed of 100 km/h;
the only service-proven vehicle to meet both top speed and 100 percent low-floor criteria.

A Vehicle and alignment solution that achieves an end-io-end trip time under the 24-minute requirement {including
dwell imes at Stations)

A refined Station and alighment configuration at the Blalr terminus Station that supports 105-second operating
headways

# An integrated alignment, Station and Vehicle solution based on operating a modular two-car 97.5 m Vehicle
consist, fitted to 5 90 m-long platform during operating scenarios one and two, and requiring only a 10 m Vehicle
and platform extension fo fully maeet the Ultimate Ridership demand

RTG's integrated quideway, Stations and Vehicle design solution offers superior Passenger comfort, efficient and
reliable service, improved urban infegration, and reduced future system-expansion costs.

Horizontal and vertical alignment design is based on performance, Passenger comfort, Vehicle criteria, safety, and
maintenance factors. Track geometry has been designed to optimize speed, track centre spacing and curve transitions,
while following design guidelines in Project Agreement (PA) Schedule 15-2, Part 2, AREMA Track Standards, and the
recommendations of TCRP Report 57.

5.2.1.1 Horizontal Alignment Design
Vehicle Criteria

The horizontal alignment design is limited by the design Vehicle specifications. The following criteria are based on the
selected Alstom Cliadis Vehicle:

& Minimum distance from platform {o horizontal curves = 15 m desirable minimum; 12 m absolute minimum based on
maximum track centres

Roll rate = 1.0 deg/sec desirable; 2.0 deg/sec maximum

Twist = 0.0019 radians/m desirable; 0.0038 radians/m maximum

Mainline = 150 m radius, desirable minimum; 95 m radius, absolute minimum
MSF connecting track = 55 m radius minimum

Yard track = 35 m radius minimum
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B Turning radius of Vehicle = 25 m radius minimum
RPerformance

The horizontal alignment has a maximurm design speed of 100 km/hr. Speed Is oplimized for end-fo-end run time and
switching at the terminal Stations, and emergency crossovers ars designed and located to meet operational and single-
tracking requirements. Crossovers at terminal Stations are designed and located to mest operational headways and
turn-around times including the realignment of special trackwork closer to Blair Station for lower turn-around times.
These design factors allow consistent and optimal Train service between Stations and throughout the system.

Pagsenger Comfort

Passenger comfort is based on many factors, Our horizontal alignment design meets the following comfort criteria
drawn from the PA and from our own experience. Wherever pogsible, desirable criteria wers incorporated.

E Length of fully super-elevated horizontal curve = greater of 30 m or 0.5 V desirable

B he desired and maximum actual super-elevation = 150 mm for ballasted irack, direct fixation or embedded track
® |he maximum unbalanced super-elevation = 75 mm daesirable; 115 mm maximum

m Lateral accsleration = (.05 ¢ desirable; 0.075 ¢ desirable maximum; 0.1 g absolute maximum

w Lateral jerk = 0.034 g /sec desirable; 0.05 g /sec maximum

B Roll rate = 1.145 deg/sec desirable maximum

Safety

Train spesd through tangents and curves s determined by the geometric design. The selection of unbalanced super-
elevation of 115 mm will ensure that the design is well within safe-spead criteria. Sight distance is not a requirement
based on the Automatic Train Protection system.

Maintenancs

Geomelric design has a strong influence on constructability of trackwork and track maintenance. The following criteria
take into account constructability, physical Train negotiation, and track maintenance;

m Tangent length beyond switch/frog for horizontal curves = & m ahead of switch point and beyond last long ties; 2 m
beyond hesl of frog under constrained conditions, minimum

m Tangent length beyond switch/frog for vertical curves = 3 m abead of swilch point and beyond last long ties;
minimum

e Tangent length belwsen back-to-back swilch points = 20 m preferred; 12 m minimum based on maximum truck
cenires
Transition zone between ballasted and direct fixation track for special trackwork = 50 m dasirable.
Whes! curving force considerations at special trackwork = 0.04 g lateral acceleration desirable; 0.05 g maximum.
Curves less than or equal to 145 m will be protected by restraining rail.

- Restraining rail in the MSF yard is not a requirement as the speed is limited to 15 km/h In non-revenue

territory,
5.2.1.2  Vertical Alignment Design
Yehicle Criteria

Vehicle spedcifications and performance influence the design of the vertical profile of the track. The design Vehidle
presents the following design criteria to vertical curves and tangents:

m  Minimum distance from platform to vertical curves = 15 m desirable minimum; 12 m absolute minimum based on
maximurm track centres

B Vertical tangents = 12 m absolule minimum based on maximum tfruck cenires
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#  Sustained unlimited length grade = 4.0 percent maximum
# Maximum sustained grade up to 750 m = 6 percent maximum

Ferformance

System performance is influenced by the vertical grades on which the Trains travel. For mainline and MSF connecting
tracks, the desirable maximum grade is 4.5 percent and the maximum design grade is 6.0 percent, Due o geometlric
constraints in the MSF connection track, there is a 150 m saction of track at 6.0 percent grade. The maximum grade for
MSF storage tracks is 0.3 percent but the designed grade is 0.0 percent for the entire vard.

Massenger Comfort

Passenger comfort is taken into account in the design of vertical curves and follows these criteria;

g€ B 8 B

Langth of crest curves = 30 A preferred minimum; 0.005 AV? minimum

Length of sag curves = 30 A preferred minimum; 0.003 AVZ minimum

Vertical acceleration = 0,018 g desirable minimum based on AREMA Sub-Committee 8 recommendation
Vertical tangents = greater of 0.57 V or 30 m desirable

Traing approaching Stations often navigate through both horizontal and vertical curves. The horizontal alignment is
designed such that a minimum horizontal tangent length of 15 m is provided beyond all Station platforms to provide
sufficient running clearances between the Alstom Ciladis Vehicle and the platforms. Similarly, a minimum vertical
tangent length of 15 m extends from each platform.

Geometric constraints such as overhead structures and underground ulilities at Tunney's Pasture, St Laurent, and
Blair limit the vertical elevation the track can be designed, while transit structures and Siation design requirements
influence the positioning of the Station and the horizontal alignment going info Stations.

Figure 5.2-1 - Transifion between Direct
Fixation and Baflasted Track

THE PROPOSED OTTAWA LIGHT RANL TRANEY rrOJECT: TUNNEY'S PASTURE TO BLAIR STaTiOR

Direct fixation is provided in the downiown tunnel, on the twin-cell
culvert through Tunney's Pasture, through the Bayview aerial
section, and on the Rideau River Bridge. Direct fixation was also
used for the VIA Rall underpass on the MSF connection track.
Ballast has been used everywhere elge.

There are varlous guideway transitions, including at-grade fo
underground, and at-grade to aerial. The guideways transition
between direct fixation {DF) track and ballasted track as shown in
Figure 5.2-1. A reinforced concrete transition slab of 6 m minimum
will be used atf the end of the DF tracks to gradually fransition from
the relatively stiffer DF track to the relatively softer ballasted track
and avoid an instantaneous change, which would cause *hammering”
on the track structure and setflement of the ballast and subgrade.
The concrete lie spacing will be reduced to 685 mm to provide
additional stability and an increased track modulus {a measure of the
vertical stifiness of the rail foundation), subject to detailed design.
The track modulus for DF has been chosen o be in the same order
of magnitude as ballasted track to minimize track detsrioration, and
ballasted track settlement is contained by using the transition slab.
Periodic inspection and resurfacing will be required to avoid

SECTION 5.2
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‘oumping” track conditions during operations. The transition between track types Is a proven design based on our
experience in Calgary and Edmonion, where frack and supporting infrastructure do not degrade prematurely at these
transitions.

For safe and reliable operation, our rack design approach uses a combination of architectural landscaping, guideway
design, frack geomsetry, track siructure, and periodic maintenance of the track formation o minimize the bulld-up of
snow, ice, and vegetation on the track and guideway.

in winter, hol-alr switch blowers in the MSF will be used to maintain switch operations. A positive cross-slope of
3 percent on ballast and sub-ballast and a positive cross-slope of 2 percent on at-grade base slabs, aerial structures,
and tunnel structures will carry water away from the track structure. Positive drainage along the length of the guideway
and periodic ingpection and maintenance of track formation and drainage outlets will ensure proper drainage. Proper
drainage of ballasted track allows particles and debris to flow out of the ballast, whereas improper drainage leads to
contaminating and eventual deterioration of the track structure. Plinths in DF track also help prevent accumulation of
precipitation and vegetation growth. A higher track elevation relative to adjacent land will be maintained where possible
and the height of rail from guideway surface will be optimized. Where there is anticipated vegetation growth or
migration of fines from surrounding soils, track ballast will be separated from existing ground In open-cut areas with
geotextile fabric. Leaf drop on the quideway will be minimized by providing appropriate architectural landscaping and
selacting vegetation that requires minimum mainienance. Vertical grades and the length of excessive grades that are
ot protected from the environment will also be minimized, especially where we anticipate vegetation debris.

The vehicle dynamic envelope of the Alstom Citadis Vehicle addresses all Vehicle failure modes under the worst case
scenario of Vehicle fallure and track conditions. The esiablished clearance envelope included all track construction
tolerances, curving effects of the Vehicle with the maximum assumed super-elevation and the vehicle running
clearance. The structure gauge used by RTG to develop the track centres and clearances 1o structures included the
clearance envelope, structure construction iolerances, as well as the required clearance to structure as established by
PSOS standards.

Calculations have been performed to meet all Vehicle clearance requirements while oplimizing the al-grade,
underground, and asrial quideway design. The clearance envelope is the space which only the Vehicle can occupy and
the structure gauge is the minimum distance between the centreline of track to a point on a structure. The formulas for
calculating these are shown below, along with the calculated clearance envelopes and structure gauges based on the
design Vehicle:

m CE {Clearance Envelops) = YOE+TT+C&8+RE, where!

- VYDE = vehicle dynamic envelope

- 1T = track construction and maintenance tolerances of 37 mm

- (&S = vehicle curve {inswing and outswing) and super-elevation effects of 160 mm
- RC = vehicle running clearances

SG (Structure Gauge) = CE+8C+8T+AA, where:

- CE = clearance envelope

- 50 =required clearance to wayside structure
- 8T = wayside structure construction tolerance
- AA = gooustic allowance

By taking into account running and wayside clearances and construction tolerances, the minimum frack centres can be
determined. The emergency walkway is also a factor in the running clearance and is measured to the Vehicle envelope.
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The walkway envelope is 610 mm wide at grade level, 760 mm wide at 1.42 m height, and 610 mm wide at 2.025 m height
based on NFPA 130.

The vertical clearance from fop of rall to overhead structures is 4500 mm nominal with a minimum of 4460 mm under
transit structure at Tunney's Pasture. The nominal clearance from top of rall to tunnel roof is 4700 mm using rigid
condugtor rail,

The level of stray current is determined by the linear resistance of the conductors {running rails} to which the negative
return current will induce a voltage along the running rail and the resistance of running rails to ground insulation, To
minimize the level of stray current, the linear resistance for the negative return current will be made as low as possible for
a given rail by providing electrical bonds around moving points and other mechanical connections in special trackwork as
well as by providing cross-bonding between tracks to equalize the return current betwaen all rails, The insulation between
running rails and the siructure or ground will be made as high as possible by providing insulated track fasteners with
sufficient and non-bridgeable surface fracking distances between charged and grounded components. Track switches are
provided with insulated rods where connected to the rail.

On OCS systems, stray current can never be eliminated but must be minimized. There will always be some stray current
which will leave the rall and conduct along the structure to ground. To minimize the corrosive effect of stray current in
guideway structures, the metal in the structures will be provided with bonding such that it is electrically continuous along
the structure. This will be done by installing continuous bonding conductors along each track, providing bonds to the
rebars at most 30 m intervals as well as at any discontinuities of the structures. These measures will ensure the metallic
reinforcements in the structure are electrically continuous and aliow stray current to flow along the structure, thereby
minimizing the stray current flowing into the ground. For ballasted track, isolation will be provided between the running rail
and concrete te. Clean placed ballast will provide additional insulation against stray current. For ballasted track on
structures, an insulating membrane will be placed betwsen ballast and structure,

For the mined tunnel, where metal reinforcements in the segmants will be difficult fo bond together, metallic 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, thereby minimizing siray current flow oulside the structure.

Proactive and diligent maintenance is key in dealing with stray current. Insulators and fasteners will be kept clean of
debris and washed regularly to prevent build-up of rail particles, salt and dirt. Guideway drainage will be designed to
prevent standing water.

System elements including signaling, OCS, cableways, and swilch heaters have been designed to fit within the
guideway. Signals will be installed around special trackwork, on walls of trenched sections, and are free-standing on
at-grade sections. The CBTC wayside radio infrastructure will be mounted on OCS poles or separate poles/mast. OCS
poles will generally be between the iracks along the mainline; except in areas where the track diverges and in special
trackwork areas. OCS supports mounted on the tunnel ceiling by elastic supports in tunnel and french areas and
underpass sections, fransition fo elastic supports to accommodate the low vertical clearance. Cableways vary through
the system depending on the supporting guideway type. Underground ducts or cable trenches will be used in at-grade
sections; cable trays are used in elevated guideway and bridge sections; and cable trenches and embedded ducts will
be used along tunnel and trench sections. Electric hot-alr blowers and ducts will be mounted adjacent to switch poinis
within the mainline guideways and gas switch heaters and ducts will be installed in the MSF. The various infrastructure
supporting signaling and communications equipment and electrification will be designed to effectively service systems
components.

SECTION 5.2
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Where feasible, retaining walls have been specified to ensure that the grading foresiopes and backslopes are contained
within the ROW (lands provided). RTG confirms that the alignment is designed within the lands provided except at the
incations listed below, which are also identified on the drawings in Package B2 ~ Design Submission Part 2 -~ Yolume 1
{of 4):

B Grading Easements - At cerfain locations along the OLRT alignment, RTG has identified grading easements for
the backslope of the guideway ditch. The grading easements are located on City property and are specified to limit
the extents of retaining walls and ensure proper drainage of the OLRT guideway.

B LeBreton Station - Additional property is required in the southwest and southeast quadrants of LeBreton Station.
The additional lands being contemplated belong to the City and appear to be available. Discussions with the City
on this property acquisition have been initiated,

w  MSF Access Track - As indicated on drawing 1200-41DD-84-1002-FP, additional property is required on the east
side of the MSF Access Track alignment in the southeast quadrant of the Belfast Rd./Tremblay Rd. intersection.
The additional lands being contemplatad belong to the City and appear to be available. Discussions with the City
on this property have been initiated.

w OLRT Mainline Alignment - As indicated on drawing 1200-41DD-85-1003-FB, additional property is required on
the south side of the OLRT alignment from approximately 110+180 to 110+350. The additional lands being
contemplated belong to the City and appear to be available. Discussions with the Gity on this property acquisition
have been initiated.

The following alignment drawings are provided in Package B2 ~ Design Submission Part 2 - Volume 1 {of 4);

Key plan & legend
Yertical alignment for tunnel

Continuous plans at no less than 1:1000 scale showing LRT alignments with curve data and locations of key
features such as spedial track sections, turnouls, embankment grading and other key features

Profiles at no less than 5H:1V and no less than 1:200 vertical scales
Schematics of guideway types in plan and profile
Typical sections at major intervals

These drawings are provided as composite drawings showing the trackwork and the guideway drawings to demonsirate
coordination between these elements.

RTG’s structural design approach for new civil structures, modifications to existing civil structures, and the strategy for
construction/erection of the proposed structural elements will comply with the PA, with its main focus on achieving the key
criteria specified in PA Schedule 15-2 Part 1, all performance criteria specified in PA Schedule 15-2, and the maintenance
and turnover reguirements specified in PA Schedule 15-3. The design philosophy prioritizes safety and reliability of
structures to provide a safe and efficient design, in part by minimizing the required maintenance and eliminating the need
for system closure for rehabilitation during the Maintenance Term.
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5.2.10.1 Preliminary Design Brief
Design Approach and Criteria

RTG’s Design Team understands that PA Schedule 15-2, Part 1, Article 21 represents the minimum design criteria and
system requirements based on the Reference Design, Our Team has developed a System-specific set of design criteria
compliant to PA Schedule 15-2, In accordance with PA Schedule 3, Part 1, Articls 5.2.

This section of the Design Report describes the structural approach to design of the new structures, modification to
existing structural elements and the strategy for construction/erection of structural elements. Below, the siructural
approach narrative demonstrates how the designs will conform {o the technical submission requirements,

Design Codes and Standards

The design for new bridge structures carrying the Alstom Citadis Vehicles and the evaluation of sxisting structures that
will carry these Vehicles will conform to the Canadian Highway Bridge Design Code {(CHBDC) CAN/CBA-S6-08,
supplemented by the AREMA Manual to incorporate LRT and rall structure loading. New bridge structures not subject to
Alstom Citadis Vehicle loads will be designed in conformance with CANICSA-86-06 In conjunction with MTO Structural
Manual for more site-specific requiraments,

RTG’s OLRT Bridge Structural Design Criteria will deliver these oulcomes:

Maet the requirements of PA Schedule 15-2, Part 1, Article 21
Clarify conflicts between reference documents in PA Schedule 15-2, Part 1, Article 21.1 (2} and Article 21.2
Clarify modifications to CAN/CSA S8 to address fatigue requirements for mass transit systems and the system-
specific design

& Clarify modifications to CAN/CSA 86 to address seismic design requirements for mass transit systems and the
system-spedific design
Provide the system-specific structural design loads, Live Load Vehicle, Maintenance Vehicle, and live load factors
Provide criteria for all ransient load and rail specific loading not included in CAN/CSA S6

Loads

Bridge structures carrying Alstom Citadis Vehicles will be designed for Alstom Citadis Vehicls loading in accordancs with
PA Schedule 15-2 and are to be checked for the highway vehicle loading of CL 625-ONT according to CAN/CSA-56-06.
Bridge structures carrying road vehicles will be designed for the highway vehicle loading of CL 625-ONT. Existing
structures will be evaluated o determine that they can accommodate both the CL 625-ONT design live load and the LRT
live loads. Plers of bridges carrying Alstom Citadis Vehicles that are within 3 m of an adjacent roadway will be protected
by suitable barriers or be designed to withstand a static force of 1,000 kN, Bridgss over the LRT guideway and the O-
Train will be protected by a crash wall if they are within 6 m of the frack centreline,

Dynamic Performance Regquirements

The design of the proposed new shructures incorporates provisions for deflections and vibration conirol as defined in PA
Schedule 15-2. The firstmode natural frequency of flexural vibration for all new bridge structures conforms to PA limits
and requirements. Review of the vibrations and deflections for existing structures has been performed based on the
criteria spedcified in PA Schedule 15-2.

Selsmic

Per PA Schedule 15-2, new bridge structures will be designed to meetl the Emergency Route importance category.
Existing bridge structures will be designed to meet the “other bridges” category for selsmic lnading per CAN/CSA-56-06,
except those listed as exceplion cases which will be designed to meet the Emergency Route importance category.

Existing overpasses proposed o camry the OLRT will be seismically refrofitted in conformance to an Emergency Route
importance category if they are not found to be structurally satisfactory for all other loading combinations.
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Minor clarification and modifications to the CAN/CSA 56 are required to address seismic design requirements specific for
mass fransit systems and the system-gspecific design, including defining the Emergency Route classification and
addressing the probability of the presence of live load during a seismic event.

The Emergency Route classification requires, at a minimum, the structure to be open to emergency vehicles immediately
after an earthquake with a return period of 475 years. This definition is generally intended for highway structures and,
therefore, the following performance criteria {per CAN/CGA 56 Section 4) will be considered in the design. Emergency-
Route bridges should be predicted o withstand the major design earthquake event with moderate or less damage, where
“moderate damage” is defined as: damage that does not cause collapse of a bridge and following which the bridge can be
repaired to full strength without full closure and limited access to normal traffic is available within a few days.

Design Life

All guideway structures, including new and existing bridge structures, new and existing retaining walls and all portions of
elevated guideway, will have a minimum Design Life to meet CAN/SCA $6-06 including Supplement No, 1, May 2010, To
improve durability, concrete structures with appropriate reinforcement types will be used for new bridges. Consideration
will be given to drainage, de-icing and reinforcement corrosion effects on structure design life.

Any existing structure that will support the OLRT system and that does not mest design reguirements will be rehabilitated
to provide adequate structural capacity, dynamic performance, seismic capacity and the required design life. The seismic
retrofit of existing bridges fo carry the Alstom Citadis Vehicles will conform o standard practices for rail structures. Al
bridge structures carrying these Yehicles will have a depressed approach slab to permit the transition between ballasted
track and the DF track used on the bridge structurs,

New Structures
Pedestrian Bridge Adjacent to Holland Avenue

The new Pedestrian Bridge will allow for pedestrian flow above the transitway at Tunney’s Pasture Station. The bridge
structure will be west of the existing Holland Avenue Bridge; will span the same distance of approximately 24 m and have
a similar depth to that of the Holland Avenue Bridge. Bridge design will be closely coordinated with Station design.

Booth Street Overhead Bridge

The new Booth Sirest Bridge will allow road traffic to overpass the OLRT, LeBreton Station and the adjacent aqueduct.
The general arrangement and structural details for the proposed structure are shown in the appended structural drawings.
Key design considerations include the location of the existing subsurface covered aguseduct crossing, the existing cycling
and pedestrian pathways along the aqueduct, the existing subsurface utiliies crossing under Booth Shrest, and the
integration with LeBreton Stalion. Structural analysis was performed to ensure the proposed structure will meet PA
loading requirements. Preliminary response spectrum analysis was performed to ensure the structure will meet the
seismic importance category of Emergency Route structures, as defined in CAN/CSA-86-06. To provide structural stability
and avoid conflict with the existing agueduct and wtilities below, we propose drilled caissons, socketed into bedrock, for
pier foundations. To protect for fulure adjacent development, we propose relained soil system (RSS) walls o run the
length of both the north and south bridge approaches.

Hurdman West Elevated Guideway and Hurdman Station Guideway

The Hurdman Elevated Guideway is a new structure running from the south approach to the Rideau River Crossing fo the
east end of Hurdman Station. The slevated guideway is immediately adjacent to Hurdman Station, a Federally Mandated
Station. A context-sensitive design approach has been implemented for the guideway, considering Hurdman Station’s
architectural theme and surrounding features. Design features include: an open shucture; low profile/slender
superstructure, consistent substructure details, and open ralling. The proposed design addresses the poor subsurface
conditions and the potential high corrosiveness of the solls. RTG has investigated an alignment o oplimize the design
and cost of the elevated guideway and minimize overall impact on adjacent lands. The proposed alignment involves
implementing approximately parallel alignments spaced at 4.2 m through the curved part of the Hurdman Elevated
Guideway and alignments spaced at 4 m in the vicinity of Hurdman Station. The general arrangement of the proposed
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alevated guideway includes: a single superstructure with composite concrete deck, CPCI prestressed beams, shared
substructures, ballasted track, centre-mounted catenary, deep foundations-drilled caissons o bedrock, vertical and
horizontal clearances o mest the requirements for the joint use and fulure access road crossing below the elevated
guideway.

Hurdman East Overpass

The Hurdman East Overpass is a new structure east of Hurdman Station. To reduce overall structural width and costs, our
proposed guideway alignment consists of parallel alignments spaced at 4.2 m through the struclure. The general
arrangsment for this structure includes: a precast girder structure, centre-mounted catenary, and vertical and horizontal
clearances 1o meet access road requiremsnis.

East VIA Loop Bridge

The East VIA Loop Bridge is a new structure sast of Train Station, The proposed general arrangsment for this structure
includes: concrete jointless rigid frame, light pole and sidewalks on the deck to continue existing services.

MSF Access Track

The MSF line connects easthound and westbound OLRT linss to the MSF, located south of the Via Rail line. The track
profile is below existing grade and requires structures along a length of approximately 420 m.

The alignment is under and adjacent to Belfast Road and a high-voltage overhead power line runs along the alignment to
the sast and crosses to the west just prior fo the VIA Rail grade separation. RTG’s design proposes a single-cell, single-
track, cut-and-cover tunnel; a two-cell, dual-track, cut-and-cover tunnel U-section founded on rock; and finally a single-cel
double-frack tunnel crossing under the Via Rail lines. Due to the double sump nature of the tunnel and its low relative
elevation, drainage will be captured at the sumps and pumped to the sanitary sewer on Tremblay Road. The known
swelling characteristics of the Billings shale comprise a geotechnical constraint on design at this site. The issue has been
addressed through a design that mitigates groundwater drawdown so that the shale is not exposed o oxygen.

Maodifications to Existing Structural Elements
West Transitway Twin-Cell Box Culvert

The sxisting West Transitway Twin-Cell Box Culvert is a reinforced-concrete box culvert constructed below the existing
transitway approximately between Northwestern Avenue and Merfon Street. The general arangement and structural
details for the proposed styucture are shown in the appended structural drawings.

Based on both the Condition Assessment and Renewal Options Analysis Report by MeCormick Rankin Corporation
{2005) and the Renewal Options Report by Delean (2010}, RTG has noted the following significant issues pertaining to
the existing structure:

Damage to waterstops and foam joint filler al many expansion joints, spaced every 30 m

Deterioration of concrate and corrosion of reinforcing steel within the haunches adjacent to many expansion joints
Localized concrete deterioration of the interior slab soffit and walls

Erosion of the concrete walls near the waterline in the north cell of the culvert

Deterioration of concrete and corresion of reinforcing steel within the slab soffit adjacent to many catch basin inlets

g2 B B 8 B

Structural analysis was performed to ensure the existing culvert has adequate capacity to support both highway vehicle
loading and the proposed Alstom Citadis Vehidle loading. This analysis included the effects of directly fixing plinths to the
existing top slab of the culvert. The culvert is structurally sufficient, but requires rehabilitation: removing and replacing the
axisting expansion joints, and localized partial-depth concrete removal and repalr, including removing and replacing
corroded reinforcing steel as deemed necessary. Additionally, the existing asphalt and waterproof membrane will be
removed to aliow for DF of plinths o the existing structure. Exposed concrete will be watarproofed with an epoxy base or
methyl methacrylate concrete sealer or equivalent.
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Bayview Road Overpass

The existing Bayview Road Overpass is a reinforced-concrete rigid-frame structure with a single span of 23 m that allows
the existing West Transitway to fravel over Bayview Road. Based on the Bayview Road Overpass visual inspection report
produced by Capital Transit Partners, RTG has noted the following significant issues pertaining to the existing structure:

2

isolated light-to-medium spall on the west abutment at the southwast comer
Isolated cracks in the RSS wall's precast pansls
 Localized settlement on the existing approaches potentially caused by leaking catchbasin drain pipes

g

In addition to these defects, we anticipale localized deterioration due o aging of the reinforced-concrete deck and
abutments.

Structural analysis was performed to ensure the existing structure has adequate capacity to support both highway vehicle
loading and the proposed Alstom Citadis Vehicle loading. The bridge is structurally sufficient but requires rehabilitation:
retrofit to the existing deck, replacement of the existing approach slabs, localized partial-depth concrete repairs where
necessary, repair to the leaking catchbasin drain pipes, and repair to the segmental RES panels.

West Transitway CPR/O-Train Overpass

The existing West Transitway CPR/O-Train Overpass is a three-span, cast-in-place, post-lensioned, voided-deck slab
structure that allows the existing West Transitway {o tfravel over the CPR and G-Train fracks. Per PA Schedule 15-2, the
existing bridge is {o be removed and replaced with a new Bridge structure.

Key design considerations include the vertical and horizontal clearance fo existing rails found below the structure, a
potential future O-Train connection with the OLRT, a poteniial future northerly interprovincial extension of the O-Train, a
potential future double-tracked electrified light-rail line and platform which would replace the existing O-Train spur line,
and integration with Bayview Station.

Structural analysis was performed o ensure the proposed structure will mest PA loading requirsments. Preliminary
response spectrum analysis was performed to ensure the structure will mest the seismic importance category of
Emergency Route struciures, as defined in CAN/CSA-S8-06. The proposed design for the new structure includes four
spans, with a maximum span length of 20.25 m based on the addifon of a new centre pier, The addition of the new pier
allows a more efficient and cost-effective design by coordinating spacial requirements with the Station and optimizing
superstructure depth. The proposed span arrangement provides adequate clearance to mest the horizontal clearance
requirements of the potential future rall extensions below the structure, and is to be integrated with the Bayview Station
structure,

Mann Avenue Subway

The existing Mann Avenue Subway is a steel girder structure with a single span of 26.2 m that allows the existing
Transitway o overpass Mann Avenue. Based on the Mann Avenue Delailed Bridge Condilion Survey and Renewal
Options Report produced by Genivar {2011), RTG has noted the following significant issues pertaining to the existing
structure:

m Localized coating fallure with corrosion of steel girders at girder ends and light surface rust on girder coatings at
various locations

Leaking expansion joints
Corrosion of fixed bearings at south abutment

Localized concrete deterioration of various structure components including parapsts, sidewalk, the deck underside,
abutment walls and wingwalls

m Deterioration of the north approach slab

Structural analysis was performed to ensure the existing structure has adequate capacity to support both highway vehicle
loading and the propesed Alstom Citadis Vehicle loading. In addition to issues listed above, it is noted that the welded
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plate on the botlom flange of the steel girders may be prone 1o fatigue. Analysis shows that fatigue is not a concern for
gither the highway vehicle loading or the proposed LRT Vehicle loads and thelr associated number of loading cycles.
Overall, the bridge is structurally sufficient but requires rehabilitation: retrofit to the existing deck, replacement of
axpansion joinis, replacement of bearings, reconfiguration of existing abulmenis to provide a semi-integral connection,
replacement of existing approach slabs, localized blast cleaning and recoating of existing steel girders, localized partial-
depth conorete repairs where necessary, and localized replacement of approach guardrails.

Rideau River Crossing

The existing Rideau River Crossing comprises a three-span, posi-tensioned, concrete voided-slab structure. The
longitudinal articulation is fixed at the north pier and free at the abulments and south pier. The structure currently carries
two 4.0 m transit lanes and two 2.41 m pathways across the Rideau River. The pathway is separated from the transitway
by concrete barriers,

To meet asset preservation requirements, an extensive rehabilitation of the existing structure is required fo achieve a BC
of 90 at five years of service life. The proposed cross-section of the rehabilitated structure maintaing existing pathways
and light poles and replaces the barrier wall with parapet wall and chain ink fence above, 1o separate guideway and
pathways. RTG's structural review found that the structure meets ULS and SLS requirements under gravity and live load
with load rating/restrictions for specially maintenance equipment. The assessment of the first-mode natural flexural
frequency indicates the struclure meets vibration criteria, To meet geismic design requirements for another route
classification, retrofitling of the structure is required:, including expansion joint replacement and new seismic isolation
bearings.

Riverside Drive Overpass

Built in 1986, the existing Riverside Drive Overpass is a slab-on-steel girder bridge with a tolal deck width of 13.05 m. The
reinforoed-concrete deck is 225 mim thick and is supported on 8 WWF steel-plate girders. The existing cross-section
includes two 4 m lanes of vehidle traffic, a 1000 mm safety curb and barrier system, a 2500 mm bikeway with 2 350 mm
wide curb, and a barrier system on the north side of the roadway. RTG’s structural review found that the structure meels
ULS and SLS requirements under gravity and live load with load rating/restrictions for specially maintenance equipment.
The agsessment of the first-mode natural flexural frequency indicates the structure maets vibration criteria, The proposed
seismic bridge refrofit includes conversion to semi-integral abutment, bearing replacement and construction of new
keeper blocks. The proposed bridge retrofit also includes placement of rall plinths and centre-mounted catenary.

Cyrville Drain

RTG proposes a new precast culver! structure for this location, which will accommodate the placement of ballast and
cenire-mounted catenary.

Existing Road Bridges Over LRT Guideway

Preliminary review of structure geometry found that all existing overhead bridges have adequate clearance for the Alstom
Citadis Vehicle to travel below. It is likely that the overhead catenary system can be supported on columns adjacent fo
these existing structures; however, the mounting of protective fencing and catenary shrouding frames on the
superstructure may be required. Design will procesd based on the assumption that minor modification to these structures
may be required.

5.2.10.2 Proposed Construction or Erection Strategy

The proposed structures consist of CPCI girders supported on cast-in-place plers composed for two columns and a pier
cap. Each pler column will be supported by a single cast-in-place drilfed caisson with the exception of Hurdman East
Overpass which is supported by H-piles and the East Via Loop Underpass which is a rigid frame.

Due to the similar structural typology, the construction techniques considered could be standardized for all structures;
however, the construction approach will have slight differences due to the boundary conditions.
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Waest Transitway CPR/O-Train Overpass

The existing structure will be removed with conventional means, maintaining the abutments and pier foundations which
will be extended to integrate the Station into the structure. Caisson instaliation for the new middle pier will be done with
standard methods. The work sequence will start with conditioning the access so the caisson rig reaches the location of
boring. Once the rig is In place it will drill the caisson. Once auguring is complete, the driff rig will give way to a crane that
will put the rebar cage in place. The third stage is the concrete pouring, which will be achieved by direct placement or
concrete pump.

Holsting for pier and cap pier construction can use standard methods with only minor works to facilitate access. Castin-
place concrete piers will be constructed using contemporary steel forms to provide a high level of finish and uniform
appearance. The sequence will include the assembly of half of the formwaork, then the rebar and lastly the second half of
the formwork. Once the formwork is closed, concrete will be poured by mobile crane or concrete pump. Depending on the
height of the plers this task should be accomplished by one or more stages. The pier caps will be constiucted using
custom steel forms which will be hoisted and secured, to be followed by rebar and concrste.

Erection of CPCI girders will be carried out with conventional mobile cranes. Minor to moderate works will be required to
adapt the area to stock up the girders before thelr erection. Temporary bracing will be installed to secure the girders. After
the girders are in place, concrete planks will be erected. After that, formwork and rebar will be assembled and the
concrete will be poured with a concrete pump.

These activities will take place on the north side, keeping the O-Train in service. If required, off peak hours will be used
for construction of the eastern span.

Booth Street Overhead Bridge

Catsson installation for plers and spread foundations for the abutments can use standard methods with only minor works
io facilitate access. The process will be the same as described before. Construction of the foundation of north abutment
and caissons for pier 1 will not affect the heritage bridge over the open agueduct.

Caisson, columns and pler cap installation of plers 1 and 2 will take place while maintaining BRT services on the existing
Transitway by maximizing security measures and using off-peak hours and flagman if required.

The sequence for cast-in-place concrete abutments will include the assembly of half of the formwork, then the rebar and
lastly the second half of the formwork. After that, concrete will be poured by mobile crane or concrete pump. The same
sequence will be follow for cast-in-place piers and cap piers.

Erection of CPCI girders will be carriad out with conventional mobile cranes. The girders will be trucked to the site from
the precast yard and lifted info place using mobile cranes; a temporary bracing will be installed to secure them. Once
planks, formwork and rebar for the deck are in place, concrete will be pumped.

The construction of the middle span will take place during the night or weekend to avoid disrupting the BRT schedule.
Hurdman West Elevated Guideway and Hurdman Siation Guideway

Caigson installation for the elevated guideway and the Station can use standard methods with only minor works fo
facilitate access.

Columns and pier cap installation and erection of CPCI girders will take place from the north side while maintaining
Hurdman Station in operation.

Construction sequences for caissons, abutments, piers and deck are the same as described for West Transitway CPR/O-
Train Overpass and Booth Street Overhead Bridge.

Hurdman East Overpass t

H-piles installation can use standard methods with only minor to moderate works to facilitate access. H-piles will be
protected from RSS backffl material by a corrugated steel pipe filled with concrete.
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Hoisting for abutments and for the erection of CPCI girders will take place from north to south, after construction of
retaining walls.

Construction sequences for abutments and deck are the same as described for West Transitway CPR 7 O-Train Overpass
and Booth Street Overhead Bridge

East Via Loop Bridge

According to the Traffic and Transit Management Plan, East Via Loop Road will be closed when construction of the
structure starts. Once the earthworks team removes the existing road, spread foundations and cast-in-place concrete
abutments can be done. Work sequence will be the assembly of half of the formwork, then the rebar and lastly the second
half of the formwork, After that, concrete will be poured by mobile crane or concrete pump.

For the construction of the deck, the formwork will be supported by a scaffolding system. Then rebar will be placed and
concrete will be poured by conerete pump.

Structural drawings are provided in Package B2 - Deslgn Submission Part 2 ~ Volume 1 {of 4).

In conjunction with OLRT construction, the finalized product of the OLRT will require modification and reconstruction to
several municipal streels.

5.2.12.1 Design Standards and Criteria

Per the PA, design standards include the Geometric Design Guide for Canadian Roads {TAC -~ 1993} and the Geometric
Design Standard of Ontario Highways (MTO ~ 1985). Geometric design is based on Cily guidelines in concert with TAC
requirements. All municipal streets ouflined in Table 5.2-4 are considered low-speed as they are posted 50 km/h,
assumed design speed of 80 kim/h. Cross-sections, horizontal and vertical alignment designs are based on local
requirements for the road type {(urban coliector or arterial road) and design speed. In general, designs follow the guidance
of Table 1-5.1 Design Criteria for the Roadway Improvements in OLRT Project, except as noted below.

Horjzontal Alignment

The minimum radli used by RTG for roadway design meets TAC Geometric Design Guidelines. The design of the radii
also considered the existing use and permitted the safe use of super-elevation rates (4.0 percent maximum) as required
for urban settings. Although spiral curve transitions are not a requirement on low-speed roadways in an urban setting,
their implementation will be re-evaluated at the detailed design stage to meet Driver comfort and aesthetics.

Vertical Alignment

All geomelrics designed by RTG meet the minimum vertical requirements of TAC-1889. RTG’s design also avoided the
use of flat gradients, where applicable, to promole proper drainage. Minimum K values are based on stopping sight
distance {560} and comfort control.

Access and intersection Layout

Intersections {signalized and unsignalized) are designed by RTG to PA requirements: pavement markings, traffic signage,
street lighting and traffic control signals as required. Sight distances are designed for sufficient approach and departure
sightlines as required by Vehicle movements. Intersection operations including traffic, transit pedestrian, and cyclist
movements are also incorporated into the design. The proposed interssction design has bsen malched o existing
gonditions o mit the reconstruction impacts of the intersection. Impacts to the Belfast Bridge over the BRT and, thersfore
does not meet all Wrning reguirements for WR-20.
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Cross Section Elemants

in accordance with TAC, special-purpose lanes such as bus-dedicated lanes at Tunney's Pasture have been specifically
designed to accommodate each design Vehicle. All hike lanes that are required are designed to a width of 20 m. In
addition to the width requirements for lanes, a minimum cross-slope for normal crown is set at 2.0 percent to facilitate
drainage of water from the road.

5.212.2 Approach to Municipal Roadway Alteration and Restoration

Table 5.2-1 outlines the municipal streefs that are proposed fo be affected by the construction work and how the
proposed changes will integrate into the revised transportation network,

Table 5.2-1 | Proposed Roadway Alferation & Restoration

Tunney's Pasture BRT implementation of OLRT Tunney's Pasiure Station now raquires that buses on the BRT facility require

Ramp a new sccess ramp to connect the existing BRY roadway (lonstad in a french) to the al-grade transfer
siation, The two-lane connection 1o the southwest comer of the new BRT facility congists of 4.0 m
fravel lanes and 8 2.5 m maintenance sirip, Horizontally, it consists of two 204 m radii separated by a
short tangent section. The vertical alignment has reduced the grade of the BRT ramp which allows
smoother operation and beiter visibility,

Goldenrod Street A south extension of Goldenrod Driveway connecis Yarrow Driveway and Scott Street ai the west side
of Tunney's Pasture BRT with two 4.25 m bus-only lanes with paved sidewalks, spanning the lower
BRTART corridor. The horizontal alignment is straight and the vertical alignment is virtually flat based
on the surrcunding constraints. The infersection designs at Yarrow Driveway, BRT loop and Scolt
Street are connected on a slight skew and designed to accommodate movements and sightlines of
the City's A-Bus, B-12 standard bus and the double-decker bus.

Scolt Street Scott Street will be widensed (3.3 m max.} from Smirle Avenue to Bayvisw Road along with significant
tocal widening at Preston Street, along Albert, just south of the new LeBreton Station to accommodate
dedicated tuming lanes and dedicated transit lanes. The horizontal alignment will follow the existing
alignment and the verlical alignment is similar.

Booth Strest The construction of LeBrefon Station requires verlical realigniment of Booth Street with the
construction of a bridge for the grade separation to occur. On the approachas, Booth Strest has two
northhound and two southbound tanes in each direction and a 3.0 m sidewalk on both sides. Because
of its use as a transit hub, the cross-section has been widensd on the bridge to incorporate twe 3.5 m
traffic ianes, a 3.0 m bike lane, a 3.5 m bus only lane and a 3.9 m sidewalk. The northbound and
southbound lanes on the hridge are laid out in the same fashion. Due to the tangent alignment on the
bridge; a 2.0% cross-fall is used to drain the roadway 1o the median barrier.

Belfast Road MSF access is achieved through a Wunnel under the existing intersection of Belfast and Tremblay
Roads. Culand-cover construction of this funnel will require the relocation of two large feeder
watermains and a full reconstruction of the intersaction. The existing approach from the east and the
west (Tremblay Rosd) consists of through-right and a left-tumn lane. The existing approach from the
north side of Belfast Road has a rightturn and g through-eft lane. The exisling approach from the
south has a through-left and a through-right lane. The reconsiiucted intersection will be similar fo the
exisfing lane atrangement with the exception that the through-left lane from the south approach is
changed fo an exclusive left-lurm lane. The existing two northbound lanes on the south approsch will
now be one northbound lane: the other lane will be converted o a southbound left-tum lane. The new
lane amangement at this signalized infersection will provide befter infersection funclion. The
raconstruction of Belfast Road to the south will be reduced o 3 two-lane roadway which will consist of
a sidewalk on the west side. The horizontal alignment will match the existing 250 m curve through the
axisting Belfast/CP Rail bridge and the existing 5% cross-fall before the Belfasl/CP Rall bridge.




COW0544752

Package B2 — Design Submission Part 2 - Volume 1 {of 4) includes the required set of roadway drawings (including
crossing drawings), geometry and general layout, grading and drainage, and roadway components of the guideway
municipal roadalterations and restoration associated with the guideway.

5.2.14.1 Design Methods, Standards & Supporting Design Criteria

Trackwork design is based on performance, Passenger comiort, Vehicle criteria, safely, and maintenance factors, and
is in accordance with the criteria in PA Schedule 15-2, Part 2 and Part 6, AREMA Track Standards, and the
recommendations of TCRP Report 57,

5.2.14.2 Approach to Installation, Testing & Commissioning of Trackwork Components

After completing factory inspection, proof testing, and routine
testing during manufacture of trackwork components, the
components are ready for installation and then testing and
commissioning.

Site inspection, Proof Testing and Routing Testing
during Installation of Trackwork

Installation of trackwork components includes welding of rail,
faying of ballast, DF track construction, and special trackwork
construction.

Figure 5.2-2 | Instalfation of Direct Fixation

Welding of rail using a flash-butt welding process includes

inspection and acceptance of welding plant equipment and components, acceptance of procedures for rail handling,
rail straightening, rall cuiling, rail-end preparation, welding alignment; weld proof testing; and weld production testing
based on acceptance criteria established for weld proof-test results,

Ballasted track will be constructed following a prescribed sequence of events: placing initial ballast, placing concrete
ties, laying rail and anchoring, surfacing, and aligning. Production testing will include acceptance of the final surfacing
and alignment of track including formation of ballast sections,

DF track construction will include sstup and construction of base slabs (if required}, plinths including placement of
dowels and reinforcing steel, placement and securing of female anchor inserts, DF fastensr placement, rail instaliation
including field connections, anchoring of continuous welded rait {CWR), final surfacing, and aligning. Proof testing will
include the acceptance of equipment, components, process, procedures and qualified personnel. Production testing
will include acceptance of the final surfacing, frack gauge and alignment of track.

Ballasted special trackwork installation will include placing initial ballast, placing concrete ties, laying special trackwork
and anchering, surfacing and aligning, and fine-tuning for final acceptance. Similarly, DF special trackwork will be
constructed following a prescribed sequence of events including setup and construction of second-pour concrete,
placement and securing of female-anchor inseris, laying and sscuring special trackwork on the second-pour concrate,
securing of baseplates, surfacing and alighing, and fine-tuning for final accsptancs.

Proof testing will include the acceptance of equipment, components, process, procedures, qualified personnel, and
installed miscellaneous hardware. Production testing will include acceptance of the final surfacing, track gauge, and
alignment of frack
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Tesling and Commissioning of Trackwork
Testing and commissioning (T&C) of trackwork will include the following sequence of tests and documentation:

g Post-installation commissioning {PICG) of mainiine, MSF access, and vard frack for track geometry, frack gaugs, DF
fastener bearing surface, formation of ballast sections, spacing of DF fasteners, spacing of concrate fies, and critical
clearances 1o structures and walkways.

B PICO of special trackwork for track geomelry, track gauge, frack cenires, fastener bearing, formation of ballast
sections, spacing of fasteners, spacing of concrete ties, and critical clearances to structures and walkways.

B PlCO of swilch machine interface and operations will also be necessary. Rail profile grinding prior to T&C will remove
milf scales.

B Inspection and festing during revenue service will include following a maintenance manual for yearly, gquarterly,
monthly and regular inspection and maintenance activities by the M&R Team throughout the Maintenance Term.

5.2.14.3 Special Trackwork Design

Special trackwork will be designed to meel operational objectives. Crossovers at Terminal Stations and MSF access
will be designed and located to meet operational headway objectives, and emergency crossovers will be designed to
meet operational requirements for emergency switching and single-tracking requirements,

A minimum distance from special trackwork to Station platforms, horizontal curves, vertical curves, and transition slabs
will be designed to meet geometric criteria. All special trackwork is at least 5 m from point of switch to horizontal
curves, 3 m from point of switch to vertical curves, and 15 m from end of Station platforms. The minimum distances
from special trackwork to curves is a minimum requirement for constructability and the distance o Station platforms
ensures that horizontal clearanges from the LRV to the platform are metl.

On mainiine track, No. 12 tangential geomelry turmouts with maximum design speed of 40 km/h will be preferred where
site conditions allow, and No. 8 tangential geomelry turnouts with maximum design speed of 30 km/h will be used in
areas where there are site conslraints,

5.2.14.4 Proposed Track Structure/Rail Fastening Systems
Track Configuration

The track type has been designed such that continuous lengths of ballasted track are maximized to reduce transitions
that compromise track integrity. Ballasted track will be used in at-grade sections on existing transitway, at-grade
sections off existing transitway, at-grade Stations, Stations on embankment designed to carry ballasted track, aerial
structures (new and retrofitied) engineered to carry ballasted track, embankment engineered to camry ballasted track,
and the existing tunnel at St. Laurent Station. The ballasted track does not compromise performance, and maintenance
can be achieved as required in PA Schedule 15-2, Part 2, Article &

DF track will be used In the downtown funnel and Stalions, existing asrial structures and Stations that cannot carry
dead load of the ballasted track, and al-grade seclions that are constrained by underground utilities, soil conditions,
and/or overhead structures. Sections of DF track include Tunney's
Pasture, where the frack is on top of a twin box culvert, the aerial
struciure at Bayview Station, the downtown tunnel from the West
Portal to East Portal, and Rideau River Bridge. DF track will also
be used for the VIA Rail underpass on the MSF connection track,

Ballasted Track Design for Mainline

To ensure thal ballasted ftrack can  withstand Ottawa’s
environmental conditions and maintain its integrity under different
loads, the ballasted track design complies with the following criteria,
drawn from the PSOS and our own experience in Calgary and  Figure 5.2-3 | Balfasted Track
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Edmonton with similar exireme temperature ranges:

& Ballasted sections will be designed to resist longitudinal and lateral forces based on Ottawa’s environmental
conditions, Yehicle loadings and thermal forces from CWR.

# Mainline ballasted track will be designed and constructed using precast-concrete cross-ties with resilient rail clips,
insulators, and rubber pads.

Ballast will conform to AREMA crushed stone baliast, class number 4A.
Ballasted sections on asphaltic concrete {existing transitway), aerial siructures, Station platforms, concrete slab,
gto. will be constructed with ballast and filter fabric without additional sub-ballast; and placed on a 2 percent slope
for drainage away from the track.
Ballast mats will be installed where vibration mitigation is required on ballasted track.
Ballasted sections on prepared sub-grade will be constructed on ballast and sub-ballast; with the prepared sub-
grade at 3 percent slope for drainage away from the track.

w Ballasted sections at Station platforms will be held in position with lateral braces anchored to the Station platform
siruciure,

w  Longitudinal restraint load = 10.7 KN per tie per rail nominal

#  Assumed track modulus of concrete tie ballasted track = 34 to 55 Nimm/mm

& Concrete lie spacing on tangents = 760 mim; subject to detailed design

w Concrete tie spacing on curves less than 300 m = 885 mm; subject to detalled design

# Ballast shoulder on tangent and curves greater than or equal to 300 m will be 300 mm minimum

# Ballast shoulder on curves less than 300 m will be increased to 600 mm o provide better lateral restraint to CWR
forces.

® Desired load transfer to ballast = 0.45 MPa maximum

Desired load transfer to sub-grade = 0.14 MPa maximum

#  Desirad load transfer to asphaltic concrete pavement o be established during detailed design.

& Minimum ballast/sub-ballast depth below tie is less than 400 mm as computed from AREMA standards.

Direct Fixation Track Design for Mainline

DF track is supported on plinths that are anchored to siructural
deck, tunnel invert or concrete base slab. Longitudinal and lateral
foroces are resisted based on Oftawa’s snvironmental conditions,
Vehicle loadings and thermal forces from CWR. The following
design inputs are alse used in analysis of DF track:

# DF fastener slip Inad = 8.0 to 13 KN per fastener subject to
detailed rail/structure interaction and rail break analysis.

w Vertical spring rate of standard resilient DF fastensr = 17 1o
22 KNimm. Figure 5.2-4 | Direct Fixation Track

& Vertical spring rate of vibration mitigation fastener for noise
and vibration control, if required = 9 to 13 kN/mm.

® Floating slab track will be installed where noise and/or vibration is required in DF track and vibration mitigation
fasteners are insufficient for reducing noise and/or vibration to acceptable levels.

w Lateral DF fastener stiffness = 4.4 KNimm, nominal.
DF fastener spacing on tangents = 750 mm, subject to detailed design.
DF fastener spacing on curves = 750 mm, subject to delailed design.

See Section "Raill Structure Interaction Design” for rall break analysis.
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Rail

New 115RE standard rails with surface hardness of 310 HB will be used on mainline and MSF connecting tracks. Relay
1MERE standard rails may also be used on vard tracks, except for rall switches and tracks within the MSF Building
fimits. All rails will be CWR except in shop tracks and MOW tracks and maximum and minimum rail temperatures will
be 58°C and -36°C, respectively. Running rails will be canted at 1:40 slope or 120 slope, subject to detailed railiwheel
interface analysis, and running rails in special trackwork will be uncanted. Running rails on mainline track, MSF
connecting track and MSF vard track, including special trackwork, will be electrically isolated from the ground.

Rail Structure Interaction Design

The rall structure is designed to control rall stresses due o differential movements between raill and structure and fo
control rall break gap and resulling loads transferred to superstructure and substructure. Rall stresses must be controfled
o ensure safety and minimize maintenance of the rail system. Assuming a neutral rall temperature of 15°C 1o 24°C for
laying tracks, axial forces due to thermal changss is given by the following:

# N=EAaT, where
- N: thermal force in the rail
- E: modulus of elasticity of steel rail = 210,000 Newton/mm?
- A: area of rail section = 7258 mm?
- o coefficient of thermal expansion of rail = 1.18 x 10- per °C

4

Trise: temperature rise = 43°C (assumed neutral temperature of 15°C)

B

Terop: temperature drop = 60°C (assumed neutral temperature of 24°C)

Niise (Compressive axial force) = 7.7 x 105 Newton

Narp (Tensile axial force) = 10.8 x 105 Newton
Radial force (95 m-radius curve) = 8.2 kN/m compression; 11.4 kN/m tension.

Rail break gap is computed using:

B ou=2x{ct+lc2 - lc3), whers

- v =totalrall gap inmm

- ot total displacement if rail is unrestrained = 64 mm

- lcZ: shear deformation of the fastener = 6 mm

- lc3: reduction in rail displacement over the distance required to develop total restraint force = 32 mm
B v =76 mm based on fastener spacing of 750 mm

e ‘Breathing” length is computed o be about 30 m measured from the free end of CWR

The unbalanced force from the broken rail is resisted by both the unbroken rails and the guideway support in proportion to
their relative stifiness. Beyond the "breathing” region, the rail string doas not move relative to the guideway structure
below.

To meet the rail break gap of 50 mm, the rail-laying temperature will need to be in the range of 10°C, which is not a
practical range for laying track during the normal construction period in Cttawa. Further, as rail stress-free temperature
must be constant over transition structures, this low laying temperature would also expose ballasted track to high buclding
forces in the high heat of the summer.

There is no recognized standard for evaluating the safety of a rall gap In Transit applications. In the interim, AC
Commitiee 358, Analysis and Design of Reinforced and Prestressed-Concrete Guideway Structures, ACH 358.1R-82,
recommends a maximum gap of 50 mm for a 400 mm wheel diameter, and up to 100 mm gap for larger wheels. During
detailed design, a rail gap limit will be selected based on the proposed wheel diameter of the selected LRV, which is
about 630 mm.
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MSF Track Design

Ballasted track design for the MSF vard is similar to mainline hallasted tracks with exceptions, as stated below:

Vehicle loading will be based on AW0.

Asphalt concrete paved tracks will be used on grade crossings, service aisles and cart paths,
Ballasted track spacing will be 760 mm; subject to detailed design.

DF track at 1000 mm spacing will be used on wash track and VCIF tracks,

Embedded track will be used on aprons outside of building limits.

Pedestal tracks will be used in pit areas of maintenance tracks and MOW tracks.

Rail mounted whee! stops will be used on dead-end maintenance tracks and MOW tracks.

Minimum ballast/sub-ballast depth below te is less than 400 mm as computed from AREMA standards.

No. 6 turnouts at approximately 100 m radius with maximum design speed of 25 kmih will be used on frequently-
used MSF switches and No. 4 lateral turnouts at approximately 37 m radius with maximum design speed of
15 kmih will be used on storage, maintenance and MOW tracks.

g2 8 B B8 B8 B B8 8B 8B

interaction with the Elevated Guideway and Existing Bridge Components

DF track will be used on elevated guideway and existing guideway structures where it is required. The CWR will be
supported by DF fasteners spaced at 750 mm, subject to detailed design, which will rest on reinforced-concrete plinths
that are anchored 1o the concrele deck with steel dowels. Due to differential expansion between the CWR and the
structure, longitudinal loads will be imparted on the structure along tangent track. For curved track, both longitudinal and
radial loads will be imparted on the structure. These loads will act as either tensile or compression forces in the CWR,
depending on the differential expansion. Holes wili be drilled for the plinth dowels o be embedded with an epoxy grout,
into the concrete deck. The steel dowels are designed to transfer all longitudinal and transverse loads from the rall,
through the plinths and into the superstructure. These forces will be transferred to the substructure where the
superstructure is fixed fo guideway plers and abutments. Structural analysis was performed {o ensure the existing
guideway structures can resist these rallistructure interaction loads imparted to the structure.

Mitigation for Potential Noise and Vibration

A preliminary analysis of potential noise and vibration impacts of the OLRT was performed and methods of mitigation
were proposed for sections of the alignment based on PA Schedule 17,

Because the alignment runs near many residential buildings on ballasted track, several sections of the alignment require
ballast mat to reduce vibration. The ballast mat is placed under the ballast to provide a resilient layer. Ballast mat will be
required sast of Tunney's Pasture Station, near the Universily of Otlawa, east of Less Station, at the MSF connection
track, and near Cyrvills Station.

Resilient DF fasteners wili be installed in sections of the downtown funnel below residential buildings, hotels, and the
Government Conference Cenire, Resilient DF fasteners provide lower vertical stiffness than standard DF fasteners and
reduce groundborme noise and vibration transferred fo the surrounding environment. Floating slab tfrack (F&T) is ancther
type of DF track used for vibration mitigation. It consists of a concrete slab supported on resllient elements such as a
rubber mat. FST effectively reduces levels of groundborne vibration but it is much more expensive than using resilient
fasteners. Because of the noise-sensitive operations of the Canadian Broadeasting Corporation and the National Aris
Centre, floating slab will be required at these two locations.

5.2.14.5 Infrastructure Installed in Support of the Signalling & Communications
Equipment & Electrification

Underground ducts and system-wide cableways will be installed with waclion power feeders iypically installed
perpendicular to track when crossing under tracks. Maintenance holes and pull-box locations will be coordinated with
drainage and track alignment and will be no more than 120 m apart. Signalling and communications cableways will be
installed to reduce crogs-talk and interference with running rail and power circuits.

SECTION 5.2
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Infrastructure for signalling will include Central Instrumentation Houses (CiH) for CBTC, which will be strategically located

along the guideway.

OCS poles will have duct work and feader cables run into the pole through the foundation, and pole foundations will be

coordinated with ductbanks, drainage, trackwork, and utilities.

5.2.14.6 Proposed End of Track Devices

The proposed rail arrestor for the mainline terminal fracks is
designed to engage the Vehicle coupler with a maximum force of
400 kN and a 3-car train at AW3 of 193,710 kg. Impact speed is
assumed to be 25 kimvh with a slide gradient of -2.0 percent and
maxirmurn deceleration of 2.5 misec?. These factors result in a
required buffer zone of 20 m from the face of the rail arrestor to the
end of track.

Similarly, the proposed buffer stop for stub-end vard storage tracks
is designed to engage the Vehicle coupler with a maximum force of
400 kN and a 3-car train at AW0 of 141,000 kg. The impact speed
is assumed to be 10 km/h with a slide gradient of 0.0 percent and

Figure 5.2-5 | Mainfine Rail Arresfor

maximum deceleration of 2.5 m/sec?. These factors result in a required buffer zone of & m from the face of the buffer stop

to the end of track.

Rall-mounted wheel stops will be installed at stub-end shop tracks to impede travel beyond the end of track.
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5.3 TUI

To execute and deliver design and construction services, Project Co will contract with an integrated design-build joint
venture (DRJY) of SNC-Lavalin Constructors {Pagific) Inc., Dragados Canada Inc. {the construction arm of ACS), and
EllisDon Corporation. Hatch Molt MacDonald and the Dr. G, Sauer and Partners Corporation will collaborate on the
tunnel design for the OLRT Project, drawing on their Canadian and international experience.

As described throughout this Seclion and Section 5.5, Rideau Transit Group's (RTG’s) construction approach is to use
roadheaders {o construct the running tunnel and the Stations. Bassd on our experience of underground tunnsi and
station design in bullt-up cities such as Barcelona, Seville and Vancouver, we know that cut-and-cover construction
methods can be extremely disruplive to Stakeholders, even going so far as to put soms small businesses out of
business. By contrast, our totally mined solution for OLRT tunnels and Station caverns will deliver these benefits:

®w  Expediting schedule as no allowance has 1o be made for the long manufacturing and delivery period required for a
large-diameter tunnel-boring machine

# Causing less disruption to subsurface ulilities at the Station locations and relying less on the input of third-party
utility companiss

# Minimizing construction disruption to local businesses and downtown traffic and transit, and preserving access to
buildings and businesses

g Reducing schedule risk by adopting & multiple-front construction methodology of roadheader construction as
opposed fo a single-construction-face solution such as a bored tunnal

# Minimizing dust and noise pollution af the surface

S

RTG's aim with tunnel and Station design has been fo minimize the amount of surface excavation, thereby significantly
reducing disruption to ulilities, traffic, pedestrians, and local businesses, To achieve this aim, our Team has developed 3
preliminary design based on sequential excavation methods (SEM) with roadheader used for tunnel and Station cavern
excavation. This Section details tunnel construction methods; Section 5.3.5 describes tunnel design,

5.3.1.1  Construction Methods & Sequence

Running Tunnsal

Running tunnel alignment sections located in bedrock will be excavated using roadheadsr squipment. To provide access
and reach for the roadheader, excavation will proceed using a top heading and invert-bench sequence. For sections
where the running tunnel is in soft-ground material {Rideau buried valley) the tunnsl will be constructed in two side drifts
using hydraulic excavators.

SECTION .3
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Station Caverns

Station caverns for the Downtown East and Downtown West Stations will be constructed along Queen St where the
cavern will be close to existing deep basements. To prevent impact on adjacent structures during construction and in the
fong term, the initial support will be designed to support the full overburden load without relying on the adjacent building
for support. To achieve this objective, we will use a multiple drift method: walls are first constructed in lower side drifts to
support subsequent installation of a tied-arch arrangement. The excavation sequence for the Downtown East Station is
similar. Figure 5.3-1 shows a typical excavation seguence for these Stations.

Figure 5.3-1 | Downtown West and East Stations Excavalion Sequence

BTESY

STER N SACKFILL BIDE DRIFY & BRORaTE TP |

AVATE HDE DRIFTS

SYEE 4 ETALL DEE S BERIN HTES B R

As the structure is not as deep as the tunpel close to Rideau Station cavern, the protection measures noted above are
only required for the Downlown West and East Stations. A similar, but somewhat more conventional, excavation and
support sequence to that required at Downtown West and East Stations will be used for the section of Rideau Station
cavern in rock. A portion of Rideay Station Cavern will be constructed in soft-ground conditions in the Rideau buried
valley, where a double sidewall drift soft-ground excavation and pre-support method will be used with 2 barrel vault
installed in advance of the unnel excavation. Figurs 5.3-2 shows the Rideay Station excavation sequence in progress.
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Figure 5.3-2 | Rideau Station Excavation Sequence (cenire driff)

Shafts & Siation Accessas

Although the decision to proceed with mined Stations significantly reduces the need
for utility relocation and traffic management, each Station requires several large
vartical shafts/accesses that extend to the surface for vertical circulation, unnsl
ventitation and HVAC. Potential traffic impacts will be minimized by locating these
shafts at the sides of roads or on walkways. Utilities must be relocated before and
during construction, with traffic diverted around construction where necessary. Soms
accesses extend into other properties and careful coordination with property owners
will be required before and during construction.

All shafls, with the exception of those within the buried valley at Rideau Station, will
extend through overburden and into the rock below. Shaft excavations through
overburden will typlcally be supported by temporary shoring, and preliminary details
for these elements are shown on the drawings provided in Package BZ — Design
Submission Part 2 ~ Yolume 1 {(of 4). Typically, temporary shoring will be by tie-
) ) back, soldier or secant piles as appropriate; Figure 5.3-2A shows typical secant pile
Figure 9.3.34 | Typical primary support. Excavation through rock will be by mechanical excavation: Figure
Secant Pile Support 5.3-3B shows typical shaft excavation equipment. All shafts will be concrete lined and
fully waterproofed upon completion.

The various access and ventilation shafts enter the Siation caverns at different
locations and elevations within the cavern roof and sidewalls. The cavern construction
methodology requires that a sholerete arch be instalied in the cavern roof, and that the
roof arch be tied at the concourse level to support rock and overburden loads. In
general, shafts that penstrate the roof arch will be excavated and backfilled with foam
concrete before excavating the Station caverns. Once mining of the cavemns is
complete and the permanent lining is in place, the foam conerste will be removed and
the shafls lined with shoterete or concrete as required. Horlzontal access tunnels, at
Downtown West and Rideau Stations, will either be mined during cavern excavation or
after instaliation of the Station cavern permanent lining.

Figure 5.3.38 | Typical Shaft
Fxcavation Fquipment
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5.3.1.2 Construction Traffic & Staging Areas & Muck Handling for Downtown Tunnel
and the MSF Connection Tunnel

Underground construction wili be carried out using roadhsaders for rock excavation and hydraulic excavators for the soft
ground conditions at the Rideau buried valley. Underground construction will commence from two faces at the West and
East portals and from a central shaft, located in a laydown area provided by the City, between the Downtown West and
Downtown East Stations. Careful planning will be undertaken to manage the spoll generated at each excavation face,
considering noise levels, surface disturbance, and the dleanliness of public roads. Appropriate facilities will be procured
and used to meet these low impacts to the public, even in the City centre,

For the design of underground work, we have studied several possibilities that use areas that the City has provided near
the portals and along the alignment, The main objective is to condense the surface work in certain areas. Tunnsl
excavation will be executed using three working faces: two main faces from the portals and an ancillary face to excavate
Downtown East from a laydown area provided by the City. This approach provides increased flexibility and quality of its
construction while reducing scheduls delay risk by making construction of this slement non-linear in its execution.

Spoil generation oocurs at the excavation face. The spoil-transport cycle staris when the roadheader has excavated a pile
of material that is loaded by the front panzer of the machine and transferred fo its belt conveyor. By using this kind of
aquipment, it is possibie 1o load the muck directly from the roadheader’s belt conveyor o the trucks. There are several
advantages to using this procedure, such as not requiring auxiliary machinery for the mugk load, which resulls in more
clearances in the tunnel, and improved overall excavation rates. This machinery also uses high pressured nozzles which
reduce the dust generated by the excavation process.

Muck will be transporied using rubber tired trucks along the tunnel, to the porials and to the shaft. There are two options
for truck hauling. The first would be direct transport from the excavation face to the disposal site, when a shaft is not
required, as in the West Portal. The second needs some auxiliary means to transfer the load from tunnel trucks to road
trucks, through a vertical shaft; this is the case for the East Portal and Downtown Face. Typical pholos of roadheader,
excavators and underground trucks are shown in Figure 5.3-4,

Figure 8.3-4 | Roadheader, Excavator and Underground Trucks

Examples of Ottawa Disposal Sites

B Contaminated Fill:
- BFl Waste Services {3354 Navan Road, Orleans)
Waste Management Dump {Carp Road & 417)
- Springhil Landfill (7720 Springhill Rd, Metealfe)

m Clean Fill;

BF| Waste Services (3354 Navan Read, Otleans)

- Moodie Quarry (Fallowfield exit of 416, 952 Moodie Drive,
Nepean)

Figure 5.3-5 | Moodie Quarny
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B Rock
- Moodie Quarry (Fallowfield exit of 416, 952 Moodie Drive, Nepean)

# Others:
- Stittsville Quarry (635 Jinkinson Road, Stittsville)
- Rideau Quarry {3500 Rideau Road, Gloucester)
- Canaan Quarry (3865 Birchgrove Road, Sarsfield) Figure 5.3-6

f3# Canada Inc.

m  Moodie Quarry: 25 km from Wast Portal
BFl Canada Inc.: 18 km from Rideau Station Shaft
Springhill Landfill: 20 km from West Portal

5.3.1.3 Working Drawings

Table 5.3-1 provides a summary of working drawings. Drawings are provided in
Package B2 - Design Submission Part 2 - Volume 1 (of 4).

ngwce 3 7 | Springhill Landfii
Table 5.3-1 | Working Drawings

1200 - 410D - 82 - 1001 West Portal Construction Access — Plan and Section
1276 - 4100 - 52 - 1017 Running Tunnels and Siations ~ Oyerall Excavalion Sequence
1270 - 4100 - 82 - 1104 & 1105 Running Tunnel - Excavation & Sequence - Sheals 18 2
1270 - 410D - DW - 1001 thru 1003 & 1013 | Downtown West - Overall Excavation Sequence - Sheet 1,2, 3&40fd
1270 - 410D - DW ~ 1101 Downtown West - Vent Shafts - Excavation Sequence
1270 - 410D - DW - 1008 thry 1011 Downtown West - Cavern Excavation & Support Sequence — Shests { thru 4
1270 - 410D - DW - 1012 Downtown Weut Parkmg Tunnel Croubmg Excavatlon & Suppori Sequenc‘e
----- ’E z?ﬁwdit}DDEmi{){}HhrM{){BS mem’wwrz East - Gveraii Excava’ﬁm Saq yence - Sheets '1 2 & 3 ef 3
1270 - 410D - DE - 1004 thru 1007 Downtown East - Cavern Excavation & Support Sequencs - Sheets 1 thry 4
1270 - 4100 - RD — 1001 thri 1003 Rideau ~ Overall Excavation Sequence - Sheels {, 2 & 30f3
1200 - 410D - 82 - 1062 Fast Portal Construction Access ~ Plan and Section

ATED GROUND CONDITIONS ALONG

O SHARTS
P OIAT LD

5.3.2.1 Regional Geology

The Project is in the physiographic area of the Ottawa Valley Clay Plain region, which is characterized by thick deposits of
sensitive clay overlying thin glacial till and glaciofluvial deposits overlving bedrock. Bedrock within the Project ares
consists of a series of sedimentary rocks, predominantly shale and limestone. Several major faults with vertical throws of
up to 40 m cross the tunnst alignment. The groundwater table is generally near or at the bedrock surface except where
existing building foundations have depressed the water level, primarily at Downtown West Station, and in bedrock buried
valleys.

Two fault-induced buried glacial valleys exist along the tunnel alignment, the Rideau bedrock buried valley, between
chainages 102+330 to 102+515 at the west exient of Rideau Station, and at the East Portal, south of Chainage 103+200.
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5.3.2.2 Primary Geological Units

Borehole locations, relevant borehole logs, and interpreted siratigraphic profiles along the tunnel and Underground
Stations are provided on drawings 1113-4GDD-52-1000 through 1006.

Cwverburden

Qverburden in the Project area ranges from less than 1 m thick to more than 37 m af the bedrock valley near Rideau
Street and Colonel By Drive. Over the majority of the alignment the overburden consists of fill overlying deposits of sand,
gilt or clay. The sands and silt are often found as pockels or seams within the glacial til. The clays are found as more
continuous layers overlying the glacial till. The glacial till consists of a silty sand to sandy silt matrix with varying amounts
of gravel, cobbles and boulders, and is generally found overlying the bedrock. Table 5.3-2 detalls the primary overburden
units.

Table 5.3-2 | Primary Overburden Units

i

Man-made deposit
Compaosition is highly variable
Typically 2 ~ 4 m thick

Silly clay to clayey sill
Clay ®  [ypically found overlying till, up to 20 m thick

Fill

®  Highly sensitive and compressible

Siit w  Typically found as pockets or seams within till unit

Sand #  Typically found 85 pockels or seams within il unit

Matrix consists of silly sand to sandy silt
Till # Coniains gravel, cobbles and boulders
Typically found overlying bedrock as a thin veneer except in hedrock valley where it is up 1o 30 m thick

Bedrock

The bedrock in the downtown Olttawa area is made up of a series of sedimentary rocks consisting of shales, imestones,
dolostones and sandstones. The formations that will be encountered by this Project from youngest to oldest are the
Billings, Lindsay and Verulam Formations. Table 5.3-3 describes the bedrock formations.

Table 5.3-3 | Bedrock Formalions

Billings # Shale - black, very fine grained, very thin to thinly bedded

Interbedded Shale (50 - 90%) and Limestone (10 - 50%)

Lindsay Unit 3 ®  Seguence of black fine grained, thin to medium bedded shale and grey fine to medium grained,
thin fo medium bedded limestone
. . Limesione — medium to dark grey, fine to medium grained, thin to medium bedded
Lindsay Unit 2 .
Contains & — 10% shals
. Limestons ~ dark grey, madium grained, medium io thickly bedded
Lindsay Unit 1

Contains less than 1% shale
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®  Interbedded Limestone (80 - 95%) and Shale {5 ~ 20%)
Verulam ®  Sequence of medium to dark grey, medium grained, thin {o medium bedded limestons and very
thin to thin beds of black shale

Faults

A series of faults cross the tunnel alignment and have been inferred from Golder’s technical memorandum, “Fault Study
atong OLRT Tunnel Alignment’” dated 24 October 2011, Widths of inferred faults are assumed to be & m except for faults
oriented roughly parallel to the tunnel alignment, Vertical offsets at faults wers inferred from borsholes,

5.3.2.3 Geotechnical Design Properties
Bedrook

The rock that will be encountered during construction of Segment 2 has besn grouped by Rock Mass Type (RMT). Each
RMT is expected to exhibit similar behaviour during excavation. Four RMTs were crealed with several subcategories:

RMTH Blocky Limestone

RMT2: Very Blocky Limsstone

RMT3: Faults

RMT4: Shale of the Billings Formation and Lindsay Unit 3

g B8 8 B

RMT1. Blocky Limestone

RMT 1 consists of limestone and limestone interbedded with less than 50 percent shale. It includes rock of the Verulam
formation and the Lower Lindsay (Unit 1 and 2} formation. The rock mass is characterized by horizontal bedding and
typical fracture spacing is greater than 20 om. The rock mass is blocky, consisting of well-interlocked blocks or slabs.
RMT 1 is further subdivided info RMT 1a and 1b. 1a includes rock from Lindsay Units 1 and 2 and 1b includes rock from
the Verulam formation.

RMT2: Very Blocky Limastone

RMT 2 consists of imestone and limestone interbedded with less than 50 percent shale. The rock mass includes rock of
the Verulam and Lower Lindsay formations {the same as RMT 1). The distinguishing feature is the closer fracture spacing
and a very blocky rock mass structure. The rock mass is characterized by persistent horizontal bedding and a typical
fracture spacing of less than 20 om. The rock tends to be very blocky, consisting of partially disturbed, interlocked blocks
or slabs. RMT 2 is also further subdivided into RMT 2a and 2b. 1a includes rock from Lindsay Units 1 and 2 and 2b
inchudes rock from the Verulam formation.

RMT3: Faulis

This rock mass type consists of fault zones located in both shale and limestone. A total of seven faults are inferred along
the alignment with vertical offsets ranging from 4 to 40 m. The fault zones consist of broken rock with healed calite
veining and with some gouge material,

RMT4: Shale of the Billings Formation and Lindsay Unit 3

RMT 4 consists of shale and shale interbedded with less than 50 percent limastone. RMT 4 is composed of the Billings
formation and Lindsay Unit 3. It consists of blocky to very blocky rock mass with dominant horizontal beds. The shales are
known to swell upon stress relief and when in contact with fresh water. The shale is alsoc anticipated to swell due
oxidation when exposed to air.

BECTION 8.3
THE PROPOSED OTTAWA LIGHT RAIL TRANSIT PROJECT TUNNEY S PASTURE TO BLAIR STATHON




COW0544752

Interpreted stratigraphic profiles showing RMTs along the alignment are shown on drawings 1113-4GDD-82-1007 through
1012,

Geotechnical parameters for design for each RMT described above and in-situ stresses in rock formations are prasented
in a technical memorandum dated 08 June 2012, “Bedrock Formations and Rock Mass Types ~ Segment 2" prepared by
RTG.

Overburden in the Bedrock Buried Valley

Anticipated subsurface conditions in the bedrock buried valley east of Celonel By Drive are shown on Drawings 1113-
4GDD-82-1004 and 1113-4GDD-52-1013 and presented in technical memorandum dated 15 dune 2012, "OLRT - Ground
Treatment Reguirements for Tunneliing in the Rock Valley” by RTG. The mixed subsurface conditions and high
groundwater table anticipated in the bedrock buried valley will resull in difficuli tunnelling conditions and the need for 3
combination of dewatering and ground trealment. Table 5.3-4 shows the geotechnical parameters for the soils in the
bedrock buried valley.

Table 5.3-4 | Preliminary Soil Paramelers al the Bedrock Buried Valley

?Z
i /\
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Glcial Tl | 2124 | 00 50-160 | 03 0-3 : M- | S o "y
Sand and ” 05~ (.24 - 29~
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5.3.2.4 Hydrogeological Conditions
Regional Hydrogeology

The nearest areas serviced by groundwater are about 10 km {o the south, and the nearest local wells completed in the
geological units that are likely to be encountered during tunne! construction are about 20 km fo the east, based on
techiical memoramdum T19, by Golder, on “Hydrogeological analysis and interpretation of the OLRT Project Ottawa,
Ontario” dated 22 December 2011,

Regional groundwater flow is assumed to move northward, towards the Ottawa River, and both sastward and southward,
towards the Rideau River; whare it discharges. Vertical gradients from the overburden (where saturated) and hetween the
shallow and desper bedrock are challenging o evaluats dus to the presence of service frenches and drained foundations
in the downtown area, which introduce substantial variability in the waler table elevation. However, downward gradients
{L.e. higher hsad at higher elevations} are o be expected, (o the depth of the tunnel. The absence of systematic time-
synchronous data makes it difficult to assess groundwaler flow directions and gradients.

Based on interpreted stratigraphic profiles, the elevation of the bedrock potentiometric surface is generally within Z2m fo
12 m of the ground surface. At the West Portal, the potentiometric surface elevation is within the glacial deposits. At the
Downtown West and East Stations, the potentiometric surface slevation is within the bedrock Lindsay Formation. At the
Rideau Station, the potentiometric surface elevation iraverses the Leda Clay, ¢lacial deposits, and bedrock Lindsay
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Formation. The potentiometric surface elevation is within the Leda Clay at the East Portal. Locally “perched” water tables
may ocour {usually at higher elevations),

The fill and the glacial deposiis are the most permeable units, with the Leda Clay bsing the least permeable unit. The
bedrock formations (Billings, Lindsay, and Verulam) are the low-permeability units, except where fracturing occurs at the
bedrock/overburden interface. The bedrock units are considered poor to average in terms of available well yvield. Faulls
are recognized as zones with potentially high hydraulic conductivities based on technical memo T186, by Golder, on “Fault
study along OLRT tunnel alignment” dated 24 Cetober 20141,

The hydrostratigraphy at the proposed OLRT tunnel alignment is presented in Table 5.3-5. The overburden and bedrock
hydrostratigraphic units and sub-unifs are listed, from the surface down (young to old). The range of regional hydraulic
conductivities for each sub-unit anticipated at the site is provided.

Table 5.3-5 | Hydrostratigraphy

Fill Various, mainly loose permeable materials 2% 10-3-2x 104
OVERBURDEN Leda Clay Highly compressible sensitive clay 1x10-8 -1 x10-7
Glacial Deposits Mainiy till sa_ndy siltto §stty sand, with glacio- 2% 10-3 -2 X 10-5
fluvial sands, silts and clays
Billings Formation Bedrock shale {pyritic)
BEDROCK Lindsay Formation Bedrock limestonie with shale inter-beds 1x104-2x100
Verulam Formation Bedrock limestone with shale inter-beds

5.3.2.5 Hydrogeological Impact Assessment
Methodology

A three-dimensional (3D} groundwater flow model
was developed to estimate groundwater inflow and
drawdown related to excavation of the OLRT
tunnel portion in downtown Ottawa. The projectad
excavations are the running tunnels, thres
Underground  Stations  (Downtown  Wast,
Downtown East and Rideau), and both the West
and East Portals. Figure 5.3-8A shows the extent
of the 3D model domain and some samples of the
fevel of detall included in the model.

Figure 5.3-8A | Clockwise from upper left: {1) Head contours around running tunnel; {2) Colour-shaded regional heads
for model domain; (3} Mesh detall for excavation alignment and fauits; (4) Geologic detail for buried valley.

Simulations were performed using a 3D numerical groundwater flow model primarily based on geologic and hydrogeologic
data and the wnnel alignment. Resulls from the model include both simulated flows and drawdowns. The 2D extent of the
model domain is shown in Figure 5.3-8B together with the bedrock geology.
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Simulated flows after one day are assumed to be reasonable
estimates of "flugh” flows but this has yet to be confirmed by
more realistic modelling of the excavation sequence. Initial
flow estimates will be overestimated because the excavalion
was assumed fo ocour insitanianeously at the start of the
simulation.

Drawdown estimates are used to assess the potential impact
of dewatering on nearby sensitive marine clay solls located
south of the tunnel alignment. These clay-rich soils are known
{0 be compressible when loaded or when pore pressure in the
clay decreases due to groundwater level lowering. The
integrity of the foundations built on these sofls could be
impacted by settlement of the compressible clay caused by
groundwater drawdown. The low hydraulic conductivities
suggest that such setflement will ocour slowly and
construction practice may allow some drawdown recovery
sych that all potential settlement may not be realized.

Figure 5.3-58 | Modef Domain and Bedrock Geology
Modeling Assumplions

m Praliminary modelling assumed instantaneous excavation and installation of final lining after two years. Thasge
assumptions result in very high initial flows and a two-year pericd of drawdown before applving any mitigation
measures.

B No mitigation measures were applied in the modsl for the West Portal, Stations and running funnels west of
Metcalfe Streel.

w Rock tunnel excavations are assumed to have drained linings o allow drainage at the bedrock/concrete interface.
This drainage is assumed o be collected and removed at the bottom of the excavation. In the model, it is assumed
that drained groundwater inflow is a permanent condition,

B Mitigation measures for groundwater inflow and drawdown are only applied from Metcalfe Sireet to the East Portal.
For these excavations it was assumed that the permanent linings resist hydrostatic pressure and there is
consequently no groundwater flow to the excavation after it is lined.

& Groundwater is assumed to discharge freely from the beginning of the excavation for a two-year period before the
final lining becomes effective.

East Portal & Buried Valley Ground Trealment

B Scenarios were examined fo investigate the effectiveness of ground treatment before excavation in oritical zones
to reduce potential inflows and consequential drawdowns.

m For burled valley/Rideau Station {and a further distance of approximately 50 m inlo the bedrogk), the ground
around the excavation is assumed to be pretreated by grouting, and a zone of reduced hydraulic conductivity
exiending fo approximately 1.5 tunnel diameters was applied.

a Similar pre-treatment by grouting is assumed for the East Portal segment,

Modeliing Scenarios

The model was used to predict groundwater inflow and drawdowns for three major scenarios {and four modified sub-
scenarios). The drainage conditions and ground treatment applied in the model for the various scenarios are summarized
in Table 5.3-6.
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Table 5.3-6 | Summary of Modelled Scenarios

Construction Orained
1 Base Cass Drained
Posi-Construction Tanked
Construction .
2 ............................................ ............ Dra in ad
Past-Construction Tanked
E Construction Faulis treated Fre-Treated Drained Pre-treated
2a . Drained
Pra-Treatment F Post-Construction Tanked
Case Construction _ Faults treated i Pre-Treated Drained i Pre-treated
2b Drained
Past-Construction Tanked
Construction Drained Tankad Drained Pre-treated
2e Drainad
Post-Construction Tanked
"""""""""""""""""""""""""""""""""""""""" Construction _ Drained | Tanked | Drained | Pre-treated
3 7 Drained
Tanked Liner Post-Construction Tanked
Case Construction Faults freated Tankad Drainad Pra-treated
3a Drained
Post-Construction Tanked

m Base Case {Scenario 1} - All excavations are drained for an initlal period of two years. After two years, the
excavation between Melcalfe Streel and the East Portal is given an impervious tanked linar such that hydraulic
heads can recover.

m  Pre-treatment Case (Scenario 2} - Segments through the buried valley/Rideau Station and the East Portal are
surroundead with an annular zone of reduced hydraulic conductivity to simulate ground treatment. As with the bage
case, all excavations are drained for an initial period of two years. After two years, the excavation between
Metcalfe Streef and the East Portal is given an impervious tanked liner such that hydraulic heads can recover,

m  Faull Treatment (Scenarie 2a) - Critical fault-intersections west of Matcalfe Strest are agsigned low hydraulic
conductivity o simulate grout treatment.

m  Reduced Fault Hydraulic Conductivity {Scenario 2b) - Critical faull-intersections west of Metcalfe Street are
assigned low hydraulic conductivity to simulate grout treatment. The hydraulic conductivity along all fault planes is
reduced by an order of magnitude relative to the base cass.

m Reduced Hydraulic Conductivity Treatment (Scenario 2¢) - Critical fault-intersections west of Metcalfs Strest
are assigned low hydraulic conductivity to simulate grout treatment. The hydraulic conductivity along all fault
planes is reduced by an order of magnitude relative to the base case. The hydraulic conductivity of the treatment
annulus is reduced by an order of magnitude relative to the pre-treatment case.

m Tanked Liner Case {Scenario 3} - Segments through the buried valley/Rideau Station are given a tanked liner at
the time of construction. All other excavations are drained for an initial period of two years. After two years, the
unlined portion of the excavation between Matcalfe Street and the East Portal is given an impervious tanked finer
such that hydraulic heads can recover,

w Fault Treatment (Scenario 3a) - Segments through the buried valley/Rideau Station are given an impervious liner
at the tme of construction. Critical faull-intersections west of Melcalfe Street are assigned low hydraulic
conductivity to simulate grout treatment.

SECTIONS.S
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Modelliing Resulls

Both inflows and drawdowns during construction and post-construction were simulated using the model. The model was
also used to evaluate alternative ground-treatment options.

Groundwater Inflows

The modelled groundwater inflow resulis appear to provide reasonable flush-flow estimates consistent with various
approximate analytical estimates with idealized assumptions for boundary conditions (Thiem, 1904, Goodman et al,
1965; Heuer, 1995, Heuer, 2005). The groundwater modelling suggests that the cumulative “instantaneous” inflow rate to
the entire excavation may be in the range of 15,000 Limin to 1,500 Limin,

inflows were estimated for five tunnel segments: {1} the permanently drained bedrock running tunnsl from West Portal to
Metcalfe Street; {2} the bedrock running tunnel East of Melealfe Street to the buried valley; {3) the buried valley/Rideau
Station and 50 m buffer zones; {4} the bedrock running tunnel from the buried valley to the East Portal; and (5) the East
Portal and 50 m buffer zone. The conclusions of this analysis are as follows:

m  Bedrock Running Tunnel Inflows {segments 1, 2, and 4} - Inflow rates per m-run normalize flows for segment
tengths and are used for the following discussion. For the bedrock Running Tunnels, predicted inflows affer two
years range from 0.27 to 0.06 L/imin/m.

- After two years, the highest inflows for the base cass are for the Rideau Station to East Porlal, segment {4),
For the pre-treatment cases the highest inflows are associated with the West Portal 1o Melcalfe Street,
segment (1), For the tanked-iiner cases, the highest inflows are associated with the Metcalfe Strest to
Rideau Station, ssgment {2).

- After four years, the simulated inflows fo the permanently drained segments (1, 2) range from 0.20 1o
0.03 Limin/m with the lowest values assoclated with the reduced fault conductivity cases.

- Relative to the base case, inflows tend to decay more slowly for cases where the ground has been pre-
treated (Scenarios 2 and Scenaric 2a) as a result of slower drainage through the treated zone.

- Relative to Scenario 2, inflows for reduced faull conductivity cases {Scenario 2b and Scenario 2¢) are
reduced as a result of slower drainage through the effective reduction in overall bedrock hydraulic
conductivity (a consequence of reducing the effectiveness of the fauli-network conduits).

- Relative to the base case, inflows for the tanked liner cases {Scenario 3 and Scenario 3a) are reduced as a
result of the reduction in the lotal length of the deep drained tunnel,

m Buried Valley/Rideau Station Inflows (ssgment 3} The predicted inflows after three months range from 140
L/imin to 31 U/min, After two years the predicted flow rangs is 42 L/min to 10 L/min,

- For the base case (Scenario 1), simulated inflows decrease from 140 Limin after three months to 42 L/min
after two years,

- For the pre-treatment case {Scenario 2), simulated inflows decrease from 65 L/min after three months to
10 Limin after two years,

- For the pre-treatment case with fault treatment (Scenario 2a), simulated inflows decrease from 83 L/min after
three months to 12 Umin after two vears. These resulis are very similar to Scenario 2 with the slight increase
attributed to the loss of the fault as a drain,

- For the pre-treatment case with reduced faull conductivity {Scenaric 2b), simulated inflows decrease from
58 Limin after three months to 31 L/min after two years. Reducing fault conductivity reduces not only the
inflow but also the rate of decay of inflows.

- For the pre-treatiment case adding more effective pre-freatment {Scenario 2g), simulated inflows decrease

from 31 L/min after thres months {0 28 Limin after two years. More effective preltreatment reduces the inflow
after two years by only a small amount, but earlier flows {after three months) are reduced by more than 50%

and the total volume of drainage over the two-year period is significantly reduced,

- The tanked liner cases {Scenario 3 and Scenario 3a) eliminate inflows at the buried valley/Rideau Station by
assuming immediate lining. Simulated inflows to the buried valley/Rideau Station are, consequently, zero.
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-~ For all cases, after two years when the permanent liner Is installed, further drainage is halted.

w East Portal Inflows {segment b} The predicied inflows after three months range from 34 Limin to 1.1 L/min. After
two vears the predicted flow range is 1.9 Umin to <0.1 Limin,

- For the drained base case {Scenario 1), the East Portal becomes unsaturated after less than a vyear.
Simulated inflows decreass from 34 m3/d (24 L/min) after three months to <0.1 Limin after one year.

- For the pre-treatment cases (Scenario 2 and Scenario 2a), inflow estimates are reduced from 3.7 L/min and
5.7 Limin respectively to <0.1 Limin after two year,

- For the reduced fault conductivity cases {Scenario 2b and Scenario 2o), small inflows between 1.1 and 2.6
L/min were simulated after three months reducing only slightly to 0.9 and 1.9 L/min after two years as a
consequence of the treatment "backing-up” heads and delaying drainags.

- For the tanked liner cases {Scenaric 3 and Scenario 3a), the East Portal was simulated as pre-treatsd {not
tanked) and the simulated inflows fell from 1.0 and 1.1 U/min respectively after three months to <0.1 Limin
after two years, consistent with other pre-treatment cases (Scenaric 2 and Scenaric 2a).

- For all cases, after two years when the permanent liner is installed, further drainags is halted.

m Entire Excavation Inflows (segments 1, 2, 3, 4, 5): The predicted inflows after three months range from 1,100
Limin to 580 L/min. Alfler two years the predicted flow range is 530 Limin to 240 Limin and after four years 370
Limin to 100 Limin.

- The base case simulation {Scenaric 1) indicales that cumulative groundwater inflow rate to the entire
excavation is expected {o decrease from 1,000 Umin after three months to 350 Limin after two years and
150 Limin after four years.

- The pre-treatment case simulation {Scenario 2} indicates that cumulative groundwater inflow rate to the
entire excavation is expecied to decrease from 1,100 Limin after three months to 530 Limin after two years
and 370 Limin after four vears. The effect of pre-treatment is to "back-up” heads and delay drainage. Local
fault treatment {Scenario 2a) has little impact on total inflows 1o the entire excavation,

- Reducing the conductivity of the fault network {Scenario 2b and Scenario 2¢) reduced simulated inflows by
approximately 45-55 percent: after three months to 580 Limin, falling to 280 L/min after two years and 230
[/min after four years,.

- For the tanked liner case, the predicted inflow rate after three months was 870 L/min falling to 240 Limin
after two years and 100 U/min after four years. The reduced flows relative to the base case and pre-
treatment case result from reducing the length of drained excavation and efiminating direct inflows from the
buried valley. Local fault treatment {Scenario 3a) has little impact on total flows to the entire excavation.

Groundwater Drawdowns

Table 8.3-7 presents simulated drawdowns for the critical buried valley/Rideau Station and East Portal excavations.
Maximum values are based on four specific boreholes for each location. Figure 5.3-6 provides an example of contoured
values.

Table 5.3-7 | Simulated Drawdowns

2 years 258 8.0
1 Base Case

4 years 1.0 1.2

2 years 218 55
2 Pre-Treatment Case

4 years 28 18
28 with fault treatment 2 yaars 21.5 53
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with fault freatment ‘ . .. . .
b and reduced fault conductivity < Yot 180 o0

with fault treatment
28 and reduced faull conductivity 2 years 13.2 2.4
and reduced pretreatment conductivity
3 | Tanked Liner Case 2 years 74 47
da with faull treatment 2 years 4.2 3.6

w The maximum drawdown simulated at the
overburden/bedrock interface for the base case
{Scenaric 1) after two years was 25.6 m near
the buried valley and 9.0 m at the East Portal.
Following installation of the tanked liner after 3
further two years, the drawdown near the
buried vallsy recovers 1o less than 1 m and at
the East Portal to less than 1.2 m.

m For the pre-lreatment case, after two years the
maximum  simulated  drawdown al  the
overburden/bedrock interface was 21.6 m near
the buried valley and 5.5 m at the East Portal.
Following installation of the tanked liner after a
further two years, the simulated drawdown near
the buried valley recovers {o approximately
20m and 1.6m at the East Pertal. The
simulated  pre-treatment  was  effective in
reducing drawdowns at the East Portal {by 40
to 50 percent), but ineffective at the buried valley.

a |he tanked liner case {Scenario 3) resuits in maximum simulated drawdowns of 7.4 m in the buried valley after two
years {relative fo 25.6 m for the base case). For the East Portal, the drawdowns were 4.7 m {compared to 8.0 m
for the base case).

A EAYT RIS

Figure 5.3-6 | Simulated Drawdown affer Z years {Scenario 3}

The limited effectiveness of the pre-treatment case in the buried valley is a conseguence of two assumptions in the
model: a hydraulic conductivity of 1.5 x 107 m/s for the treated annulus; and permeable fault zones in the bedrock,
allowing low heads in the drained tunnel segment o be ransferred to the buried valley. Scenarios 2a, 2b, 2¢ and 33
examine the sensitivity of model predictions o these specific assumptions:

m  For scenario 23, the simulated drawdowns after two vears around the buried valley remained at 21.5m. The
simulated faull treatment was ineffective in reducing drawdown in the buried valley (although drawdowns after one
year were reduced by about 10 percent).

m Scenario 2b reduces the faull zone hydraulic conductivity in the mods! by an order of magnitude. Such a reduction
is consistent with testing of fault intersection and Factured bedrock. The simulated drawdowns afier two years
around the buried valley remained at 18.0m. The reduction in drawdowns, relative to the base case, are
approximately 30 percent. Less condugctive faults result in lower drawdowns.

e Scenario 2¢ reduces the hydraulic conductivity of the treated annulus and uses a value of 1.5 x 10-8 m/s. This
agsumption is consistent with expected results for successful jel grouting trealment. After two years, the maximum
simulated drawdown at the overburden/bedrock interface was 13.2 m near the burled valley, and less than 2.4 m at
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the East Portal. The simulated pre-treatment was effective in reducing drawdowns at both the buried valley and
East Portal {relative to the base case) by approximately 50 to 70 percent,

#  Scenario 3a for the tanked liner with fault treatment resulls In the smallest maximum drawdowns simulated at the
buried valiey 4.2m and relatively modest drawdowns at the East Portal 3.6 m. Simulated fault freatment is
sffective for the tanked liner case.

5.3.2.6 Tunnel Alignments

Ground conditions along the proposed tunnel alignment can be broadly categorized in four sections according to the
overburden stratigraphy as follows:

m West Portal to the bedrock valley near Rideau Strest - Overburden thickness in this section generally ranges from
2 to 5m. it consists of fill up to 5 m thick underlain by small pockets or seams of sand and silt which, in tumn, is
underlain by a fairly continuous layer of till. The il layer ranges from 0 to 4 m in thickness. There are also a few
discontinuous clay deposits up to 2 m thick underlying the fill and above the till. The groundwater table in this section
of the alignment is generally just below the bedrock surface.

w Bedrock buried valley near Colonel By Drive and Ridesu Street - In this area the bedrock surface dips sharply
and the overburden thickness reaches a maximum of approximately 37 m. The overburden consists of 2 fo 4 m of §lf
over 2 to 4 m of clay, which in turn overlies a reworked till material that fills the bedrock valley. The till-like material in
the valley consists of a heterogensous mixture of clay through boulder-sized material. In general, the malrix consists
of silty sand to sandy silt with trace clay. Material density varies widely based on the SPT N values recorded during
the GDR investigation work. The groundwater table in the valley is approximately 6 m below the ground surfacs.

w East side of the bedrock valley to ahout 80 m north of where the alignment crosses Laurier Avenue - In this
section the overburden is typically only 4 m thick and consists of fill overlying some small isolated pockets of tili which
overlies bedrock. The groundwater table is generally located about 2 m below the bedrock surface,

m  Approx 80 m north of Laurier Avenue to East Portal - This section is characterized by deep clay deposits. Bedrock
depths range from 4 m to a maximum of 26 m. The overburden consists of a thin laver of fill up to 2 m thick which
overlies clay ranging from 3 m fo 19 m in thickness. The clay generally overlies a thin layer of till which overlies
bedrogk. The groundwater table is located near Elevation 63 m, within the clay deposit.

The bedrock sequence through which the tunnel will be excavated consisis of the Billings, Lindsay and Verulam
Formations. Most of the tunnel will be excavated within the Lindsay and Verulam Formations with the exception of a short
saction near the Downtown East Station which will encounter the Billings Formation.

5.3.2.7 Major Shafts Larger than 3 m in Diameter

Table 5.3-8 summarizes several large shafts required for construction of the running tunnels and Station structures, and
the anticipated ground conditions.
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Downtown West 187 mx 14.2 Overburden — 4.5 m
Station 304m depth
West Entrance Rock ~ 9.7 m depth
Water table - 5.5 m
below ground level
Downtown'West | 50mx87m 127 Overburden — 2.4 m
Station depth
Wast Vent Shaft Rogk - 10.3 m depth
Waler fable - 3.5 m
below ground level
DowntownWest | 50mx67m 12.7 Overburden - 5.5 m
Station depth
East Vent Shaft Rock — 7.2 m depth
Water table - 10.0m
below ground level
‘‘‘‘‘
Downtown East | 28mx 107 m 164 Overburden -5.0

Station

East Vent Shaft

depth
Raock - 11.1 m depth

Water table ~ 6.7 m
below ground level
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Downtown East | 286 mx 107 m 161 Overburden — 4.5 m
Station depth
West Vent Shaft Rock - 11.6 m depth
Water fable ~ 4.0 m
below ground level
DowntownEsst | 153mx54m 148 Overburden = 5.0 m
Station denth
Eleyator Shaft Rogck - 8.8 m depth
Waler fable ~ 8.5 m
below ground level
Downtown East 1hmx2hm 18.5
Station
Construction
Access Shaft
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i

394 m
East Entrance depin
@ Rock ~ 26.0 m depth
# Watertable ~ 486 m
below ground lsvel
""""" RideauStation | 115mx | 289 | g Overburden-6.0m
384 m depth

West Entrance
g Rock — 22.2 mdepth

®B Water table - 50 m
below ground level

53.2.8 Geotechnical Profiles

The borehole locations, relevant borshole logs and interpreted stratigraphic profiles along the tunnel and underground
stations are provided on drawings 1113-4GDD-52-1000 through 1606.
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5.3.3.1 Temporary Support Methods at Portals

The running tunnel daylights into the cut-and-cover and U-shape structures at both the West and East Portals to reach
grade level:

m West Portal - The running tunnel daylighis into an approximately 200 m-long cut-and-cover section and
approximately 100 m-ong U-Shape structure o reach grade. The cut-and-cover section commences west of the
Commissioners St. right of way. Excavation support is largely by pile and lagging walls except at the construction
porial where a braced secant pile wall is used.

Subsurface conditions at the West Portal are characterized by an escarpment with a nearly vertical rock face,
Subsurface conditions along the proposed retaining wall consist of overburden soils of variable thickness underlain by
sloping bedrock. The overburden soils consist of surficial fill material underdain by very dense silty sand il The
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sedimentary bedrock belongs o the Verulam Formation — Unit 2. Subsurface conditions at the West Portal are shown on
Drawing 1113-4GDD-82-1001.

Temporary support of the excavation system at the West Portal will consist of soldier pile and lagging walls in the
overburden, laterally supported by struts andfor rock anchors, and a combination of rock dowsls and shotorete in the
bedrock. The final structure will consist of a watertight cast-in-place concrete box,

Recommendations for the design of the West Portal temporary support of excavation and cast-in-place box structure
have been included in a technical memorandum dated 11 June 2012, “East and West Portals — Lateral Fressures for
Support Design” by RTG. Figure 5.3-7 shows the plan at West Portal.

Figure 5.3-7 | Plan at West Portal
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m East Portal - The running tunnel davlights inte an approximately 130 m-long cut-and-cover section and approximately
146 m-long U-shape structure to reach grade. The cut-and-cover section commences sast of the Laurier Avenus right
of way. As there is a polential issue with the sensitive Leda Clay in this area which could cause excessive surface
settlemnents under water table drawdown, support to the excavation will be provided by secant plle walls that extend
to bedrock to seal the excavation from groundwater ingress during construction,

Subsurface conditions at the East Portal are variable along the proposed relaining wall, and consist of overburden solls
of variable thickness underlain by sloping bedrock at the north side of a buried valley in the bedrock. The overburden
sofls consist of surficial fill material underlain by silty day and clay-like siit (Leda Clay), and silt and sandy silt till. The
sedimentary bedrock belongs to the Lindsay Formation ~ Units 2 and 1. The subsurface conditions at the East Portal are
shown on Drawings 1113-4GDD-82-1006 and 1113-4GDD-82-1013.

The temporary support system at the East Portal will consist of watertight secant piles or slurry trench walls in the
overburden, laterally supported by struts at ground surface elevation, and a combination of rock dowels and sholerete in
the bedrock. The final structure will consist of a waterlight cast-in-place concrete box. The recommendations for design
of the East Portal lemporary support of excavation and cast-in-place box structure have been included in a technical
memorandum dated 11 June 2012, “East and Wast Portals — Lateral Pressures for Support Design”. Figure 5.3-8 shows
the plan at East Portal.
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Figure 5.3-8 | Plan at East Portal
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5.3.3.2 Temporary Support Methods at Shaft and Station Accesses

All shafts, with the exception of those within the buried valley at the Rideau Station, will extend through the overburden
and into the rock. Shaft excavations through overburden will be typically be supported by temporary shoring; preliminary
details for these elements are shown on the drawings. Typically temporary shoring will be by tie-back, soldier, or secant
piles as appropriate. Excavation through rock will be by mechanicalmeans . Temporary support within the rock will vary
from only shoterste support for small shafts and/or good rock, fo spot bolting and shoterste, or sholorete and patiern
bolting, depending on the rock and in-situ stress conditions at each shaft location.

5.3.3.3 Descriptions of Shaft and Station Accesses
Downtown West

There are two accesses; the west entrance to the south of the station at Lyon St. and the east entrance at the Crehoy
building on the north side of the cavern;

West entrance — The building Is at Lyon and Albert Streets. A shaft of approximatsly 30 m by 18 m will be constructed
through overburden and rock to provide access from the surface-access building. A tunnel will then run from this shaft
banaath Lyon Street to the Station cavern concourse level. Excavation support will be a braced and tied pile and lagging
waill through the overburden, with rock bolls to support the excavation in rock. The Lyon Strest pedestrian tunnel will be
excavated from the shaft under relatively low rock-cover conditions which will require spiling, latlics girders, and sholcrele
for the initial length followed by pattern bolting and shoterete for the remainder. Figurs 5.3-8 shows a cross-section at
Downtown West — West Enlrance.
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Figure 5.3-9 | Downtown West Stalion — West Entrance
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East entrance - In the first and basement floors of the Crehoy and Place DeVille buildings, the entrance will require
cutting and strengthening floor slabs for vertical access perforations, The connection o the Station cavern concourse
level will be vig a short D-shaped tunnal excavated through the basement foundation wall to the side of the Station
cavern, The unnel will be drained type, with a waterproof membrang installed over the arch and sidewalls,

Two ventilation shafts penetrate the cavern roof at either end of the Station. The overburden sections of these will be
supported by braced piles and lagging, with sections in rock supported by sholorete and rock dowels as required to the
top of the cavern, The shaft will then be filled with foam concrete and re-excavated once the Station cavern permanent
fining is in place.

Downiown BEast

There are two escalalor/stairs and an elevator access, one palr at the west end of the cavern and ancther pair at the east
end. These accesses are {o be located in the existing lanes which will be acquired for this purpose. The escalator/stair
acosss are inclined from strest level, Overburden sections will be supported by piles with the lagging tied o rock and the
inclined shaft excavated. To support the rock and overburden at the start of the inclined excavation, ground improvement
by jet grouting and pipe spiles will be required. A heavy shoterate arch will then be installed. The excavation will then be
hackfilled with foam concrete and re-excavaled once the permanent concrete lining is installed. As the excavation for the
elevator shafts is vertical, excavation support will be simpler and ground improvement and spiling will not be required.
Figure 5.3-10 shows the Downtown East ~ East Entry Shaft proposed construction.

Figure 5.3-10 | Downtown East - East Entry Shaft Construction

Two ventilation shafts penetrate the cavern roof at either
end of the Station. For these, overburden will be supported
by braced piles and lagging and the shaft in rock supported
by sholerete and rock dowels as required 1o the fop of the
cavern. The shaft will then be filled with foam concrete and
re-excavated once the Station cavern permanent lining is in
place. The inclined and vertical shafts will then be
waterproofed and permanent reinforced concrste linings
installed, Figure 5.3-11 shows the proposed ventilation
shaft construction at Downtown East Station.
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Figure 5.3-11 | Downtown East Stalion Enfry Shaft Construction
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Hideau Sigtion

Two accesses are to be initlally constructed on the north side of the Station cavern: the west entrance in the Freiman
Mali, and the east enfrance at William Street. Facilities for two fulure entrances on the south side of the Station cavern
are to be considered in the design.

The west entrance building in the Freiman Mall extends from the first fioor to below the basement level of the building.
Facility for five high-speed elevators and an emergency access stair is requirad. A shaft will be constructed through the
axisting basement lavel of the Freiman Building, through the overburden and into rock. The Freiman building columns are
supported on footings resting on the overburden; therefore, the footing will be under-pinned using micropiling prior to
excavating the overburden. The overburden will then be supported with piles and lagging, and the shaft excavated by
machanical means. In the interests of safety and constructability, we have relocated this shaft to the sast to ensure that iy,
and the access tunnel to the Station, is located entirely in rock. However, dus to the proximity of the Rideau buried valley
and the potential for weathered rock, some treatment of the rock by grouting from within the excavation is anticipated. On
complstion of the excavation, the fully waterproofed reinforced concrete lining will be installed. This entrance will require
ctitting and strengthening floor slabs for vertical access perforations.

The east entrance building is located at William Street. For this entrance, a 40 m by 16 m shaft will be consiructed
through overburden and rock to provide access from the surface-access building. A short tunnel will then run from this
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shaft to the Station cavern concourse level. The excavation will be between basement foundations that are founded on
rock, 80 no support is required on these edges through the overburden. A pile and lagging wall braced to rock will be
installed for support at Rideau Streel and overburden sloped back at the north side. The section of the shaft in rock will be
supported by grouted rock bolls and shoterete as required. These structures will be fully waterproofed. Figure 5.3-12
shows the William Street Entry Shaft construction for Rideau Station,

Figure 5.3-12 | Rideau Station — William Street Eniry Shaft Construction

Two ventilation shafts penelrate the cavern roof at sither end of the Station. For the east shaft, the overburden will be
supported by braced piles and lagging and the rock supported by shoterete and rock dowels as required to the top of the
cavern. The west shaft will be entirely within the Rideau buried valley and ground treatment by jet grouting will be
implemented if it is identified as required during detailed design. The east shaft will then be filled with foam concrele, and
re-excavated once the Station cavern permanent lining is in place.

MEF Connection Tunne! below VIA Rall Tracks

The rail connection to the MSF Facility requires construction of a 11.5 m-wide by 6.5 m-deep reinforced concrete box
structure at a depth (o top of the box structurejof 1.6 m beneath the VIA Rail tracks. it is anticipated that opportunities for
possession of the VIA Rail tracks will be limited and a methodology which involves tunnelling below the rall tracks to
permit installation of the concrete box structure has, therefore, been developsd.

Ground conditions at the crossing consist of fill and glacial till to a depth of 3.5-4.0 m with Billings Formation bedrock
below. The groundwater table is located close to the surface and dewatering of the soft ground deposits will be required
before commencing tunnelling operations below the VIA Rail tracks.

Drawings 1314-418K-54-8001 to 8004 detail our proposed methodology for constructing the tunnel below the VIA Rail
tracks. It will be essential to minimize loss of ground in the upper soft ground deposits, and the key slements in our
proposed tunnelling methodology to note from the drawings are as follows:

B Advance dewatering of the soft ground deposits below the railway. At this stage, it is expected that this can be
achieved by the means of four dewatering wells drilled o bedrock.

B Secant piling on either side of the Via Rall tracks to permit establishment of retained cuts, from which tunnelling
operations can proceed,
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g 1he advance installation of an array of 23 x 22 m-long, 0.6 m-diameter steel tubes or casings al an approximate
depth of 1.3 m below the VIA Rail tracks, using ‘jack and bore’ techniques to form an ‘umbrella’ which will permit
tunnelling to proceed without disturbance fo the tracks above. ‘Jack and bore’ methods are commonly used for
installing sewer pipe crossings beneath road and rall comidors and involve jacking of steel wbes in advance of 3
continuous auger rotating which permits spoil removal behind a rotating cutter head. The auger and cutter head
extend the full length of the casing being jacked. By jacking the steel casing a short distance ahead of the auger, it

is possible to minimize the ground loss at the excavation face.

Advancement of the funnel in 1 m-long sections with temporary stesl support frames installed below the steel tube
‘umbrella” at 1 m intervals. These temporary support frames are left-in-place and bacome part of the final concrete
box structure which will be cast-in-place on completion of tunnel excavation operations.

Constant monitoring of the VIA Rail tracks during jack and bore stesl casing installation and tunnel excavation
operations with the necessary equipment on standby for adjusting rail levels whare necessary.

5334
initial Rock Support

Drawings for Cut-and-cover Structures in Soil and Rock

Table 5.3-9 | Drawings for Cut-and-Cover Structures in Soif & Rock

1270 - 41D0 - 32 ~ 1001 Wast Portal — Support of Excavation - General Plan
1270-41DD- 52~ 1002 thru 1004 | West Portal - Support of Excavation — Plans 1,2830f3
1270 - 4100 - 82 ~ 1005 thry 100 West Portal ~ Support of Excavation & Concrete — Sectional Elevations~ 1,28 3 of 3

1270 -41DD - 52 - 1101 West Portal — Support of Excavation & Concrate — Sections
- 82 - 1201 Waest Portal - Support of Excavation & Concrete - Section & Details
- DW - 1005 Downtown West - Szi;:agmrt of E;éé{faticm - Plan

1270 - 4100 - DW - 1006 & 1007 Downtown West — West Entrance ~ Congrete - Plans 1 & 2 of 2
1270 - 41D0D - DW - 1103 i Downtown West — Wast Entrance — Support of Excavation Sections
1270-4100 - DW - 1104 Downtown West — West Entrance — Conerete Formwork Sections

1270 - 410D - DE - 1008

1270 - 410D - DE - 1101

Downtown East - Vent Shafts Excavation & Support — Flan & Gections

Downtown East - Elevator Shafts Excavation & Support - Plans & Sections

1270-41BD - DE - 1102
2050 - 4100 - DE - 1103

Downtown East ~ Escalator Tunnels Excavalion & Support Seclions

Downtown East - Construction Entrance — Support of Excavation Plan

2080-41DD - DE - 1104

Downtown East ~ Construction Entrance ~ Support of Excavation Sections

0-4100 - RD - 1104

1270 - 410D - RD - 1008

Rideau - West Entrance - Support of Excavation Plans

1270- 410D~ RD ~ 1005

Rideau ~ East Enfrance — Concrete ~ Plans

1270-41DD-RD - 1104

1270-41DD - RD - 1105
1270 - 4100 -RD - 1108

Rideau — East Entrance — Support of Excavation — Sactions

Rideay - East Entrance - Concrele - Sections

Rideau — West Entrance - Support of Excavation — Sections

1270 -41DD - RD - 1107

Rideau ~ West Entrance - Conarete Sections

1270-41DD - 52 - 1009

East Portal - Support of Excavation — Gensral Plan
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1270 - 410D - S2 - 1013 thru 1015 East Portal - Support of Excavation & Concrele — Sectional Elevations - 1,2 & 30of 3
1270 - 41DD - 82 - 1102 East Portal - Support of Excavation & Concrete Sections
1270 - 440D - 82 - 1103 East Portal ~ Support of Excavation & Concrets Sections

This Section does not apply to the RTG bid, as our methodology does nof require use of a funnel boring machine
{TBM) for excavation and Bning of the running funnel. Details of our methodology and analysis methods for the
running funnel are covered in Section 5.3.5 - MINED STRUCTURES ~ CONSTRUCTION METHODOLOGY &
ANALYSIS METHODS

5.3.5.1  Running Tunnel in Rock

Design and construction for the running tunnel in rock are described below.
Construction Methodology

Initial support for the running tunnel will be provided using epoxy or cement grouted rock dowels and shotorete, The
tunnel will be excavated using roadheaders in a single heading followed by an invert bench. Where required, rock bolis
will be installed at every round of excavation with shotorete following a short time afterwards. Due to the relatively high
horizontal stresses along the majority of the tunnel, rock dowels and shoterate will extend to just below the spring line to
control side wall stability. Preliminary rock support classes (1, I, IV and V) were developed based on the RMT, stress and
water conditions, and resulting ground behavioun,

Class |- Spot bolling, mesh and shoterete for support of rock wedges formed by distinet discontinuities
Classes I & IV - Patlern bolting, mesh and shotorete for support of rock mass behaviour caused by blocky
gonditions

# Class V - Pre-support using pipe spile canopy, heavy pattern bolting, mesh and shotorete for poor rock conditions
including faulting. Additionally, face support using fibreglass dowels is expecied to be required in fault zones as
well as areas of low cover and poorer rock conditions.

Al both the West and East Portals, low rock cover does not allow for a proper rock arch to form and the rock support
classes do not apply. To control deformations and support the overburden load, a sequential excavation approach with a
pipe spile cancpy, siesl sets and sholorele is envisaged. Preliminary support types (Type 1 and 2} were developed. As
the cover increases, the support will be transitioned into the various rock support classes described above, Due to the low
rock cover and the possibility of face collapse, face support using fibreglass dowels is expected to be required.
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Design Analysis

The design, performance requirements, and general design methodology for the initial and permanent lining for the
running tunnels will comply fully with the structural criteria in Project Agreement (PA) Schedule 15-2, Part 3.

Preliminary Design of Initial Rock Support

Rock mass types and rock strength parameters (RMR, Q, Hosek and Brown GSl, 04, m and s values) have been
determined along the length of the tunnel. Considering the rock mass type, strength parameters, groundwater and in-sity
stresses condtions, rock mass behaviours were developed for various conditions. Rock support was then estimated using
empirical methods (Bartor's Q and Bienaswski's RMR} for each of these rock mass behaviours. The allowable length of
unsupported rock was estimated based on construction considerations and rock conditions. FEM analysis for various
conditions was performed using the program PhaseZ. To estimate the 3D effects of face support, an analytical approach
{Hoek, Camranz-Torres, Diederichs, Corkum, 2008} was used to determine the longitudinal deformation and softening
ratio. Ground-reaction curves were developed by modelling excavation stiffness at various stages of excavation. The
selected rock support was then assessed using the ground reaction and support reaction curves considering the location
of application rock support behind the excavation face. A minimum safety factor of 1.5 for the support system was used
for this temnporary condition.

For final design of the initial rock support, 3D finite-element or finite-difference analysis will be used to assess the sffects
of face support and the stability of the face considering the RMT and particular location along the alignment. The tunnsl
response and rock support will then be modelled using 2D finite element or finite difference analysis, again considering
the location of rock support behind the face. The program UnWedge will be used to assess the rock support required for
wedges created by distinet discontinuities. Output from these analyses will be rock-support classes for defined rock-mass
behaviours. Application of these classes during construction will be based on geological mapping within the tunnel and
assessment of the cument rock copdition at the face as well as measured performance of the funnel as mining
progresses. Reassessment of the rock classes may be reguired based on measwred performance as compared fo
predicted performance of the tunnel for a particular rock condition and expected rock mass behaviour,

5.3.5.2 Running Tunnel in Soft Ground
Construction Methodology

The running tunnels will be excavated through the soils of the buried valley over a length of approximately 55 m wast of the
present location of Rideau Station. As described above, the soils deposited in the buried valley are mainly sandy silts, silty
sands, and till and til-like deposits. The SPT N values of the deposits range from below 1 to more than 50, where the higher
blow counts are likely associated with the presence of cobbles and boulders in the soil.

The following measures will be required to ensure the stability of the ongoing tunneling operation:

m  Grouting of the sand layers and/or dewatering measures from within the tunnel
B Installation of additional face support measures and pre-support measures
m  Shortening of the length of the excavation round

To facilitate tunneling of the running tunnels in soft ground conditions, a design approach has been selected which includes
the following features:

m 1he subdivision of the excavation face into multiple drifts and immediate flashorete support of the excavated
ground, followed by a sholcrete arch with & thickness 500 mim.

B A grouted barrel vaull, which will be installed over the entire length of the soft ground section from within the rock
section.

B Probing ahead of the excavation face and grouting of the water bearing sand layers.

At the current tender stage of the design, three pre-support andfor pre-ireatment methods of these soils are considered
feasible:




COW0544752

B A systemalic dewatering scheme installed from the surface and/or from within the tunnel, o depressurize the sand
layers within the tll, in conjunction with a heavy grouted pipe umbrella pre-support,

# Two rows of jel grouting columns forming a roof over the tunnel and cavern top headings installed from within the
tunnel in conjunction with dewatering and depressurization of the sand lenses in the face ahead of the tunnel and
around the tunnel perimeter, including below the tunnel invert.

w Full face jet grouting from the surface.

Although full-face jet grouting from the surface may be viewed as the most robust option, it is also the most expensive and
most disruptive at the surface. In addition, as the expected jet grout column diameter depends on the locally treated soils,
the variability of the glacial deposits may pose challenges fo create a uniformly improved jet grout body, A
costibenefitimpact analysis determined the most-appropriate ground freatment method to be a systematic dewatering
scheme installed from the surface and/or from within the tunnel, to depressurize the sand layers present within the i, in
conjunction with a heavy grouted pipe umbrella pre-support.

Running tunnels in the buried valley section will be excavated in a single sidewall diift excavation and support sequence
under the pre-support of a grouted pipe umbrella. Eighteen-metre-long perforated and grouted steed pipes {type "ALWAG” or
*RODIC™ will be installed at a lateral spacing of 300 mm above the tunnel roof. Pipes will be installed every 12 m length of
tunnel, resulling in an overlap {and minimum length ahead of the advancing face) of the pipe umbrella of 6 m. The first
sidewall drift will be excavated in a top heading, followed by bench and invert excavation. After closing the ring in the
sidewall diiff, the remainder of the tunnel is also excavated in a top heading, bench and invert sequence. In a last stage after
closing the final support ring, the temporary sidewall will be removed o provide the full twnnel cross section. Detalls of this
axcavation and support sequence are shown in Figure 5.3-13.

Figure 5.3-13 | Excavation Sequence for Running Tunnel in the Buried Valley

4

Design Analysis

The prefiminary design for this section of the works has been performed using 20 finite element analysis using the program
Phase?. The described excavation and support sequence is inpul in a mulli-stage modelling approach, and lining forces as
well as round deformations are determined. For the final design stage of the Project, the stability of the tunnel excavation and
support sequencs will be assessed in mors detall using 3D finite element analysis,

5.3.5.3 Station Caverns in Rock

The Downtown West and East Stations are nominally 18 m wide x 120 m long x 13 m high, while Rideau Station is
nominally 20 m wide x 120 m long x 18 m high. The structures are in two levels with a continuous concourse above the
track and platform level throughout, except at Downiown West where the concourse s inferrupted by a
pedestrian/vehicular underground link between the Canadian Chamber of Congress and the Sun Life Place Financial
Cenire buildings. This link is to be maintained and incorporated into the dasign.

Design and performance requirements for the permanent lining for the three Stations will comply fully with the structural
criteria in PA Schedule 15-2, Part 3. Design and performance reguirements for interior structural slements contained
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within the exterior shell of the underground mined Station structures, and renovations to existing buildings impactad by
the Station construction, will comply fully with PA Schedule 15-2, Part §, Article 3.

Construction Methodology & Design Analysis

Aleng the alignment of Downtown West and Downtown East Stations, there are three scenarios for the poesition of building
foundations and basements relative 1o the proposed caverns:

B Foolings and basements lie above the cavern crown (no buildings or shallow foundations)
m  Foolings and basements lie between crown and springline of the cavemn

m Footings and basemenis lie directly adjacent to the newly constructed cavem, from springline to or below cavemn
invert level

For the latter two cases, the spatial locations of the cavern do not allow for the typical hard-rock temporary support
scheme of rock bolis and steel-fibre reinforced shoterele in the top heading arch of the cavern. As the required support
length of rock bolts cannot be provided, a pre-support and support scheme simifar to a typical “soft ground tunnel” is
proposed.

With the limited rock cover, the rock cannot be used to mobilize a load carrying arch and a stiff shotorete shell to support
the full overburden load, and is proposed fo be instafled as tunnel excavation progresses. The arch will be supported on
the sidewalls installed in the bottom drifts of the excavation. A heavy grouted steel pipe umbrella is designed to provide
the necessary roof support and the multiple drift excavation and support sequence allows for timely installation of the
required shotorets support,

For areas with desp foundations and basements, the horizontal component of the arch thrust at the springline cannot be
allowed to load the building basements. in these locations, the horizontal thrust component will be resisted by a tension
tie installed during mining a short distance behind the excavation face across the arch at the bottom drift walls. A
preliminary assessment of the feasibility of this excavation and support scheme for the mined excavation of Downtown
West and East Stations was performed using a multiple stage Phase? finite slement analysis (see Figure 5.3-14). in this
analysis, particular emphasis was put on the feasibility of mined Station construction in proximity to adjacent basement
structures and the impact and interaction of the newly constructed cavern on existing buildings.

F

Preliminary finite-slement analysis established the requirements for the tension ties/at the support points o the arch,

During the final design phase of the Project, three dimensional (3D} finife-element or finite-difference analysis will be
undertaken to assess the interaction between rock, the newly constructed cavemns, and the existing buildings along the
tunnel alignment,
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The tension lies are designed to resist the horizonial component of the arch loads due to the full overburden load of rock
and soll above the arch of the Station cavern, without restraint or embedment from the adjacent rock and buildings {see
Figure 5.3-158).

Figure 5.3-15 | Loading in Tension Ties

Prefiminary analysis indicales that tension ties are required every 2m along the
section of the caverns where building basements are located at or below springline
elevation of the Station caverns. Tension ties will be connected to the concrele arch
and walls by prefabricated steel slements installed during sidewall and tunnel arch
installation respectively.

To minimize the disturbance of the rock mass during the excavation of the drifts,
GFRP rock bolts will be used as temporary support elements o ensure integrity of
the rock pillar.

5.3.5.4 Station Cavern in Soft Ground

Construction Methodology and Design Analysis
Preliminary Design of initial Cavern Support in Soft Ground

Over a length of approximately 60 m, Rideau Station Cavern will be excavated in the buried valley solls, primarily sandy silts,
silty sands, and till and till-ike deposits. The SPT N values of the deposits range from below 1 fo more than 50, where the
higher blow counts are associated with the presence of cobbles and boulders in the soil.

As for the running tunnel soft-ground section, the following measures will be required in the soft-ground portion of the Rideau
Station cavern to ensure the stability of the ongoing tunnelling operation:

#  Grouting of the sand layers and/or dewatering measures from within the pilot tunnal
& Installation of additicnal face-support measures and pre-support measures
g Shortening of the length of the excavation round.

To facilitate tunneling of this large cavern in soft-ground conditions, a design approach has been selected which includes the
following features:

m The subdivision of the excavation face into multiple drifts and immediate flashorete support of the excavated
ground, followed by a shoterete arch with a thickness 500 mm.

B An exploratory drift {pilot tunnel) with a small diameter, located at the bottom of the cavern, to safely evaluate the
ground conditions ahead and implement ground-improvement measures,

B A grouted barmel vaull, which will be installed over the entire length of the soft-ground section from within the rock
section.

# Probing ahead of the excavation face and grouting of the water bearing sand layers.

The soft-ground segment of Rideau Cavern will be excavaled in a double sidewall drift excavation and support sequence
under the pre-support of a grouted pipe umbrella. Eighleen-melre-long perforated and grouted steel pipes {type ALWAG or
RODIO)Y will be installed at a lateral spacing of 300 mm above the tunnel roof, both in the side drifts and center drifts. The
pipes will be installed every 12 m length of tunnel, resulting in an overlap {and minimum length ahead of the advancing face)
of the pipe umbrella of 6 m. The two sidewal] diifts will be excavated in a top heading, followed by bench and invert
excavation. After closing the ring in the sidewall drifts, the center portion of the tunnel is alsc excavated in a top heading,
bench and invert sequence. In a last stage after closing the final support ring, the temporary sidewalls in shotcrete will be
removed to provide the full cavern cross section. Details of this excavation and support sequence are shown in Figure 5.3
16.
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Figure 5.3-16 | Excavalion Sequence for Rideau Cavern in the Buried Valley

As for other sections of the underground alignment, a preliminary design using 20 finite element analysis has been
undertaken for the soft ground section of Rideau Station cavern, In 3 multi-stage modelling approach, the described
excavation and support sequence is modeled and lining forces as well as round deformations are determined, and lining
thicknesses as shown on the preliminary design drawings are confirmed. In the final design stage of the Project, the
stability of the tunnel excavation and support sequence will be agsessed in more detall using 3D finite-element analysis.

5.34.5 Drawings
Running Tunnels Primary Support

Drg.Neo. 1276 - 410D - S2 — 1101 through 1104; Running Tunnel — Excavation and Rock Support - Section Details

Drg.Ne. 1270 - 41DD - 52 - 1008: Running Tunnel ~ West End Portal - Excavation and Rock Support
Drg.No. 1270 - 41DD - 32 - 1016 Running Tunnel — East End Portal - Excavation & Rock Support
Station Caverns Primary Support

Drg.No. 1270 - 4100 - DW - 1201 Downtown West - Excavation & Support Details

Drg.No. 1270 - 410D - DE - 1201 Downtown East — Excavation & Support Details

Drg.Ne. 1270 - 410D - RD - 1101: Rideau ~ Cavern Excavation & Support — Rock ~ Sheet 1

Drg.No. 1270 - 410D -~ RD - 1102; Ridsau ~ Cavern Excavation & Support - Rock - Shest 2

Drg.No. 1270 - 41DD - RD - 1103: Rideau - Cavern Excavation & Support ~ Soft - Sheet 2

Drg.Neo. 1270 - 410D - RD - 1201: Rideau ~ Excavation & Support - Details

Lyon Street Pedestrian Tunnel Primary Support
Drg.No. 1270 - 41DD - DW - 1004:  Downtown West - Lyon St Tunnel — Excavation & Support ~ Key Plan & Profile
Drg.No. 1270 - 41DD - DW - 1102 Downtown West - Lyon St Tunnel - Excavation & Support - Sections
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On completion of running tunnel excavation and temporary support, work will commence on the construction of the cast-
in-place concrete final liner, which will be installed behind a travelling formwork siructure. The final liners for shafts and
other cut-and-cover structures will also be installed as cast-in-place structures installed behind temporary formwork. This
section discusses the design approach for the final liner structures.

5.3.6.1  Proposed Approach to Analysis and Design of all Cut-and-Cover, Bored or
Mined Structures

Running Tunnsl

The final lining will be designed for loads ag defined in the Project Design Criteria (e.g. ground loads {rock wedges and
swelling as appropriate], hydrostatic loads, seismic loads, all traffic loads at portal structures).

The required design fife for the completed tunnel is 100 years. To achieve this, a waterproof membrane will be used o
isolate the initial rock support, rock dowels and shotorete from the final lining of reinforced concrete. As the initial rock
support, including shoterete, will be subjected to aggressive groundwater conditions, it is assumed that it will degrade over
the life of the structure and only the final lining will carry the permanent loads.

A preliminary design of the running tunnel lining for both the drained and undrained tanked tunnel was performed using a
bedded spring model. An effective tunnel diameter squivalent to the tunnel excavated cross-sectional diameter was used
in determining the rock foundation modulus for the spring constant. Only radial springs were considered in the analysis as
the tunne! waterproofing system was assumed fo eliminate tangential shear sitresses at the concrete/shoterete boundary.
For preliminary design, a rock load equivalent to one tunnel diamster was considered.

For the drained tunnels west of Metcalfe Street, the hydrostatic pressure will be assumed to be 25 percent of the original
hydrostatic pressure fo account for the potential for blockage of the drainage system, while full hydrosiatic loading will be
used for the undrained tunnels sast of Metcalfe Street.

For final design, analysis of the tunnel final lining will be undertaken using 20 and 3D analysis software and, where
required, finite-element or finite-difference programs such as FLAC3D. Phase2D will be used to model and analvze
complex ground-structure interaction behaviour.

In terms of the selsmic loading case, the running tunnelling structure is assumed to be in contact with the ground, and the
lining will be distorted by the various seismic waves within the rock and without structural excitation. These selsmically
induced ground movements result in axial, bending {curvature}, ovalling, and racking deformations of the wnnel lining
which result in axial, bending and shear loads imparted on the lining. In gsneral, ssismic loading doss not govern;
however, these effects will be reviewsd during final design using the procedures described in "Seismic Design and
Analysis of Underground Structures,” by Youssef M.A. et al., as well as using various other publications for guidance
{Jaw-Nan Wand, 1981, Earth Science Associates, 2003, Caltran, 2005).

Structures Waterproofing

PA Schedule 15-2, Part 3 specifies allowable post-construction seepage and waterproofing design requirements and that
the design of waterproofing svstems must meet specified minimum requirements. There are two basic types of
waterproofing systems for tunnels and underground structures:

g Drained or open systems
®  Undrained or closed (fanked) systems

Open systems allow groundwater inflow into the tunns! invert drainage system, while closed systems aim to prevent alf
groundwater ingress. Permanent linings for unnels between Melcalfe Street and Campus Station will be designed and
constructed as undrainediclosed, as required by PA Schedule 15-2. The design of the drained waterproofing system will
take into account the potential for precipitation of insoluble salts to block the twnnel drainage system.
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Waterproofing systems will consist of plastic membrane sheets, double-seam heatwelded together o form panels around
the tunnel or cavern siructure. A smoothing or regulating layer of sholorete may be required at the shotorete face to meet
waviness and roughness critieria for the membrane material. A geotexiile fell material will be installed on the shotcrete as
a profection layer and, in the cage of the drained system, a dimple membrane will provide drainage behind the final lining.
The membrane will be fixed o the sholcrele by healwelding to discs nailed to the sholcrete, Membrane panels will be
isolated at circumferential construction joints by grout/water stops to allow for isolation and repair of any leakage through
the system. At tanked sections, a second layer of membrane will be applied at the invert as a protection layer.

Successful waterproofing installation necessitates high-quality workmanship: avoiding puncturing during the work and
preventing leaks when attaching the membrane {o the shotorete. Quality conirol procedures will be established to
thoroughly test the seals at all joints and seams to ensure no leakage ocours before casting the final fining.

The shest membrane for the tunnels and cavems will be PVYC except if aggressive groundwater conditions require a
polyolefine FPO lining. This could be the case at Downtown West where the cavern intersacts the Billlings Shale which
has high levels of salinity and sulphates.

For access and vent shafts and cul-and-cover sections, waterproofing may consist of several types of materials:

Liguid systems {e.g. hot applied rubber, tar, asphall emulsions)

Panel systems {swelling bentonite encapsulated in fabric rofl or cardboard)
Epoxy systems {two component systems)

Spray applied systems {single component cold applied neoprene or polyurea)
Sheet membranes {e.q. rubber, neoprene, HOPE and PVC)

Hybrid systems (poly-rubber gel)

2 B B B B B

The selection of material will be determined by the type of construction, environment, durability and economics. In
addition to a membrane, waterproofing (e.g. PVC, vinyl, swelling rubber waterstops) will be provided at alf cold joints and
penetrations.

Station Caverns
The design of the final liners for the slation caverns is discussed in Section 5.5.

5.3.6.2 Drawings

Running Tunnels Final Liner

Drg.No. 1200 - 41DD - 82 - 1108: Running Tunnel - Typical Sections
Drg.Ne, 1200 - 41DD - 52 - 1107: Running Tunnel — Jet Fan Niche
Drg.No. 1200 - 41DD - 82 - 1108: Rurnning Tunnel — Waterproofing Details

Four areas are identified as critical for damage potential assessment:

Downtown West Station

Downtown East Station

Tunnel and Rideau Station in the bedrock buried valiey
East Portal

g2 B B B

Due to the similarity of potential ground movements, Downtown West and Downtown East Stations are combined in the
damage potential assessment presented in the following sections. The assessment of damage potential of buildings
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considers the ground movements induced by running tunnels, Stations and shaft excavations in conjunction with those
induced by groundwater table drawdown.

5.3.7.1  Analysis Methods
Ground Displacement Due to Stress Helief

Ground movements associated with stress relief at the mined excavations were estimated at selected locations using
finite-element analysis. The analysis took inlo account the excavation sequence and temporary-support installation. To
extrapolate the resulis of the finite-element analvses to other areas along the alignment, the resulls were calibrated
against empirical methods where volume of the surface settlement trough is related to the area of excavation, tunnel
depth, and soll type, and is assumed fo be an inverted normal distribution function curve {as proposed by Peck and
Schmidt {1863} and by O'Reilly and New {1982)). Ground-loss ratio, the ratic of the volume of surface settlement trough
to the sxcavated tunnel section, is estimated to be (.35 to 0.5 percent according to numerical modelling results. A higher
ground-loss ratio of 0.7 to 1 percent, twice the valuss obtained from numetical analyses, was also used in the assessment
to investigate the influence of higher ground loss on damage potentials.

Empirical methods proposed by Peck (1969} and Clough and CRourke (1990) were used to assess ground
displacements behind shored-open excavations. These methods assume that ground movement agsociated with open
axcavations are a function of the types of solls being retained, excavation geomelry defined as excavation depth and plan
dimension, groundwater pressure, construction sequence, construction quality and overall stiffness of the support system.
Our assessment used the following assumptions:

m Influence zone of ground movements is 2 to 3 times the depth of excavation

Maximum ground setflement behind the retaining walls is 0.3 percent of the depth of excavation in sands and stiff
to hard clays supported by flexible system

0.5 percent of the depth of excavation in soft to firm clays supported by a rigid system
& Ratios of maximum settlement to maximum horizontal displacement in different soil types is equal to one

The West and East Portal entry and ventilation shafts at Stations will be constructed by open excavation methods. We
assumed that flexible support systems such as soldier piles and lagging will be used for the construction of the West
Portal and various shafts, For the East Portal and shafls located at the west end of Rideau Station, we assumed a
walertight rigid support system fo reduce the potential for excessive ground settlement associated with groundwater
drawdown as discussed below.

Ground Settlement Due {o Groundwater Drawdown

Ground settiement induced by groundwater table drawdown resulis from the increase of effective vertical stress in the
goils below the in-situ groundwater table, Negative pore pressure, induced in the clay due to capillary effect after
drawdown, Is assumed to exiend linearly up fo the slevation of the In-situ groundwater table before the oceurrencs of
drawdown. Groundwater drawdown in the bedrock is not anticipated o cause settlemnent. Along the tunnel alignment,
groundwater {able drawdown during excavations will ocour in the bedrock formations, and also at the bedrock buried
valley, Rideau Station and East Portal areas unless ground treatment is implemented before excavation.

The extent and magnitude of groundwater drawdown associated with excavations in the bedrock buried valley, at Rideau
Station and East Portal were obtained from a hydrogeclogical mode! that covered a large area bsyond the limits of
Segment 2 right-of-way. Ground sstflements within the drawdown zone were estimated based on Terzaghi's 1D
Consolidation theory,

Fotential for Damage (o Structures

Settlement and horizontal displacement profiles were generated by combining ground movements due to both stress relief
and groundwater drawdown. Based on the combined ground movement profiles, horizontal strains and angular distortions
were computed at bullding locations without accounting for structural stiffness and soil-structure interaction. The empirical
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method, first proposed by Boscardin and Cording in 1983 and later modified by Son and Cording in 2005, was used fo
assess the potential for damage to buildings based on both free-field horizontal sirains and angular distortions.

The potential for damage to piled foundations, on bedrock and subject o downdrag loads, is expscled to be low due to
the low potential of exceeding the structural vield sirength of the pile above its contact with bedrogk.

The potential for damage to pedestrian bridges at Rideau Station is also considered to be low due {o the relatively uniform
settlement anticipated along these structures. However, I the pedestrian bridge at the west end of the Rideau Station is
founded on spread footings in the solls of the bedrock buried valley, there is potential for differential seltlement at the
coniact of the bridge abutments with the building structures. Additional details of the bridge foundation elements and the
connection with the building structures will be required to permit more detailed analysis,

Assessments of damage potential for pedestrian tunnels and major utifity pipelines within the influence zone are not
included in this study due to insufficient information at this stage. However, based on finite-element analyses, the
setflements, horizontal strains and angular distortions are anticipated to be small, resulting in low potential for damage.

53.7.2 Assessment Results
Downtown West and East Siations

Numerical analyses of the mined Station caverns indicale that surface setlements are estimated to be belween 2 and
8 mm, and slightly less at the bedrockioverburden interface. Setlements of this order will resull in small angular
distortions and horizontal strains and are not anticipated to damage ulilities within the roadway, utility connections fo
buildings, or surface structures which are founded on bedrock in the area of the Downtown West and East Stations.

Tension ties and a layer of compressible material is to be installed at the base of the crown arch and top of the Station
walls at both Stations to resist the horizontal component of the arch loads, due to the full soil and rock overburden load
acting on the arch of the Station cavern, without restraint or embedment from adjacent rock and buildings.

The open excavation for access and ventilation shafts at both Stations is assumed o consist of braced flexible systems
such as soldier plles and lagging. At Downtown West Station, potential for damage associated with open excavations for
two ventilation shafts is categorized to be very slight to slight for structures within 5 m of the edge of open excavations,
and negligible for structures further away. Similarly, at Downtown East Station, potential for damage associated with open
excavations for three entry shafts and two ventilation shafts is categorized 1o be very slight to slight for structures within
5 m of the edge of open excavations, and negligible for structures furthsr away.

Running Tunne! and Rideau Station in the Bedrock Buried Valley

Approximately 40 m of running tunnel and 80 m of the Rideau Station cavern will be mined in the bedrock burled valley.
For bulldings with foundation elements founded on bedrock, the expected damage potential is expected to be negligible.
Different logs-of-ground, ground treatment and dewsatering scenarios werse considered for the setflement analysis fo
assass their impact on the potential for damage fo structures in the bedrock buried valley {see Table 5.3-18).

Table 5.3-10 | Maximum Selflements 24 Months after Construction Starf & Damage Potenlials in Bedrock Buried Valley

Rideau | 15 399 | Fooling Rock and So 50- 70 2 - 45 slight to Slight fo
Centre i Moderate/Severe Mederate/Severe
Crin it inibleie Vi
o dli'fg 1024350 | Unknown Unknows 35 .40 12.15 Hegligiole 1o very Negligible
Freiman ; S Unknown (EL 5 Slight to
102+380 g N - 4 4 fels
Mall 02+380 Fooing 60 m) 5079 2445 Moderata/Severe




Table 5.3-11 | Maximum Sefflements 24 Months after Construction Star! and Damage Polentials at the

These assessments show that damage ranging from
negligible o moderate to severs may ooour
depending on the degree of groundwater table
drawdown and loss of ground associated with siress
relief. The higher damage potentials are assoviated
with full drainage conditions and relatively high loss-
of-ground values. The assessmenis also show that
dus 1o the relatively flat nature of the groundwalter
table drawdown under the bulldings, damags
potential is governed mostly by sellements dus to
stress refief and associated loss of ground.
Minimizing loss of ground at the excavation face i
the tunnel excavalions in the bedrock buried valley
i, therefore, critical for reducing potential for
moderats 1o savere damags.
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East Portal Area

Ground movemenis associated with open sxcavations in the
deep clay deposit are the primary cause of the potential for
damage fo buildings at the East Porfall A rigid watertight
support system will reduce polential for large  ground
movements behind open sxcavation dus 1o siress relisf
Hydrogeological analysis shows that the East Portal area will
be sublect i drawdown due to the free  draining
characteristics of the tunnel between the East Portal and the
Rideau Station and the drawdown in the bedrock buried
valley, The assessment at the East Portal was carried out for
bulldings most kely founded on spread foolings in the
overburden, for differant ground treatment and dewalering
soenanios at the bedrock buried valley and treatment of the
bedrock around the tunnel within 50 m north of the East Portal
{see Table 5.3-11).

Ta}?;zet 103+000 45m Footing Unicnown 8 (ARG None Nene
B L im tEeE e m e 30-35 Slgntn
House Wall Moderate
Residential | 4034990 5m Footiigand |\ nown | 30-35 15- 20 Siight Slight
Complex Pile

{*y Fuli Groundwater Drawdown refers fo condition in the badrock buried valiey
{*%) Ground Treaiment inclides:

®  Permeation grouting around the tunnal in faults and fractured zones in the bedrock within 50 m of the bedrock
buried valley walls
Parmeation grouting in fractured zones around the tunnel within 50 m of the East Portal
Permeation or jet grouting around the tunnel and station in the bedrock buried valley

Anticipated Damage Potential and Remediation

The settlement and damage potential assessments presented above were carried out assuming different ground treatments,
dewatering, and loss-of-ground ratios at mined tunnels and Stations, and behind shored-open excavations. 1t is unlikely that
the most unfavourable conditions will occur during construgtion, and also unfikely that the higher damage potential levels wil
be observed. Damage potentials will most likely range from negligible to slight, and possibly moderate. These damage and
remediation levels are described in a publication by Burland et al,, 1877, and summarized in Table 5.3-12.
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Table 5.3-12 | Classification of Visible Damage to Walls with Parlicular Reference Io Ease of Repair of Plaster and
Brickwork or Masonry
s R

Negligible Hairline cracks of less than about 0.1 mm are classed as negligible <Ot

Yery Slight Fine cracks which can easily be treated during normal decoration. Perhaps
isolatad slight fracture in building. Cracks in external brickwork visible on close <1
inspection.

Slight Cracks easily filled. Redecoration probably required. Several slight fractures
showing inside of bullding. Cracks visible externally and some repointing may 1.5
be required exiernally to ensure weather tightness. Doors and windows may
stick slightly.

Moderate Cracks require some opening up and can be patched by a mason. Recurrent

cracks can be masked by suitable linings. Repointing of external brickwork 5-15

and possibly a small amount of brickwork to be replaced. Doors and windows or a number of cracks »3
sticking. Ssrvice pipes may fracture. Weather tighiness often impaired.

{a}  In assessing the degres of damags, account must be lsken of its location In the building or strichires.
) Crack width is only one aspect of damage and should not be used on its own as a direct measire of it

IR ETEY ATV TR SRR IS AL IROTEN L IR ADTRIT ATTIAOR BASRIUTONERN IR
PROPOSED GEOTECHNICAL INSTRUMENTATION MONITORING

o, x
ot o

5.3.8.1 Overall Approach to Geotechnical Instrumentation and Monitoring

The construction of tunnels, Underground Stations, and shafts will result in ground movements associated with stress
relief due fo the excavations, and lowering of the groundwater table due to dewatering and free draining conditions of the
proposed shoring systems. Depending on the structure foundation types and subsurface conditions, ground movements
can result in structure movements, causing damage. For ground movements inducsed by excavations for running tunnels
and mined Station cavarns, geotechnical instruments are specified to monitor the surface settlement within the anticipated
zone of influence and ground subsidence at depths above the tunnel crown, These instruments are installed in sections
typically perpendicular to the tunnel alignment and aim fo confirm the magnituds and distribution of ground settiements at
surface and at depth.

5.3.8.2 Proposed Types and Locations of Geotechnical Instrumentation

A detalled program will monitor ground and building horizontal and vertical displacements and provide input to field
sngineers to adjust construction methods accordingly. Table 5.3-13 summarizes anticipated instrumentation.

Table 5.3-13 | Anficipated Instrumentation for Monitoring Surface and Buildings

Ons instrument every 30 to 50 m along retaining walls at portals and one to two
instruments at each shaft.

inclinometer 28

Extensometer 29 One instrument every 100 m along unnsl axis.

One array of 3 or 5 instruments every 30 m above mined Stations and every
Surface Settlement Point 247 100 m along tunnet axis, two instruments svery 50 m at porials, ons to two
instruments at each shaft.

Structural Settlement Point 403 Two instrinoents at each bridge abutment, numbers of instrument instalied at

buildings vary within zones of potential for damage.

Monitoring Well/Piezometer (%) 27 installed mainly in the clay zone south of Downtown East Station, buried valley
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| It has been assumed that benchmarks instalied for construction survey will be
used for the monitoring program as well.

Benchmark

5.3.8.3 Proposed Data Collection Method & Reading Frequency

Monitoring of both surface structures and underground excavations will be continuous. Data will be captured in electronic
form for rapid plotting and review. Detalled review of monitoring results will occur on a regular schedule and i unusual
conditions or behavior are encountered. Before the start of the next day’s excavation, the tunnel geotechnical enginser
and construction manager will review monitoring information and daily excavation construction reports. The purpose of
this review is to ensure that the construction method and tunne! temporary supports are adequate, and that there are no
immediate concerns with movements either in the excavations or at surface structures. The daily review is additional to
the more comprehensive review of monitoring data for trends, and actual versus predicted behaviour done on 3 scheduled
basis. During the more detailed review, criteria will also be established to determine that a stable excavation condition has
oceurred before installation of the final lining.

Monitaring of Tunnel

For underground construction, and in particular for large sequentially excavaled structures, monitoring, recording and
interpretation of deformations and stresses in the initlal lining are essential to ensure construction safely. The observed
behaviour of the structure and surrounding ground must be consistent with expectations and predictions developed during
the design. The infroduction of a monitoring feedback loop/control cycle to consistently confirm the geo-structural behaviour
and interaction is of paramount importance.

Both 2D and 3D measurements will monifor performance of the tunnel during and after excavation. Tape extensometers and
30 survey techniques using targets around the tunnel perimeter will measure tunnel convergence. Borehole extensometer
arrays will be installed at selected locations to monitor deep-seated movements. Measurement data will be captured and
plotted reqularly and trends established, Criteria for trigger and response levels {e.g. max, rats, step) will be developsed and
compared to the total and trends that have been measured. Convergences will be compared 1o predicted wnnel ground
behaviour and adjustments will be made to roci-support installation and design as required o ensure a stable excavation.

Monitoring of Adjacent Surface Structures

Based on detailed assessmant of expscted ground movements caused by tunnelling and groundwater table drawdown, a
detailed program will be designed to monitor ground and huilding displacements, and to provide input to the field enginsers
to adjust construction methods accordingly. Table 5.3-14 provides a preliminary list of collection methods and frequencies for
each instrument type.

Table 5.3-14 | Prefiminary List of Collection Methods & Frequencies for each Instrument Type

) ) Inclinometer Probe and Onee daily during construction, once weekly after
inclinometst . ; :
Readout Unit construction until movement ceasses.
Depih Micrometer and Level ane daily when lunnel facaf is within a distance of three ,
Exiensomeler fimes the depth of funnel axiz, once weekly afterwards until

Survey or Total Station . -
y subsidence teases, (1)

Three times daily during excavation or when tunnel face is
Surface Settlement Point Level Survey or Total Station | within a distance of thres times the depth of tunnel axis,
once daily afterwards until settlement ceasss. (%)




COW0544752

Three timss daily during excavalion or when funnel face is
within a distancs of thres times the depth of tunnel axis,
once dally afterwards until movement ceases, ()

, Once weekly during groundwater table drawdown, onge
VY
VI Readout Unit monthly after groundwater table stabilization. (™)

Structural Point Level Survey of Total Station

Monitoring WelliPiszometer

inclinometer Probs and Once daily during construction, once weekly after
Readout Unit conalruction untll movement ceases.

{*y The eguipment and methodology for level survey should be selectad fo produce elevations with an accuracy of +/ 2 mm.
{**) Maonitoring should be carried out in the existing monitoring wells installed diring the investigation program carried out by the City.

nclinomster

5.3.8.4 Proposed Approach for Developing Trigger and Action Levels

Trigger and action levels will be daveloped and integrated info the construction and management plan. Instrumentation
resulls including trends will be raviewed regularly at a frequency consistent with the sensitivity of the current construction
process, of if unexpected conditions are encountered, The instrumentation monitoring plan will be reviewed on a scheduled
hasis or if action or trigger levels are excesded. Review of the monitoring plan will include at least the following:

m Reviewing/revising construction methods
m  Increasing reading frequency for monitoring instruments of interest

5.3.8.5 Approach for Developing Contingency Plans when Limits are Exceeded

Contingency plans for when the alert level is reached will include at least the following:
w Ceasing all construction activities in problem area

Increasing instrument reading frequency until readings stahilize

implementing remedial measures

Modifying construction methods

This section should be read in conjunction with Section 5.3.5.4, The assessment of potential damage to structures shows
that damage potential can vary significantly depending on groundwater table drawdown and loss of ground associated with
stregs relief. Higher damage potentials are associated with full drainage conditions and relatively high loss-of-ground values.
Reductions of groundwater table drawdown and face stability control are effective metheds of reducing damage potential to
struclures, as follows:

m  Permeation grouting as required 1o stop groundwater seepage into the tunnel in faults and fractured zones in the
badrock within 50 m of the hedrock buried valley walls

w Permeation grouting in fractured zones as required to stop groundwater seepage inte the tunnel within 50 m north
of the East Portal

m Permeation grouting of non-plastic deposits or jel grouting In and around the tunnel and the Rideau Station in the
bedrock buried valley

5310 Q\WRM LARPROACH TO DESIGN & CONSTRUCTION OF THE
EMERGENCY VENTILATI ’"‘h\ SYSTEMS FOR ”‘“L‘N*\%x L8 & STATIONS

The Emergency Ventilation System (EVS) for the underground segment of the OLRT System will be designed in
accordance with NFPA 13D requirements. A fan plant located at both ends of every Siation will provide emergency
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ventilation of tunnels and stations. det fans installed in the tunnels will provide supplemental ventilation in the event of a
fire within the daylighting tunnel sections. During normal operation, the OLRT is expected to be self-ventilating through the
piston effect of the Trains travelling within the System. Draft (blast) relief is provided at the ends of the Stations to control
Train-induced air pressures and air flows within public areas in accordance with PA criteria. Emergency ventilation fans
can be operated at a reduced capacily during the summar, when the outside ambient temperature is highest, and in the
event of system congestion when a Train(s) is stopped in the tunnel for an extended period.

We will undertake a Subway Environment Simulation (SES) analysis fo evaluate and confirm the aerodynamic and
thermodynamic behaviour of the underground environment and EVS performance in each of itz modes of operation:
normal, congested and emergency. Smoke control in tunnels will be provided through a push-pull response in which fans
at one end of the ventilation section operate in supply {push) and those at the opposite end operate in exhaust {pull). To
facilitate egress in either direction, the fans will be fully reversible.

If there is a fire within a Station, the EVS fan plant at the incident Station will operate in a pull-pull (all exhaust) response
to pull smoke away from the public areas of the Station while drawing fresh air in through Station entrances to protect the
path of egress. We will use Computation Fluid Dynamics (CFD) o analyze Station fires, providing a full understanding of
simoke movement within the Stations so that smoke-control strategies can be developed In conjunction with a timed-
egrass analysis.

We will control EVS operation through a dedicated SCADA system from the Transportation Services Control Centre
{TSCC) and Backup Control Centre {BCC). In addition to providing individual control of EVS equipment, this SCADA
systemn will be preprogrammed with all EVS operating modes. Local control willt be available at the fan plant itself, and
each Station will alsc have a Fireman's Control Panel which will allow manual initiation or override of EVS modes. EVS
emergency operation will be based on procedures developed during design in collaboration with the City {AHJ, TSCC, first
responders) and other key Stakeholders.

Smoke-dispersion analysis will be performed in conjunction with the Station smoke-movement analysis during the early
stages of design development. Coupling the two analyses ensures that smoke-exhaust rates and concentrations which
are a fundamental input o the dispersion analysis are consistent with the fire scenario ocouring within the Station and the
mechanical ventilation response employed. The position of EVS shaft terminations at grade will be designed to minimize
the risk of smoke recirculation into Station entrances and adjacent bulldings in accordance with the PA and NFPA 130.
We will apply a performance-based approach using computer analysis to evaluate smoke-dispersion characteristics at
gach Station site and, whers necessary, 1o assist in developing mitigation measures. The significant positional constraints
imposed by the streetscape at each site may require a collaborative approach with adjacent property owners fo address
the potential for recirculation, with one possible resclution being integrated emergency management plans.

LATTRETIE ACTIONRD TR PN A1A
B e 3NE F R §o8§ Tog §o§ B § BT SRASNEE
i 3 E S ks ks N 3 R $ 3
SEDEN P ILLAV DU O R LAMAYYR

Drawings are provided in Package B2 ~ Design Submission Part 2 ~ Volume 1 {of 4} and include the following:

w Location of the smoke ventilation shaft in relation fo Station enirances
& Station air intakes
# Openings of other buildings above grade and other objects
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The lower limit of the proposed vertical alignment for the running tunnel lies above 50 m and, therefore, does not
conflict with the proposed 3000 mm combined sewer overflow (CSO) at Kent Street.
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5.4 LRT SYSTEMS

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 together a world class light rail vehicle manufacturer with a state of the art
supplier of Communication Based Train Control.

From the ouiset of the OLRT bid process, the RTG team was intent on finding the “right” solution for Ottawa’s unique
needs. We began by canvasing the globe in an international procurement process. For more than six months, the RTG
team thoroughly reviewed submissions from the world’s leading suppliers of rall vehicles and systems. We measured and
evaluated thelr products and performance against the Ottawa challenges - cold climate operations, state of the art
vehicles and train control but proven in service, modem low floor convenience plus 100 km per hour capability to name
just a few — with a goal of putting the "best of the best” togsther in one integrated package.

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

Worldwide, Alstom Transportation is a global powerhouse, having earned in excess of $8 billion in Revenue in the past
operating year. The company also has significant experience in the North American rofling stock business. It maintains a
large manufacturing plant in Homell N.J {one 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 Ottawa, 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 foday. lis sleek urban
design is the ideal solution for Citawa's urban environment, offering the ideal blend of form and funclionality in one
vehicle, lis maintenance advantages are also proven. The Ixege pivoling bogie design (which utilizes conventional axels)
has been shown o have lower life cycle and maintenance costs and belter performance, particularly in the snow. The
Ixege bogie aliows the passenger interior of the car to have all of the accessibility and convenience of a 100% low floor
LRY but many of the operational and performance advantages of a 70% low floor LRV. This will prove invaluable in winter
operating conditions in Otlawa.

Thales is a global technology leader in the Transporiation, Aerospace, Defense and Security markets. In 20114, 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 mest
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 yvears, emploving 1,300 people in its Transportation, Defense &
Security, and Aerospace sectors. Canada is also headquarters o Thales Cenire of Excellence in Signalling with offices
are in Ottawa, Toronte 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 becoms the de facto standard for urban
rail systems, Since then, with more than 35 systems squipped 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), Shanghat (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 mainland China. Thanks o 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 I includes the availability of the fixed block backup system. The Selfrac
CBTC installation on the Capada Line achieves over 99.95% availability {again including wayside componenis) 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 effectivenass are fundamental to modemn light rail system operations. Thales' systems control fraln speed and
direction with great precision; this oplimizes use of system assets and transiates into enhanced performance and cost
gavings for the city. Thales’ systems are in operations with major melro operators worldwide, including those of
Yancouver, London, New York, Shanghai, Hong Kong and Dubai.

in addition to each company’s independent success stories, Alstom and Thales have worked successiully together on
several joint transit projects — the London Underground Jubilse Line and on Shanghal Metro Lines 6 and 8. The Shanghai
installations employed 1500 VDC as is propossd for the OLRT. Throughout the design phase, Alstom and Thales will
work closely with an engineering joint venture (EJV) comprising SNC-Lavalin Inc., MMM Group, and specialty consultants
selected for thelr Project-specific expertise to deliver the best solution fo the Gity.

541 LRT SYSTEME DESIGN PROCESEES

RTG brings togsther 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 Yehicles using the formal set of design processes explained
helow.

54.1.1 Design Methodology & Lessons Learned

Successiul system integration starts with developing proper processes (o validate requirements, implement them in a timely
marner, and verify that the delivered gystem is safe and reliable. Over many years of experience on successiul fransit
projects, RTG has developed a set of practical and results-oriented system engineeting processes. These are dosumented
in the plans and specifications definad in the following sections and incorporate the following key lessons lsamed;

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

Use a formal enginesring 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 wheel/rail)
Choose proven suppliers and subsystems best suited to the City’s requirements

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

involve operations and maintenance staff in commissioning as sarly as possible

E B B B

The design methodology is shown graphically in Diagram 5.4.1 D2.1A and the interaction with the overall Project is shown in
Diagram 5.4.1 D2.18.

Systems Engineering Plan

The Systems Engineering Plan described in this section will apply to each OLRT system in a manner commensurate with
the safely 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 concepiual design phass,
based on the current internationally recognized systems engineering standard: ISO/AEC 15288, Systems Enginesring ~
System Life Cycle Processes.

The purpose of the Systems Engineering Plan is io define an integrated sel of engineering processes, thus assuring the
City that good engineering practices will be followed in the systems engineering 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 satisties the City over the life of the products that make up the
system

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

The Systems Engineering Plan will specify the following elements relative to engineering of the System:

B Agreement processes {e.g. product acquisition, product supply, subcontractor management and evaluation)
Project management processes {e.g. planning, assessment, project control, and risk management)

®m Techpical 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 requirad by the Plan

Design Mlanning

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

w 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 tree, lllustrating the drawing hierarchy

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

w  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 dasign 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 to a
system, sub-system, or componsnt.

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
requirements the system may impose on external systems or equipment. Special attention will be paid to operator
interfaces.

Preliminary Design Reviews

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

B Requirements analysis and other documentation to demonstrate that the proposed system meets 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 appropriately
- Enabling products have been defined adequately to initiate enabling product development, if required
- Approaches planned for the next design phases have been appropriately plannad
Project risks have been identified, and mitigation plans are feasible and judged 1o be sffective

E BE BE E EBE B
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System Assurance documanis and checklists o confim that the design conforms to quality safely and RAMS
requirements (see also Section 5.1.5.1)

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

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

Specifications, drawings, and/or software development files have been appropriately defined
The end product designs satisfy system requirements
The system mests one of these criteria:
- Ready for continued dasign and devslopment
- Appropriately defined for purchase of products from an external supplier
Ready for manufacture/fabrication

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

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

requirements {ses 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 installation drawings, shop drawings, caleulations and analyses to demonstrate that the system
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will meet the specified requirements. Al open items from previous design reviews for the system will be addressed andior
resolved during the FDR.

For each FOR, a System Verification Matrix (SVM) will document how each of the validated requirements will be verified,
and the status of that verification. The SVM will be updated pericdically 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 that has the polential for satisfying identified City
requiremants. In addition, this review may assess progress fowards converging on a viable, traceable getl of
System Technical Requirements that are balanced with cost) scheduls, and risk. This review will also ensure the
design is optimized In terms of safety, operations reliability, availability, maintainability and lifecycle cost, service
dependability, failsafe design and fallure management of the system operation. OLRT system oplimization is
disoussed in detail in Section 5.1.5.1.

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

w  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-builias-coded configuration has been favourably examined against its  configuration
documentation {e.q. drawings, bill of materials, specifications, code lists, manuals, compliance fest,
compliance data)

- Products have been buill to drawings and satisfy specifications

- 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 execuled, and mest the
City's requirements

®m Procass 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.

w Independent Contractor Evaluations, Reviews, and Audits may ocour as required throughout the Projest

System Requirements Specification

A System Requirements Specification that caplures the City's requiremsnts and System technical requirements will be
prepared by senior designers. This specification will be reviewed with the City to ensure that RTG complstely understands
the reguirsments. The Requirements Management Dalabase 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 5.4-1, 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 satisly the
requirements and objectives.

Table 5.4-1 | Requirements Yalidalion

Analyzing and ensuring that each requirement siatement is stated with:

General The LRT Systems and clarity, comreciness, feasibility, focus, modifiability, removal of ambiguity,
integration Manager will naularity. testabiit d verifiabilit
ensure that technical singu alny, esa):iyf, and verifia ziny | o
requirement statements Analyzing and en§urxng that Felchnxcaf rgqmrement statements in pg:rs and as
are well formulated a sei are stated with connectivity and without redundancy and conflicts
. Befined Sustem Selecting mathods and defining procedurss for validsling that the sel of
Requirements e Systemn requirements is cansistent with the leval of system structure, and the
Validation requirements will be o .
; : e Validation Plan as appropriate
reviewsd against the City's . . .
needs and expectations Ané?iyzmg and campgrsng identified anffi collected requirements fo the :;a‘t.ef
defined Sysiem requirements o determine upward and downward traceability
Identifving and resolving variances, voids and conflicts
Recording validation results
) . Selacting methods and defining procedures for validating that the sel of
System Defined System technical ) . . . ,
, equirements will be System technical requirements is consistent with the level of systams
Technical a ) N , structure and the Validation Plan as appropriate
Requirements | reviewed against validated Anaival g s identified and coliected Svst eohrical
Validation the City's requirements nalyzing and comparing identified and coliecte ystem technica

requitements with the sel of defined System technical requiremenis fo
determine upward and downward fraceability

Analyzing assumplions made with respect o defining System technical
raquirements to ensure they are consistent with the Sysiem being enginesred
Analyzing System fechnical requirements that have been defined as essential
for the design effort where there is no parent requirement in the set of the
City's requirements, o ensure thay are consistent with the Sysiem being
enhgineerad

{dentifying and resclving variances, voids and conflicts

Revalidating System technical requirements whenever a requirement change
affects the City’s requirements, or System technical requirements

Recording validation resulls

Compuler-Based Systems

Software

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

Operates without degradation during alf date changes
Uses a formal methodology for structured modular code dasign and implementation appropriaie to the application
and safely integrity of the System

m Uses open standards and non-proprigtary protocols for all interfaces except where proprietary protocols are
required to facilitate integration with legacy systems or to meet City requirements
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w Ensures that configuration details are available down {o the appropriate software configurable item
® |s capable of local loading and, where operationally required, remote loading

Formal documentation, change control, testing and verification processes will be appropriate to 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 phase, 1o include, but not be limited to, the following:

® Organization including identification of Software Development Manager and key team members, as well as position
descriptions {e.g. qualifications, training)

m ldentification of subconiractors including their 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 oulput details, and phase entry and exit conditions

Quality assurance and control activities and procedures

Development schedule (e.g. 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 therein 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 to 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 foliowing definitions:

The organizational entities responsible for managing and enginesring 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)

& [he functional, performance, reliability, 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 1o systems provided by others that are part of the Works, RTG will jointly prepare the interface control
documsniation with the third parly.

SECTHON 5.4
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interface Communiocations

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 to 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 fadilities that may interface to the System.

Configuration Data

During execution, Works suppliers will exchange configuration data (e.q. Station identification, track locations) using a
structured, well-normalized record format. Project-wide configuration data quidelines will provide an overview of
configuration data formats and shructures 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 controf
documentation (primarily Configuration Data Specifications). Such documentation will include, but not be limited fo, the
following:

m Detailed description of each item of configuration data, including how it is intended to be used
m Delailed description of the format of the configuration data, using examples if possible

Typically, there will be one sel of configuration data control documentation for each configuration data interface with
ancther entity {e.g. 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 prapared for the System at the concepltual
design phase, with the final Plan prepared at the preliminary design phase. [t will include the following:

Detailed description of the process and methods to handle configuration data

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

Desaription of copfiguration data formats to be used

Configuration management procedures

Change control management 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 coordinale system verification and validation activities with the appropriale
design phase as shown in Diagram 5.4.1 D.1C. The System Validation process provides a comparative assessment o
confirm that the City’s requirementis are correctly defined. By assessing services presented to the City, validation
demonstrates that the correct system entity has been created. Tasks include Reguirements Validation and End Products
Yalidation.

The System Verification process will be used {o ascertain the following:

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

B End producis at each level of the system siructure 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 fo 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. If
specific hardware, software, or documentation does not 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 alf 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 squipment.

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

Test Documentation Submiltals
RTG will submit test documentation 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 considered 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 reguiremenis.

& Delailed test procedures for acceptance for each test identified in the lest plans identified above, no later than 80
days before testing.

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

g A 90-day look-ahead schedule detailing all testing activities proposed for the period covered. The first schedule will
be submitted 30 days before the first test scheduled and a revised schedule will be submitted periodically as
required.

Test Reports containing the resulis of all tests conducted at any factory or field location.
Deficiency report{s), pericdically or as required.

Test Documentation
Validation, Inspection, and Test Plan

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

w Flow diagram indicating the logical sequence of validations and fests, starting with matsrials recelving tests and
inspections and concluding with system demonstrations tests

Validation schedule

Test schedule

Responsibilities

Record-keeping assignments, procedures, and forms

Procedures for performing validation

Procedures for monitoring, correcting, and re-testing deficlencles

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 fest configuration including exiernal data fransmission interfaces, and detalled
descriptions of test andfor simulation equipment

Estimated duration of each test

Coordination neaded 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

Responsibilities

Recordkesping assignments, procedures, and forms

Procedures for monitoring, correcting, and re-testing deficiencies

Procedures for controlling and documenting changes mads 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) to 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 resulls including the passifail criteria

Technigues and scenarios used o simulate system fleld inputs and controlled equipment

E E B BE E B B

Test Records

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

Reference to the corresponding Test Procedure

Date the Test Procedure was execuled

Description of test conditions, input data, or user actions differing from that described in 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 Tes! Procedure)
Provision for comments by the City's Representative

Copies of any deficlency reports generated as a result of the execution of the Test Procedure

]
]
]
B
B
]
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w  Copies of reporis, display copies, and any other hardcopy generated by executing 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 Fallure Reporting, Analysis,
and Corractive Action {(FRACA] system will determine the causs of all test fallures, unscheduled part removals, and other
deficiencies. To identify failed parts and pertinent data and actions relating to each fallure, failures will be classified and &
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 affects,

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 requirements and product verification outcomes compare favourably against
configuration documentation {e.g. drawings, lest procedures, authorized changes, software development files, as-
bullt/as-coded documentation)

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

Products have been built to drawings and satisly specifications

The information database represents the work products of the system devslopment

Required changes to previously completed specifications have been implementad

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

g 8B B8 B

Readiness Reviews

Readinass Revisws may be held for the System 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 tests are adequately planned,
and that each setf 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 al testing to be performed before Complstion of the Works.
First Article Inspection

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

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

EMC testing

E B B E 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, Faclory Acceptance Tesis (FATs) will be conducted on systems and sub-
systems in a factory environment representative of the actual operating environment, fo demonsirate that System items
under test can perform in accordance with spedcifications, 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 test is fit {o 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 properly in the instalied environment, The installed system will be verified against installation drawings to verify
correct installation and that system equipment has not been damaged subsequent to shipment from the factory.

The field installation test will include a complete system inspection including but not limited to proper instaliation,
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 verify that they are operating comectly in the target environment.

Site Acceptance Tests

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

Tests after Completion
Tests after Complstion will include all testing to be performed after Complstion 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). 18T will concentrate on inter-subsystem funclionality 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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5.4.1.4 Configuration Control Methodology

Configuration management and change control management procedures and techniques will be used in the enginsering
of the Works, Where approptiate (for example, in systems with software components), these procedures and techniques
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 (s.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 managsment

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:

# Detailed description of methods and procedures to be used to handle change {e.g. functional changes,
performance changes) during the Project Term

Detaited description of the change lifecydle and statuses

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

g 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-bullt conditions at final acceptance
of construction. Design plans, including typical instailation drawings that document instailation 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 confrof
configuration management. All configuration changes of a system or equipment will include a 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 componenis
are changed in any equipment, the overall impact on future maintenance and lifecycle of the parent asset will be
accounted for and adjusted within our Asset Management System,

Configuration Conlrol during the Maintenance Term is described in detall in Section 5.1.5.1. A Regqulatory Working
Group is defined in Section 5.1.8.2 to address the Safely Management System (SMS) by apply the appropriate
gonfiguration controls both prior to and during service commencement,

5.4.1.5 Systems Assurance Process & Methodology

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

BECTION 5.4
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54.1.6 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:

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

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

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

B Providing snow removal equipment and procedures.

Examples of equipment and subsystems cperating 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 to integrate all major
subsystems. This eady implementation will allow three gseasons 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 lesting and commissioning {T&C) personnel will be frained and qualified in all relevant procedures
hefore the siart of sach T&C phase. A CBTC Conirol Operators Training Simulator will be provided to support this
process.

YWhen necessary, RTG will simulate exireme conditions {8.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 commitied 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 resulling from supplier consolidation and technological
advances, particularly in communication eguipment and protocols. Modular hardware and software design technologies
have simplified overall designs

Both Alstorn and Thales are confractually required o 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 understood 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 Ingpections

Qualification tests

Factory Acceptance Tests and subsystem integration tests

g2 B B B
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w  Vehicle/Train Control infegration 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 Cttawa environment, RTG will carefully
review supplier submissions. The process of choosing our Tean's Vehicle and Train Control supplier included a detailed
review of theilr proposed interfaces and interface management plan to verify that both suppliers understood the interface
requirements and had the necessary knowledge and experience 1o 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 ars ideally suited to integrate the best solution for the City,

Test programs will be developed o demonsirate all aspects of the interfaces, This will include First Arlicle Inspections,
qualification tests, Faclory 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 3
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 to an appropriate stage, they will be combined for integration testing (see Drawing
541.D1D&E).

RTG will manage integration of other subsystems by applying the principles used for the Vehicle/Train Control interface.
Lessons Learned from Other Project Integrations

Integration of the Canada Line project was based on a similar strategy to that cutlined herein, with the following legssons
directly applicable o the OLRT Projsct:

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

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

® Agree with each 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 (o prepare relevant documents and other activities.
Prepare and sign certificales as early as possible.
Combing items In one certificate where timing is similar and signatories match,

Ensure that Revenue Service Operating procedures and iraining programs related to safe operations during the
T&C phase {e.g. Train movements, fraction power 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 activities on an ongoing basis.

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

g B B B

Lessons learned are also discussed in Section 5.4.1.1.

SECTHON 5.4
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5.4.1.8 Systems Branding Strategy

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 City for generations to
come. Branding this iconic system creates a unique opportunity to enhance the reputation and quality of life of the City
and her cifizens. Systems are a key component of the new OLRT brand — the quality and performance of this ‘product
component’ will serve to build the System’s repulation for safety, reliability and efficiency. The more visible system
components, including equipment that is visible to 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
o 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 io the brand messaging. The Yehicle branding strategy 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
Cettificate ~ Attachment B. In this section we are providing supporting information to demonstrate the compliance, this
includes names of potential manufacturers, equipment type and place of manufacture and contact details of manufaciurer
{Table 5.4-3). Table 5.4-2 indicates the breakdown of the requirements calculated in accordance with the Canadian
Content Policy and in the specified categories. Of the 27% Canadian Content 16% is from Ontario.

Table 5.4-2 | Local Content calvulation

{Labour

Subﬁcmp(}?:gz% aér%dacempenems 4% 14 3%
Project management 6% 25% 1%
Engineering ; 16% 5% 1%
Manual, Training, Simulators 3.5% 0% 3%
Special tools 0.3% 0% 0%
Test equipment 2% 0% 1%
Freight 0.2% 0% | 0%
Warranty 3% 100% 3%

TOTAL 100% 27.3%

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

Alstom and RTG consent to the disclosure, verification and audit of the information forming the basis of thelr 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 Oniario, and their designates.

70 Years of Experience in Canada

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

Alstom has besn 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 sile
in Quebes, and the Montreal railway maintenance cenire (see Figure 5.4-1).

BECTION 5.4
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Figure 5.4-1 | Alstomm Canadian Operations

Local Project Management

A local Project Manager will be appointed at the Project launch. Based in Ottawa, he/she will ensure that the targested
Canadian content is achieved. 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 wili help them to set up 3 localization
strategy in order {0 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.

Supplier management

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

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

Alstom will advertise their upcoming contracts on their website, in local newspapers, procurement websites and relevant
frade journals. In addition to this, they will include a list of key contacts for each current supplier conlract and sub-
confracted service, to encourage second and third tier potential suppliers to contact key suppliers and work in
collaboration. Last but not least, Alstom will organize a Supplier Day in Ottawa to communicate the Project's main
objsctives 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, If local
supplier procurement targets are not being met the local Project Manager will instigate corrective actions.
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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 to deliver the
contract safely. The pass/ fail will be assessed on:

w  Safely performance
#  Capability (Turnover, relevant experience)

If suppliers/ sub-contractors pass the first stage then a welghted scoring criteria will be used to select 3 supplier/ 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 8 8 8 B B

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

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 chaired 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 mesting)
Environmental issues and control measures

Commercial

g2 B 8 8 B B B

Labour

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

A dedicated Otlawa Industrial Management Plan will be defined at the beginning of the Project. The objective of the
industrialization plan is to;

# Define the manufacturing tools and procass, and optimise the related investmants.
g Bulld 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 Oftawa. The modular design of Citadis
Vehicles easily supports production and final assembly of the sub-agsembly modules {roof) sides, cabin, and underframe)
in the Canadian facility (see Figure 5.4-2).

BECTION 5.4
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Figure b.4-2 | Modufar Design Facilitates Production and Assembly

Coupling &
Final fitting

The final dynamic routine tests will take place on the OLRT System track.
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 fittied modules will be agsembled to form each section based on riveting technology. After the dimensional control
of the gection structure, the final interior fitting and installation of roof sguipment will be carried oul. An assembly control
{mainly electric continuity and diglectic test) is carried out before train assembly {(see Cut Sheet 5.4.1-C8-1001).

Yehicles assembly

Each completed section is placed on bogis (8) and then coupled to the next vehicle, When the 4 cars of a train are
coupled, final wiring is completed before the train is fransferred to testing.

Yehicles testing

Each vehicle will be tested in siatic 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 5,4-3 | Supplier Database Located in Canada

Faiveley Transport Canada 1002 Rue Sherbrooks Ouest, Montréal,
inc. Québec

Mersen 88 Homer Ave, Elobicoke, Onlatio Electical components
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Wabtec 475 Seaman 81, Sloney Creek, Ontario Passengers doors 1 :
@ CRESRRAPHE

Ceit Groupe 5650 Rue Trudeauy, Saint-Hyacinthe, Interior Lining

Qusbec
Knorr Bramse 675 Development Drive, Kingston, Ontario | Brakas
Dimension Composite 2530, 95¢ Rus, Saint-Georges, Quéhec GRP Front End
{ Gard 7615 Kimbal St,, Unit 1, Mississauga, Braking resistor

Ortario
Alstom Canada ine. 1010 rue Sherbrooke, Montréal, Québec CCTY ALSTOM
Preico 84 Bouleverd Cartier, Rividre du Loup, Windows &

Quebec Windshisld

Other Bams

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

#  Enginesring - Alstors Field Engineer will be in charge of the warranty, reliability and maintainability growth
phase. Work will be performed locally by Canadian engineers.

w  Test equipment - Serial tests on each Vahicle will be performed on OLRT System track by Canadian Enginsers.
NRC’s climatic chamber in Ottawa may be used for specific climatic-type tests.

Freight - Canadian freight companies will be used to transport vehicles and goods.
Warranty - During the warranty period, Canadian engineers will ensure 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 Alstom’s main projects with a local content requirement,

Table 5.4-4 | Examples of succassiuf Technology Transfer

4 Korea - KTX {Korean Hig Fuli transfer from France 1o Korean pariners

500 China CoUo Elsctric locomotives Full transfer from France o Chiness pariners

Montreal Metro (Bogies) Transfer from Alstorn Le Creusot to Alstom Sorel Tracy
{Quebec)

70 Madrid LRY | Transfer from La Rochelle {France) to Barcelona(Spain}

37 lstanbut LRV

20 Acela Express trains Transfer from Valenclennas (France) o Katowics (Poland)

SECTIHON 5.4
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| Traction cubicle: Transfer from Tarbes {France) to Homell

20 Acela Express trains (QSM . . . ; . :
Trucks: Transfer from Le Creusot (France) lo Bombardier
{LISA)

Figure b.4-3 | Examples of SBuccessfil Technology Transfer

Once the two first OLRT Trains have been fully validated 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 include the following:

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

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

A manufacturing building {4000 m? approx. + additional warshouss)
B A static test building to perform water tightness and functional static test - (2500 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 o perform the water
tightness test, The planned layout is shown in Cut Sheet 5.4.1-CS-1001.

Hiring Plan and Skills Development

Alstom intends to hire more than 100 people locally to manufacture the OLRT Vehicles. These workers can be transferred
to maintenance activity on conclusion of manufacturing. The personnel breakdown will be approximately B0% workers and
20% management. In addition, the hiring plan will consider other personnel for the Project management team and local
engineering team.

Alstom’s recruitment strategy 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
w 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-mall blasts” 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

m  “Mining” third party applicant
databases containing résumés

Sinsnding

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

Branding and visibility reinforcement

Multiple sources of applications =
multiple sources of advertisements

&  Supporting the search for key technical
talent: useful niche sites for technical
experis

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

# Methodology is applicable to ali other
digeiplines (Key Management positions,
elg).

This strategy will be applied o all type of positions:

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

The standard recrulitment 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 their review

# The relevant Manager and his/her team review the resumss and communicate the preferred selection fo the
Human Resources Department

# The HR Department phones the selected candidates with selected questions and send feedback io 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 strategies discussed in this section, RTG is confident that the 25% Canadian Content can be
achieved.

BECTION 5.4
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545 LIGHT RAIL VEMICLES

Passenger Vehicles are the dynamic linking element of any LRT system and coniribute significantly to the customer’s
experience, The OLRT Vehicles must consistently address a 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 been sold worldwide. More than 40
cities have purchased the Citadis LRV, thereafter accumulating more than 245 million kilometres for this servige-proven
vehicle.

Citadis vehicles deliver a wealth of advantages in support of Passenger comfort, and system capacity, aesthetics, availability
and safety. This superbly engineered vehicls is easily customizable, easily accessible and easier on the environment. Citadis
is also the only 100% low-floor LRV in the world running in daily operation at 100 km/h. 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, altractive riding experience

- Two-level suspension fruck provides ultra-smooth trip and high comfort levels
m System Capacity - 100% Low-floor Yehicle

- 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 3 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 Otlawa landscape
m System Avallability - State-of-the-art systems; global expertise
- Citadis benefits from Alstom’s global expertiss as a Train maintainer
- State-of-the-art on-board monitoring system for remote diagnoesis and troubleshooting

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

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

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

- Bafety is considered through the entire lifecycle of the Vehicle: from concept to O&M

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

Designed 1o be easily customized to accommodate Ottawa’s specific requirements

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

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

- Leveling system ensures perfect alignment between platform and the LRV

- Large corridors and gangway
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m Environmentally Sensitive —~ Reduced footprint and impsacls
- VYehicle is recyclable at 85%
- Reduced energy consumption
+ LRV features regenerative braking
Citadis is fitled with a single-stage gearbox for better sfficiency
Interior lighting is based on low-consumption LED
- Vehicle 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 City for generations fo
come. Branding this iconic system creates a unique opportunity to 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 ullimalely become the face’ of the brand. Too often, Vehicle fivery has been largely
regarded as an extension of the agency, a “uniform” 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 {o 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 Vehidle brand will encompass the Vehicle front styling, interior and exterior
colour schemes, window Hinting 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 to represent in the eyes of its target audience.
A better product - Product qualily is an ideal branding variable, Working within the budget envelope, 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 thelr needs.

®  An exercise of creativity - Vehicle branding requires creative thinking, planning and execufion 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 railway industry. The
department 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.

BECTION 5.4
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The D&S department’s cross-functional organization is particularly well suited to meeting the specific needs of envisioning
and ingcorporating key branding elements;

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

For the OLRT Project, Alstom will follow its normal practice and use a highly collaborative approach o branding with
active and ongoing involvement of the City and key Stakeholders. A multi-disciplinary team, including graphic designers,
architects, planners, engineesrs, 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 unigue competitive advantage of our modular product configuration is that the front end and interior arrangement can be
customized and become a critical component of the brand. The D&S department will propose varicus 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 | Vehiole 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 thal ensures Vehicle design delivers maximum
branding value and quality resulis.

BECTION 5.4
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Design, Step-By-Step

The design process is divided into six steps: preliminary meeting, pre-choice mesting, 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 time. 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 consull with
engineers and suppliers who speak a common languags.

A Proven Methodology

Listening to client needs is bulll into the team-based approach. It is imperative to ask the right questions to fully grasp the
nature of each 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. Adiustments can be made at any stage of the process, from the rough sketch to
the 3D modsal. A five-axis milling machine then renders the design into a volumatric model.

Design Manual

At the freeze meeting, 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 oplions and materials. The signing of the Design Manual serves as
a contractual agreement between Alstom and its 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.

Figire 5.4-4 | Prefiminary studies of three front end shapes proposed for GLRT

To demonstrate the scope and flexibility of our branding process the Alstom D&S department and RTG have created
three prefiminary design alternatives for exterior design and interior design. Following a review of what is building the City
today, and what the City is building for tomorrow, these alternatives have been specifically created for Ottawa. Starting
with the identification of key elements that could form the basis of a strong OLRT brand foundation, we have shown how
we translate these into shapes, graphics and colours in the vehicle 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 creates flexibility and possibility from the outset. The alternatives included here
are intended o 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, i
retaing the essential lines of the maple leaf to create a design that
recalls the national symbol without being literal and ohvious. The
graphic and form create a style that is contemporary today, and will
become a classic in the future. It is strong, solid and present. The
surface treatment is both detailed and sleek, conveying a sense of
guality and pride befitting the stature of Canada’s capital city.

Theme B: Quiet Strength

Ottawa is homs to the world’s largest tulip festival. This thems
takes inspiration from the tulip petal and is well balanced and
softly curved. The result is highly aesthelic and elegant, and
conveys a sense of quist strength. The large windscreen with
integrated  headlights creates a heighiened sense of
transparency and expansiveness. A compatison of this
treatment to that of the Istanbul LRV is a strong example of how
we take the essence of a cily and transform i into a unique
brand element. Although both cities ¢laim the tulip as an iconic
element, the OLRT expression is uniquely Canadian.

SECTIHON 5.4
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Theme C. Fast Forward

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

the City has arrived.
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Interior Design
Theme 1. Geomslry

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 cholce, a sense of
animation is created by combining strong contrasting colours with neutral elements. The resull is strong, contemporary
and distinctive,

Theme 2: Facels

In this design it appears that facets of light from
passing buildings are refiecting within the Passenger
car. The diamond grid pattermn on the ceiling gives the
impression of light reflecting off the water - creating a
bright, animated ambiance. The classic colour schems
produces a sense of calm and comfort. 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 atmosphere.
The images are a subtle reminder of the simple
pleasure of taking fime each day to really look at our
surroundings.

All of the elements shown in the three external and three internal design oplions are interchangeable. These design
options demonstrate how character and interest can be added to the Vehicle branding process by integrating elements
that reflact on local history, aspirations, culture, and unique aspects of the surrounding landscaps.

54.3.2 Proposed Vehicle

General Arrangement and Performance Level

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

# 1 extremity section with Driver's cabin and motor fruck (MC1)
# 1intermediate section with one trailer truck {IMC1)
& 1 centre car with one trailer truck and one motor truck (CC)

SECTIHON 5.4
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B 1 extremily section with Driver's cabin and motor truck (MC2)

Figure h.4-5 | Arficulaling Sections and Low-Floor Arrangement

it Tt * 3 BHE

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 flal 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 Passenger area.

m Optimized Capacity - In partial low-floor vehicles, standing Passengers remain in the low-floor sections; in a
106% 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 fow-floor Vehicles
resulting in smoother vehicle profiles and reduced visual impact.

Other key Vehicle features include the following:

Maximum operating speed of 100 kmvh for high-capadity line.
Large windows in the Passenger compartment creaie a feeling 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 (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 Passengesr cars.
The proposed width and length combination optimizes capacity while ensuring a high level of Passenger comfori.

Major sub-systems, such as HVAC, traction cubicle or air 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 a more aesthelic vehicle with a large Passenger compartment while reducing the
vehicle dynamic envelop.

 1he Yehicle's medular design enables large use of pre-assembly, making it easy to assembie 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.

Fable 5.4-6 | Vehicle Cheracleristics

Length over coupler face 49 metres
- ... .
""""""""""""""""""""""""""""""""""""""""" Vehicle areweight . T8tmnes
Number of sactions 4
Nuraber of trucks 8
Number of motor rucks 3

Sealed Passengers

~

Standing Passengers with 3.33 passim®

Total Train capacity at 3.33 pass/im?

104 seats + 16 flip-ups
180 Passangers

300 Passengers

Comfort rate with 3,33 passin?? 40%
Whaelchair areas 4
Double doors 7

Ferformance Reliability and Safety of Proposed Vehicle

The proposed Vehicle is an svolution of Citadis based on Istanbul Citadis and SNCF Nanies Citadis to fulfil OLRT
requirements (Section 5.4.3.3 provides more details). The main modifications to the Citadis Nantes are the following:

Remaoval of the handicapped toilet in MC1

E 8 B B8 8 B B

Replace SNCF signaling system with Thales CBTC system
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

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

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

Table 5.4-7 | Performance of Proposed Vehidle

Maximum Speed 100 kmih
Acceleration: Initial maximum vehicle acceleration (OCS voltage>1500 V., AW?2 Loading) up fo 1.34 mis® +[-5%
32 knvh
Full service electric brake rate at AW3 loading from 64 km/h to 5 km/h 1.34m/s*
 Full servios blended (slectric/friction) at AW3 from 80 kmh to standstl | - 13mis:
Maximum service biended (slectricffriction) + frack brake up fo AW3 from 88 kmih o standstill 2mis?
SECTION 5.4
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Fuii service fnfstm brake raie at AWS anc:img from 80 km b fo slandsiill 1 34mfs~ # ?G%

Emergency Brake at AW3 load from 48 kmih to standstil 22.24 m/s?
1.78 mis? +20%-10%

Friction only at loads up to AW3 load from 80 kim/h to standstil

Parking brake holds an AW3 Train on a 6% grade indefinitely
Jerk rate | From 0.4 o 1.34m/s3

Reliability

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

Table 5.4-8 | Vehicle Reliability

Mean distance betwsen Service-Disrupting Failures over a 12-month period (per LRY) 52000 km

Mean Time To Repalr fallures (MTTR) 1.5 hour

Maintenance periods 12500 km

25000 km

75000 km

100000 km
300000 km
400000 km
600060 km
900060 km
1200000 km

Failure recovery achievable within "x” minutes of two Trains converging (i.e. tims fo couple o 30 min
an immobilized Train, reconfigure the consist, and starl moving it off the ling)

Safety

Safely is at the core of every Alstom product. During development of the Citadis product range, close attention was paid
to all safety-related aspects and items o make Citadis one of the safest Trains on the market. For the OLRT Project, a
complete safety study will be part of product development. This study will take into account the tremendous amount of in-
service experience on the Citadis 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 farget,

Safely Analyses

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

B Fault Tree Analysis taking into consideration the different events - A deductive method starting from a single
and well identified event, leading to basic evenis that are sach independent and amenable to calculation of their
probabilities {e.g. breakdowns, human mistakes, external conditions).
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w FMECA (Failure Mode Effects and Criticality Analysis) - An inductive method whereby, starting from the exact
definition of the functions of a device or assembly, one can systematically seek cut the fallure modes and their
consequences or effects on the Citadis set,

These analyses will demonstrate 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 enlered in
the "rofling stock safety level justification file”. The steps needed to deal with risks may consist of the following:

Structural provisions

Functional provisions

Provigsions related o 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 ceass when Emergency Brake is requested
Train moves in wrong direction

Door opens spontanecusly when not commanded

Door opens on wrong side of car

Excessive currenis 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 safety level concams all equipment which requires safety 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 parformed {o verify the design.

Safety levels are atfributed during the design phase by the safsty department for the equipment being considered. The
safety level of an assembly corresponds to the conseguences 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 safety levels used for the
design, whether screwed or welded assembly, is as foliows:

w Leavel 1 - High: The rupture of the assembly leads to physical injury and global failure of the assembled system.
=> Disastrous level

w lLevel 2 - Moderate: The rupture of the assembly affecits global 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

BECTION 5.4
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Safety Synthesis File Justifying the Safety Level of the Rolling Stock

The file justifving the safety level of the rolling 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 qualitative andfor quantitative analysis of the event grouping together the structural provisions, the quality links, the
operational surveillance systems and the requirements during operation and maintenance

Requirements for Safety during Operation {Ling and Maintenance)

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

Analysis of Test Plans

The obiective of this fask is to check that the requirements and recommendations resulting from safety analyses
concerning the tests o be performed have been taken inte consideration.

Analysis of Procedure for Application of Modifications

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

Safety File

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

Winterization Measures

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 safely and comfort
w Ensure proper operation of rolling stock

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

B Alstom’s extensive expsrience in manufacturing vehicles for environments with heavy snow and extreme cold
conditions {e.g. Citadis for Grenoble, X40 Train for Sweden, Helsinki-Saint Petersburg high-speed filting Train,
Moscow framway, EP 20 and 2ES5 locomotives for Russia, KZ8A and KZ4AT locomotives 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 characteristics; reliability of electronic, pneumatic
and hydraulic equipment; thermal comfort, and cold surfaces in Passenger area.
Snow ~ This will impact filtration at air intake, roof and underframe accumulation, presence on track, and visibility.
Ice 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
Fassengers.
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w lcefsnow removal - Presence of sall, glycol or other products used o 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).

m  Condensation - Condensation will impact inferior comfort conditions, visibility, increase risk of corrosion, affect proper
operation of electronic component and affect equipment’s fife 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 PrEN16251 - Rallway Application - Environmental conditions -

design and test of rolling stock under severe conditions.

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

Solutions to Ensure Passenger Safety and Comfort

Thermal Insulation of Passenger compartment and Driver's cab. To ensure that temperalure remains comfortable
and homogensous inside the Train in the most extrame conditions (hot or cold), thermal insulation is key. It serves three

main purposes:

#  Ensuring homogeneous temperature through the Passenger compartment
®  Proventing Passengers from contacting cold andfor wet surfaces
# Reducing the energy needed to heat-up or cool down the Vehicle

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

w A multilayer acetate cellulcid insulating material to drain
condensation water

A layer of seff-adhesive insulation material

in areas where structure could come in contact with the intermnal
fitting wall, particular care is taken 1o prevent thermal bridges
between the structure and the material accessible to Passengers,
by using a combination of the following:

A thermal and water vapour barrier made of a clogsed-cell
insulating material
#  Polymer wedges between steel structure and interor pansling

Floor insulation will be achisved by superposition of the following:

® A multilaver acetate cellulold insulating material to drain
condensation water

w  Alayer of glass wool with a protective skin

Most floor insulation will be incorpeorated in the floor structure.

\\)\ J /
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Safety of Passenger access. To 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, healing
will be provided by the roofmounted HVYAC unil, and heated air will be provided 1o the Passenger compartment through
an air diffuser located on the celling and at floor level. Where required, heaters and a heating floor will provide additional
healing.

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

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

m  For a stop in tunnel - Al platform side doors will open o ensure every door on the Train is open at least three fimes per
round trip, thus preventing significant accerstion 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 squipped with a state-of-the-art wheel 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 circult, 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 Struciural elements will be hermatically sealed or will contain drainage holes of at least 20 mm located to prevent
condansation water from accumulating and freezing inside the structure, Drainage holes will be locatsd to prevent
water projection on sensitive equipment.

m  External equipment will contain provisions {e.g. insulation, drainage holes) to reduce thermal shock andior
evacuate condensation water.

A global draining frame will be located inside the Train to svacuate condensation water.

Humidity resistance of electrical and electronic apparatus wilt be reinforced {e.g. use of specific vamish on electronic
boards).

Material selection. All material used on the Train {including ofl, 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 fruck componenis {(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 fest &t -38°C, including glues and
joints. For all external components, material will be selected o 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. External panels and components will be designed to reduce snow
accumulation on the roof. Particular care will be taken to prevent snow accumulation andior 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 necsssary, screens and covers will be used to protect under-frame eguipment,
wiring and connectors from ice impacts. Components will be located fo minimize exposure. In areas where protection
screens cannot be installed {area around truck), the frame will be protected against impact by a protective 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 outlet. The air inlet will be positionad 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 accurmulate, 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 panfograph to deal with snow accumulation on catenary. Pantograph raising and lowering will be done
slectrically. To ensure a good slectrical contact between the pantograph and the catenary, the proposed pantograph will
he 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. Whan folded, the coupler will be protected from exiernal poliution such as snow, ice, dust and sall.

Validation

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

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

Al the Vehicle level:

w Design adaplations linked with Vehicle winterization will be validated on the Train, When applicable, tast
procedures will be based on the recommendations of the PrEN16251.

# Train-level performance will be validated under the severe condilions 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 Hornell, NY or in the NRC facility in Ottawa
- 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 Vehicles are substantially compliant with the four parts of the PA Schedule 15-1
definition of a Service Proven Vehicle.

BECTION 5.4
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Table 5.4-8 | Service History

istanbul Citadis
# 37 vehicles in service

System opened December 2010
Operating Speed: 70 km/h

Operation in multiple unit of two vehicles

120s minimum headway
19.5 ki line
14,000 FPHPD at peak hour

® B 8 B B B

BNCF Nantes Citadis
7 vehicles with 12 months of service
Cperating Spsad: 100 kb
Operstion in single and multiple units of up to three yahicles

Operated as 5 suburban Train
26.5km line
Only Full low-floor LRT running at 100kmiéh

As summarized in Table 5.4-9, all OLRT Vehicle subsystems 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 Istanbul is as follows, with fallures being defined as malfunctions causing Revenue
Service delays of 4 minutes or more:

g arget MDBTD on Istanbul = 130,000 km
g Achieved MDBTD after 14 month = 575,000 km
m arget MDBTD on Ottawa LRT = 50,000 km
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Table 5.4-10 | Vehicle Subsystems

IXEGE Truck

m  Most recent Ciladis truck generation specially designed for high comfort, 100%
tow-floor and 100 kph operation

#  This truck is pivoting and fitted with solid axle
#  Truck layout drawing is provided in Cut Sheet 5.4.1-08-208

Hydraulic braking system
#  Alzstom has developed two alternative and interchangeable solutions for the
Citadis family:
Faiveley system is mounted on Istanbil
Knorr system is mounted on SNCF Nantas

#  Drawings for Nanies brake system are provided in Cut Sheets 5.4.1-05-281 to
5.4.1-C8-207

ONIX Propulsion system

#  Alstom ONIX IGTE technology + Alstom AGATE control unit is the standard
Alstom traction system

# Equip all Citadis LRY

Articulation joint
#  Standard and proven-design Ciladis solution is inslalled on both Istanbul and

GNCF Citadis

5.4.34 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 long consists and will design the OLRT Vehicles to
account for the requirements for structural strength, pushing and towing, coupler structural strength, resistance losses for
instance, as further described in Section 5.4.3.21.

SECTHON 5.4
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Figure 5.4-6 | Vehicle Consist Modutarity

Figure 54-8 illustrates the Vehicle oonsist |
modularity principle of the Citadis range fitted with

pivoting trucks, Ottawa’s Vehicle will be an |

evolution of SNCF Nantes Citadis and specific e _
design modifications are, therefore, not required. E

% to 31 maturs

Train consist and architecture is similar but the
carbody shells are slightly extended for Ottawa, to
comply with ridership and door arrangement
expectations. Particular attention has been paid to
comply with truck axle weight limitation and
minimum radius curves.

The Citadis MNantes is operated daily in multiple
units of 2 or 3 Vehicles for a maximum Traln o
fength of 126m. As shown in Figure 5.4-7, the E\
typical proposed OLRT Train will be & multiple unit »
of two 49 m Vehicles for 3 maximum Train length of 98 m. Based on our experience 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 ancther) is taken into account in the design of the Train {e.g. structural strength car-body and coupler, Train line
design for losses due o Train length and coupler passags).

49 t0 59 meters |

Figire 5.4-7 | Train Conaisls

®Y R k33 B

CITADIS Ottawa

CITADES futanbul

54.3.5 Testing
List of Tests
Serial Tesls

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

Current return cirouits and protection circuils tesis

Dielectric strength and insulation of all 1500 V and low voltage circulls

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

Door functional tests

Ventilation and heating tests

Traction — braking static tesis

Brake system and hydraulic circuils tesis

Passenger information and CCTV tests

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 tightness check of complete Vehicle

Wheel flange lubrication and sanding system tests
Safety davices tests

Door functional tests

Traction functional check

Braking functional and performance lesls

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 will 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 to Vehicle infegration testing in
Ottawa. Type tests are performed on new items, of new sub-systems. A type test proves that the specified contractual
performance and functicnal requirement has been achieved. Validation activities will be structured 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 wili be
used,

BECTION 5.4
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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 Roliing stock on complstion of construction and before entry into
gervice” and the technical specification requirements that nesd a test to demonstrate Vehicle and Train compliance.

On the basis of a gap analyses with the reference solution, a 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 Validation

During the testing phase the Validation team will work with the different subsystem suppliers and infernal subsystem
experts, to prepare component type tests, and participate in testing critical systems, i.e. doors, fraction, brake, hogies,
and Train Controt and Monitoring System {(TCMS).

A significant component validation test will be the static car-shell structurs 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 12663,
will be performed,

integration Testing

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

Functional 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 Vehicle performance under winter conditions, tests will be performed under extreme temperatures, and
under winter conditions, in a dlimate chamber. During this test the important systems such as the brake system, air
supply, 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 to testing on-site in
Ottawa. The program will focus on the different braking modes in nominal and degraded mode in several lnad 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 phass, the ability to rescue a Train with another Train will aiso be testad.

On-Site Integration Tests

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

Even though most components are service proven, most type tests at Train lsvel will need to be performed for the specific
Ottawa Train configuration and operation interfaces. Howaver, the component type lests performed for existing Citadis will
he used as a reference and will be supplied,

Available applicable Tast 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 see applicable test reports.

*Please Nofe: Die o the length of test results, the following reports have been submitted in electronic format only.

Table 54-114 | Available Test Reporis

TEST REPORT RAPPORT D'ESSAIS
54.1ATR-101 | Testing | TRAM-TRAIN Tram-Train Nouvelle Génération
NEW GENERATION WINDSHIELD % Pare Brise
TYPE TEST REPORT
CDRL 7-08

SA1ATRA02 | Tesling | 4yl 1ARY CONVERTER FOR GITADIS

OPTIONS 7,9, 11, 12,13, AND 18

TEST REPORT RAPPORT D'ESSAL
. TRAM-TRAIN NOUVELLE GENERATION
i \
5.4 1A TR-103 Testing gﬁ%iﬁ?&%ﬁﬁiﬁ? g\i}ON ALSTOM ALSTOM
CRENCH NATIONAL RAILWAYS PERFORMANCES DE FREINAGE SUR
RFN
TYPE TEST . .
PROJECT TTNG Essai de type -~ projet TTNG

54.1A-TR104 Testing Porte louvovante coulissants a 2 vantaux

SWIVELLING AND SLIDING DOOR & marche

WITH 2 PANELS AND &TEP

EXIGENCES ACOUSTIQUES AU

TEST REPORT
54.1A-TR-105 Testing . CAHIER
ACOUSTIC SPECIFICATIONS NES CHARGES
CITADIS 35 kW
541 A-TR-108 Tasting TTNG PROJECT
QULIFICATION TESTS
. TYPE TEST REPORT ) o
541 A-TR-107 Testing MEASURES OF ILLUMINATION/LIGHTING Measures de I'éclairernent
54 1A-TR-108 Testi TYFE TEST REFORT m  Sshlage
ALATR asting SANDING g
5 4.1 ATRA09 Test TYPE TEST REPORT
AAT Being NVR, CAMERA AND EMB
SECTION 5.4
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e TYPE TEST REPORT
o - VEHICLE MEDIA CONTROLLER - 4T
S a1 ATRAt] | Test TYPE TEST REPORT
A AR 89w INTERNAL LED DISPLAY
_ TYPE TEST REPORTY Systéme Intaret on bord
AR INTERNET ONBOARD SYSTEM Rapport d'essais de type
cat ATRAs | Tost TYPE TEST REPORT
AdAR 8sHRg 6L PA PACK
_ ® TYPE TEST REFORT Caméra IP
s b { Testing | 4 SURVEILLANGE CAMERA (IP) Rapport d essals de type
TYPE TEST REPORT Rack CCTV - NVR / EBM / WIF]
541ATR115 | Testing RACK COTV Ao LY - VIR FEEI
) Rapport d'essais de type
NVRIEBM/WIE]
54 1A-TR-118 Testin e w  Disjoncteur Arc 1520 M
AR S
= BREAKER ‘
TYPE TEST REPORT Z?p.p?” d'ezsaf’s de type it
st /
541ATRA17 | Testing BRAKING RESISTANCE nf}gmﬁzw B Heinage a ventiaton
tel
# AR COOLED . TG
®  IMPACT SIMULATION FOR ALSTOM
Rl ®  PROJECT TTNG/FRANCE
e ®9N9 | @ AUTOMATIC COUPLER
m  TYPE $D330
w  STATIC TESTS
®  EXTRACT FROM STANDARD NF F 31-119
B RAILWAY ROLLING STOCK
5.4.1.A-TR-118 Teasting # BEHAVIOUR OF ROLLING STOCK'S B Extrait de la norme NF F 31-118
SEATS AT STATICS STRESS,
w  FATIGUE STRESS, VIBRATIONS STRESS
AND SHOCKS STRESS
B Essais Sialiques De Resistance De
STATIC RESISTANGE TEST OF Structure
54 1ATR-201 Car Body m  CARBODY STRUCTURE m  Sur Chaudrons De Calsses TING
TTNG D¢ Fabrication

Alslom
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DESIGN NOTES
CAR BODY STATIC AND FATIGUE

CALCULSEN STATIQUE DE LA

54.1A-TR-202 Car Body DESIGN STRUCTURE DE CAISSE CEx
CALCULATIONS AVEC 2 PORTES PAR FACE
CEx WITH 2 DOORS PER SIDE
. gizi{g?}gfcgiﬁﬁ AND FATIGUE e
54 1A TR-203 Car Body DESIGN FATIGUE DE LA STRUCTURE DE
CALCULATIONS - CX Ses O
giifgs\{iiﬂc AND FATIGUE CALCULS EN STATIQUE ET EN
541 A-TR-204 Car Body DESION FATIGUE DE LA STRUCTURE DE
CALCULATIONS - C2B CAISSE C28
PESIGN NDTES ®  Simulations des collisions de
541 A-TR-301 Crash CRASH TESTS REFERENCE o -
reférence
SIMULATIONS
54.1.A-TR-302 Crash REGISTRATION OF CRASH TEST W Recalage de Pessal collision cabine
#w Essais de collision échalle 1
541 ATRI0S . TEST REPORT B surlacabine TTNG
. CRASH TEST LEVEL 1 ON CABIN m RAPPORT
m YESSA

54.1.A-TR-401 | Thermai Load

CITADIS OTTAWA

HYAC THERMAL LOAD CALCULATION

Table 5.4-11B lists component-type tests and Train-type tesis,

Table 5.4-118 | Component Type Tests and Train Type Tests

R

Windscresn Performances

R

Bogie System

Winterization/Climatic Adaplation

Awx: Auxiliary Supply

BECTION 5.4
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internal Lighting

Sanding

PARIS

Signaling Interface

Main Circuit Bresker

Traction Converter {

Braking Resistor

Motor o
Carbody Shell *
Automatic Coupler
Seats
Interiors 9
Smoke Detecto ®

Resistance to Motion ®
D[mens{onaland@auge B B

EMC: Elsetromagnetic Compatibility ®
""""""""""""""""""""" AcoustiosNoise | e

Railway Dynamics ®

Waight Management and Allocations &

Winterization/Climatic Adapistion ' ®

Aux: Auxiliary Supply ®
. -

Doors ®

Horn and End Lights ®

HVAC @

Internal Lighting ®

Sanding ®

PAIRIS ®

Signaling Intarface &

COW0544752
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TOMS

Traction

Safety Earthing (grounding)

Fire Frotection System

& 8 2 @

Train: Journey Time

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

Hunifiary Powar

Suppty
Teseien Blagk é

e Prostion

Fhsosat Fedetion Bhick § HSEH o Seaeeioss Mok

?mﬁ#@sxg&h

The Vehicle’s high-voltage architecture is shown in the Traction Block Diagram {Cut Sheet 5.4.1-C5-801):

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

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

- The HV presence indicator

- The auxiliary protection fuse

5

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

The power is then distributed to the various power blocks located on the MC1, IMC1 and MC2 cars and the Auxiliary
power supply located on the CC car.

SECTON B4
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Traction Block Control Unit
The traction block containg the following apparatus {see Cut Sheet 5.4.1-CS5-801):

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 {181 and 18.2) located on the
motor truck

Associated current sensors {17)
The rheostatic grids (13} ars located on the roof next o the traction box

E B BE B B

Return Current

The return current schame has bean designed to provide redundant paths to return current safely to the rail in 3 manner
that protects bearings while reducing interference o wayside squipment. Resilient wheels are provided with four shunt
straps between the whael hub and the rim.

Augitiary Fower

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 cutput to operate the various on-board systems and devices:

B 28.5 Volts do that supplies all LV 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)

w480V 80 Hz, three-phase, fixed frequency that supplies the Driver's cabin heater, saloon heaters and air compressors

m 480V 60 Hz three-phase with variable frequency from 45 Hz to 80 Hz (U constant) that supplies the compartment
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 Ve batteries provide back-up power supply to critical loads 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 ausiliary Ioads {ac and dc) are circuit breaker protected. Al circuit breakers are available from the ¢cab compartment,
Batteries
The nickel-cadmium batteries, charged by the static converters deliver the following:

m  Energy for low-voltage circulls {e.g. track brakes)
m Emergency loads
m Various devices {e.q. pantograph motor, windshield wiper motor)

The battery capacity was caloulated taking the following design criteria into account:

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

When the batteries are discharged, they can be recharged by an external 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 28,5V Train
network. The battery is isclated from the Train by means of the battery isolation switch and is then connected directly (o
the socket. Connection of this sockst to an external charger then enables the batlery to be recharged. Note that it Is not
possible to power Train equipment via this charging socket.

5.4.3.7 Industrial Design Representations

Alstom has long established a global reputation for know-how in transportation solutions. Unigue for the railway industry,
the Design & Styling department was created in 2005 to 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 to 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’ assthetic and performance expectations, while respecting the general configuration of the vehicle under
development.

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

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

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

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

Maeting design expectations for the enfire range of Alstom Passenger Trains, from urban fo main line Trains

g2 B 8 =

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

Our highly collaborative approach to design actively involves the client and key stakeholders. Working with each city’s
branding process, the D&S depariment analyzes the cultural, economic, political and geographical 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.

BECTION 5.4
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Alstom has laid out a collaborative design process that guarantees quality 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 soon as the
mock-up is accepted by the City, it will be sent to Oftawa and mads available for community and Staksholder programs.

Preliminary Meeting

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

Pre-Choice Meeting

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

Choice meeting

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

Freeze of oplions

Customers sign off o 80% of their preferences. This
marks the beginning of the manufacturing phase for
products related to styling 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. Clients see
factory samplas to check for colours, patterns and trims.

Representative Mock-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

Mock-up

[ S "
%mmmmmmmmmm/
Constructions, surfaces and finishes will be as close as practicably possible o the final product specification. Volume and
incation of interior components will be representative to the serial product to ensure representative spacing betwesn
componenis, The mock-up will not be functional and will not be equipped with trucks but will be fitted with lighting and
Passenger Information Display Systems (PIDS). & will be connected to the 110V, 80 Hz network 1o provide energy fo the
functional equipment. Figure 5.4-10 illustrates the concept, showing the exterior and interior of the Reims LRV mock-up.

Figure 5.4-10 | Reims Vehicle Mock-Up

5.4.3.8 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/im?

Power supply voltage: 1500 V

Inverter filter voltage: 1800 V in braking modss
Half worn wheels

Jerk limitation to 1.3 m/g?

E B 8 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 flywhesl masgses

SECTHON 5.4
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® Resistance to forward motion caloulated with Davies formula (R)
m  Starting resistance
m  Resistance due o slopss (where specified)

Traction Characteristics on Fiat Track

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

Figure 5.4-11 | Single Unit Nominal Traction Characteristic

pie

R

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 AOGDAJADA 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 acoess
doors per side to optimize Passenger accessibility and reduce exchange time at siations (see Figure 5.4-12).




Figure 5.4-12 | Door Placemeni
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M2

in addition;

-4

The Ottawa Vehicle, part of the service-proven Citadis
product range, guarantess a continuous unobstructed
path connecting all accessible elemenis and spacss of
the Vehicle with a low-floor which includes slopes
{less than SBpercent in accordance with TSI
Regquirements)

The accessible space between seatfs, handrails
matches with the ADA requirement (800 mm)
Propogsed 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 tread 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, facilitating access for people with restricted
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 belween the Vehicle at rest and the platform is

76 mm.

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

THE FROPOSED OTTAWA UGHT RANL TRANET PROJECT: TUNNEY'S PASTURE TGO BLAR STATION
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Accommodation of AQDA and ADA Requiremenis

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

Wheelchair Access -

At each enfrance, the dual-eaf doors providing an access width of 1300 mm, to allow passage of one wheslchair or
mobility aid users. A 1220 mm by 760 mm wheselchair 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 to alert Passengers when doors are closing. Each
Yehicle contains signs which indicate that certain seats are priority seats for persons with disabilities (see Figure 5.4-14;
seats in front of display and close to the doors-as cutlined 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 ocoupy them (see Figure
5.4-15). Signage dimensions will meet ADA/ADDA reguirements,

Figure 5.4-15 | Example of Accessibifity Signs
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Passenger Information Displays

Propossd Vehicles are equipped with displays which inform Passengers of the route {see Figure 5.4-16). The syslem 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:

g Visible from the platform
m Located on the face {0 be visible {two per face of the Vehicle}

® Inlegrated behind the window and have a glare-fres surface, and a consistent shape. Text letters ars yellow, contrasted
with the black serigraphy of the window which permiis a clear view,

The Ottawa LRT information system is also equipped with an interior public address system operated by OLRT personnel,
or digitized human speech messages (o announce Stations and provide other Passenger information.

Figure 5.4-18 | PlDs

sy Feot Display
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Pushbutions

All Passengers have access o push buttons for access-door opening request or 10
communicate with the Driver in an emergency. Provisions are made to integrate these
push buttons according to ADAJ/AGDA requirements;

" Located to be accessible by Passenger in wheelchairs
Y Conirast with intemal fitting on which they are mounted

In wheelchair arsas, a push button allows Passengers to request the automatic opening
of the adjacent Passenger door at the next Station. This allows Passengers in
wheslchairs 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 fulilis the TSI requirements so it is possible to grab the
handrails everywhere in the Train. The OLRT Vehicle is equipped with grab bars,
handholds, handrails or stanchions located as follows:

Y In appropriate locations
® By each priority seating area intended for use by persons with disabilities
® At each side of any entrance or exit used by persons with disabilities

SECTIHON 5.4
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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 Vehicle to support independent and safe boarding, on-board circulation, seating
and standing assistance and de-boarding for persons with disabilities.

-

The grab bars, handholds, handrails or stanchions do not interfere with the turning and manoeuvring space required for
mobility aids fo 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 element
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 altached
Designed to prevent catching or snagging of clothes or personal items
Equipped with a slip resistant surface

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

5.4.3.10 Train Systems & Safety Critical Items

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:
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w 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-detection device inhibits the closure of the relevant door as long as
3 Passenger is detectad 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 optimum accessibility for wheels, brakes and traction equipment. Whesls can be removed without separating
the truck from the Vehicle, or removing the axie 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 foliows:

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 acluators are also reversed logic, so if no voltage is applied on the fine, sufficient braking is
applied to stop the Train 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.

BECTION 5.4
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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:

m 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 fruck 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 fruck {both on the motor ruck and
trafler truck). The anti-slide module automatically activates the release of sand.

" in the event of a slide, in service brake, the control sysiem

quickly reduces the effort (Kill the slide) on the truck that has slid.

The effort setling is reduced to adapt the effort to the adhesion

. available. The effort correction is caloulated fo match the whesl

{tralter truck)/axle {motor truck) deceleration and the difference

between the speeds of the whee! {trailer 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
t{g1  delstion,

B v
*

Rotating Axle speed

In a shide during emergency brake, the control system reduces
the effort on the truck that has slid to maintain 2 certain
controlled level of glide (15-20%) to stay as close as possible o
the maximum effort request (Keep the sglide), This type of
regulation (Keep the slide} aliows for high efficiency in high-adhesion level braking (Figure 5.4-18).

Figure §.4-17 | Rotating axle speed requlation on a
shiding whesl (Irailer trucklaxie {motor ruck) during
sarvics brake
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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 {o the reference speed. When there is no
more spin, the traction effort is gradually applied again (Figure 5.4-19).

&

 —— . Rotating Axle spesed Rotating Axle speed v

Ligh

Figure §.4-18 | Rotating axle speed regulation an a Figure 5.4-18 | Rofating axle spesd regulation on a skidding
shiding wheel or axle during emergency brake axte (motor fruck) during fraction phase

5.4.3.12 Vehicle Delivery & Partial Assembly

The Vehicle will be shipped separately in two sections from France {o the
MSF in Oltawa.

5.4.3.13 Vehicle & Wayside Subsystems

Communication between Vehicle and wayside is managed by the Train
ControlMonitoring System {(TCMS). The proposed TOMS 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 5.4.4,
On Board Communications Network

All Train-wide voice communications, control of destination signs and Passenger information signs and transimission of
video within the Train will take place over a dedicated Ethernet network (ses Cut Sheet 5.4.1-C8-903).

The vehicle will communicate with the wayside via 2 Wi-Fi system with transcelvers at Stations and the MSF. This link will
be used for non-vital information such as video, Automatic Pagsenger Counting (APC)

Radin

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 Circult Telavision
Exterior Surveillance

In each Station, video cameras will monitor boarding platforms. Video will be streamed to the TCMS via Wi-Fi
communication and displaved 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.

SECTIHON 5.4
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Interior Surveillance

The video-surveillance system is based on a complete digital technology system. The CCTV 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 {valled Universal Mobile Conirolier) as Public Address.

This CCTV system consists of the following elements:

w  Cameras fo monitor the Passenger compariment
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 (APC)

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

Remote Diagnosis - Train Tracer

TrainTracer is the Alstom solution fo faciiitate Train diagnostics, interfacing Train on-board equipment with the M&R
Team. Besides the usual access to Train data using a laplop PC directly connected to the Train, TrainTracer offers
remote access to full fleet data through intranet and internetl. Health data is automatically monitored on board each Train
in operation and moves o 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 anytime 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 1o the Operator. This approach provides unprecedented
visibility info the real-ime operation and health of each Train. It expedites corrective maintenance, supports the Train
crew and prevenis some failures. TrainTracer reduces maintenance cost and simultanecusly improves Train availability.
This section describes the technical aspects of TrainTracer sclution proposed by Alstom Transport as the maintenance
assistance system for roling stock.

Figure 5.4-20 | TrainTracer

i
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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,
accessible using a thin client through a secured intranet or internet access

m TrainTracer UTM {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 Trains are automatically sent to TrainTracer CFM server and recorded:

g Alarms related to failures affecting current commercial service
®  Faults {o 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 equipment,

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 local maintenance
operation has been necessary.

Catenary System
Interface with catenary system is described in Section 5.4.3.14.
Wheel Rall inferface

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 complies with the ENS0163 standard, concerning the supply voltages for traction systems. Table §5.4-
12 summarizes the lowest, highest and nominal voltages.

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

Table 5.4-13 | Estimated Power Balance

Maximum Power for auxiliaries 325 kW {including 4%75 KW for haating)

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}
BECTION 5.4
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5.4.3.15 Carbody Strength

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

Underframe {version depending on Vehicle)
Driver'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 sither 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 correct performancs for re-railing and maintenance operations. The exact position and
design of the support surfaces shall be devsloped to ensure compatibility with existing and service-proven slements.

See Test Reports 5.4.1.A-TR-201 o 5.4.1.A-TR-204 for the car-body strength calculation results of the Citadis Nanies.

5.4.3.16 Vehicle Weights and Axle Loads

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

#514 it i £ #1432

Table 6.4-14 | Vehicle Axle Loads

Condition Axle1 | Axle2 | Axle3 | Axle4 | Axle5 | Axle6 | Axle7 | Axle 8 Axle 9 Axle10 Total

Tare Load 8341 | 8341 | 6945 | 6945 | 7271 | 7271 | 7998 | 7,998 8,276 8,276 1767
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/im? 10,797 | 10,797 | 11589 | 11589 | 9933 | 9933 | 11,851 | 11,851 | 10,732 | 10,732 109.8T
8 p/m? 11,365 | 11,365 | 12,910 | 12,910 | 10,369 | 10,369 | 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 inlegrates ASME RT-1 required elements. It
includes crash-energy absorption devices designed to deform in a
preprogrammed fashion and located as shown in Figure 5.4-21.

Using a modular concept allows for a quick re-entry into revenue servics 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 2 higher-
speed collision, end cabins are bolied on the end of the frame and can be
sasily and quickly replaced.

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

Devices
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® A top frame composed of corner posts and a top 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 equipment 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, Testing and Commissioning Schedule

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

5.4.3.19 Compliance Matrix

See Section 5.4.1.F for the compliance matrix,

5.4.3.20 Heating and Cooling

The Passenger compariment alr conditioning is ensured by a roof-mounted fully unitized air conditioning unit on sach 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 circuit is hermetically sealed and uses homologated refrigerant liquid (R407C) in
accordance with current European Standards and the Montreal protocdl, and complies 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 unit in Cut Sheet 54.1.8-3.

The HVAC unit has been designed to provide 8 m¥/hr of fresh air per Pagsenger in AW2 loading conditions. The fresh air
damper can be closed by the Driver for faster warm-up and cool down of the Passenger compartment. If over temperature
is detected, thermostatic and electrical protection is provided. An emergency shutdown switch is also provided in the
Driver's cabin.

System Capacity

HVAC capadity has been designed for optimal comfort, The proposed unit offers 35 kW of cooling power and 30 kW of
heating power. To ensure system capacity in terms of femperature stratification, treated air will be distributed to
Passenger compartment by alr outlets located on the ceiling and at floor level, Thermal load caloulations used {o define
the heating and cooling capacily 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 operating modes are
determined by system configuration, analogue input values, digital input states, and the system set point. The following
functions are provided by the controller;

Safety and shutdown protection
Diagnostics

Fault monitoring and annunciation to MPU
Self-health check

g 8 B B
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B Sequential starting of motors
m Includes a +/-2°C set point adiustment for all switching points

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

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

Side window defrost

Electrically heated windshield

5.4.3.21 Approach to Pushing/Towing, Fire Safety and Ride Quality
Fushing/Towing

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

A single Vehicle rescues another single one

Rescuing single Vehicle Rescued single Vehicle

B A multiple Vehicle rescues a single unit

Rescuing multiple Vehicle Rescusd single Vehicle

B A muitiple unit rescues ancther identical muitiple unit

Rescuing multinle Vehicle Rescued multiple Vehicle

In rescue operation, the allowed operating speed is limited to 30km/h.




COW0544752

Coupling

in normal rescued condition, the automatic coupler is used (ses Figure 5.4-
21), which contains all necessary trainlines for rescue mode. It can be
manually deployed in cases of low battery or molor 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 o
shared low-voltage energy.

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

Figire 5.4-22

In the exceptional case of non-brake releass through auxifiary 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
reseuing one is fully operational):

Emergency stop buttons {in both cabins)
Windshield wiper

Exterior lighting

Cabin lighting

Train radio

B B B 8B B

Figure 5.4-23 | Brake Release

Fire Safely

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/smokeltoxicily test report will be recorded in a database and maintained through the Vehicle
lifecycle. Table 5.4-15 summarizes the fire loading values.

The underframe and roof are made of steel 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 smokes from
entering the Vehicle. Two additional smoke detectors will be installed in the vehicle's interior to alert both the driver and
the Controt Cperators in the TSCC of 2 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 extinguishers will bs located in each
Driver cab.

Tabje 5.4-15 | Fire Loading

Estimated fire loading for MC section (MC1 & MC2) 43 GJoules
Estimated fire loading for IMC section 38 Gdoules
Estimated fire loading for CC section 39 Gdoules
SECTION 5.4
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Estimated fire loading for an entire Vehicle 161 Gloules

Ride Quality

Thanks to its unigue truck architecture, the proposed Veshicle 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

S4.4 TRAIN CONTROL

RTG is pleassd to offer the SelTrac Communication Based Train Control (CBTC) System from Thales Canada for the
OLRT Project, Selfrac’s proven CBTC architecture provides comprehensive Train Control functionality with the highest
levels of performance, reliahbility, availabllity and safety, The SelTrac CBTC System provides the 21st centry whan
fransit 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 tools to
manage incidents

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

Thales has operated in Canada for more than 30 years emploving 1,300 employees in Transportation, Defence &
Security, and Aerospace sectors. Thales’ centre of excelience for signalling is located in Toronto, with offices in
Yancouver 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 OLRT CBTC System, was devsloped in their Ottawa office.

Thales has 31 lines in revenue service tolaling 800 line kilomelres, with a {otal of 1100 line kilometres contracted, and has
installed CBTC solutions around the world for more than 26 years, There are cumrently more than 300 transit track
kilometres signalled with Thales SeiTrac CBTC solution in over 35 cities including major transit centres such as London,
New York, Hong Kong, Shanghat, and Beljing. Thales has never falled to successiully deliver a SellTrac 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) KTG and
Thales are excited 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’ SelTrac 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 SelTrac functions or have been previously
implemented as a site-specific function in ancther system. This section provides an overview of how the SefTrac 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 5.4.1.0-8K-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, Cily systems)

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

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

g [he Data Communication System {DCS) which provides the fibre-oplic backbone for communication between 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 Track-mounted equipment including wireless Access Points, switch machines, signals at interlockings, Train
focation norming transponders, intrusion detection at tunnel portals and Stations, proximity detectors at Stations,
and signage

RTG will also provide & 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 intsgrated by Thales and are described in more detall in Section 5.4.4.6 and
Cut Sheats 54.1.C-3 to 54.1.C-18. The system configuration is based on the highly successful Canada Line in
Yancouver, including a fully automatic storage vard. Unlike Canada Line, all major OLRT CBTC subsystems? will be fully
redundant, thus providing even higher CBTC system availability.

Operating and maintenance procedures and training are an important facter in achieving high system performance.
Canada Line cperations 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 Modeslling Resulis

Thales simulated the performance of the CBTC System on the OLRT alignment using a simulator that has baen validated
against actual performance of Trains in other systems. The simulation used conservalive values of braking and
acceleration derived from actual Train performance characteristics provided by Alstom. Actual guideway civil spesds and
CBTC System tolerances 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 caloulated for actual Train
speed, which allows the Systemn fo safely maximize throughput.

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

-

! 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.
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m  System capacity tor all operating scenarios

Simulation results are summarized in Section 54.5 and details are presented in the Operation Performance
Simulation. A narrative can be found in Section 10.0.4.

2.4.4.2 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 safety critical functions. Vehicle
networks and CBTC networks will be independent, and the CBTC Ethemet 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 Shanghal Metro Lines 6 and 8. The Shanghai installations employed
1506 Yde 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-Revenues Vehicles

SefTrac protects non-communicating Traing (NCT - either falled Trains or unequipped vehicles such as maintenance
squipment) with & Manual Routs Reservation (MRR, which sets and locks a route from an origin to destination for an NCT
move} and tracks the NCT using track cirouit status.

The Zone Controller interfaces with the track circuits and monitors their status o determine block occupancy, which is
reported to the ATS. The Zone Controfler 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 ncoupancy status.

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